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Notes:
Definition: Expanded Measurement Uncertainty U
+ Definition of ISO/IEC Guide 99 (VIM)
True
value?

True (quantity) value Conventional (quantity) value

Quantity value consistent with the definition Quantity value attributed by agreement to a

of a quantity quantity for a given purpose

NOTE 1 In the Error Approach to describing measurement, NOTE 1 The term “conventional true quantity value” is

a true quantity value is considered unique and, in practice, sometimes used for this concept, but its use is discouraged.

unknowable...
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Definition of GUM: True / Conventional Value

» True value (of a quantity)
» Value consistent with the definition of a given particular quantity.
* This is a value that would be obtained by a perfect measurement.
» True values are by nature indeterminate.

» Conventional value (of a quantity)
* Value attributed to a particular quantity, sometimes by convention
» Accepted as having an uncertainty
+ “Best estimate®, “assigned value*
+ Example:
* May be realized by a reference standard

« Recommended value for a fundamental constant
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Notes:
Definition: Expanded Measurement Uncertainty U

* Definition

-u +U
Measured value

Measurement uncertainty — definitions given in various standards:

* ISO 3534-2: Parameter associated with the measurement result or test result, that
characterizes the dispersion of the values that could reasonably be attributed to the
particular quantity (...).

* ISO/IEC Guide 99 (VIM): Non-negative parameter characterizing the dispersion of the
guantity values being attributed to a measurand, based on the information used.
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Notes:

Term of Measurement Uncertainty

* Definition

-U + U
ytU

() SOOI

Measured value
measurement uncertainty (according to DIN 1319-1):

Parameter obtained from measurements and which — together with the
result of measurement — characterizes the range of values within which
the true value of a measurand is estimated to lie.
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Notes:
Causes of Measurement Errors
Surface property
e.d. roughness R
I leviati
Motivation R Mass
Performance Dimensions ' Measurement
------------ - —=—--== mmmmee- result
> and
Contamination Device-specific evaluation Measurement
Humidity Storing error
Vibrations Dynamic behavior
Temperature, Design
Static behavior sty

_____ - ﬁé = I%!T

e B

Milieu == W
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Notes:
Definition: Measuring System and Process
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o |= == === === == = = = ?ISO/IEC Guide 98-3:2008,
e |SO 22514-7, ” | ® Corrected version 2010
g Guide to the expression of
: VDA Volume 5 I operator environment I E uncertainty in measurement
°
& GUM I I'e MSA: “Measurement syst
° : ystems
° | — MSA Type 2 l : analysis” serves as an umbrella
° e term for various company
: I e guidelines
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Notes:
Systematic and Random Measurement Errors
+ Systematic and random effects of measurement deviations
(»Raw Values“)
Measurement Error )
Systematic | Random
Measurement Error ﬁ Measurement Error
Known Unknown
Systematic 1 Systematic
Measurement Error J Measurement Error
Couscticn Mea:uerr:riigrirt]%rror
4 A 4 A 4 A 4
< L >i< Measurement Uncertainty )
Result
= Complete Measurement Result
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Terms as Defined in GUM: Measurement Error
* In general, a measurement has imperfections and gives rise to an error in the measurement result.
» Errors cannot be known exactly.
* Two components
* Random error
* Unpredictable
» Can be reduced by increasing the number of observations
« Expectation is zero
+ Systematic error
« Correction can be applied to compensate an error arising from a recognized effect
» After correction, the expectation is zero
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Notes:
Measurement Uncertainty
« Example: Conformity decision
b
2 % %, Co, o
O % g 1
O Measured |
o & ® value X t
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Measurement Uncertainty and Proof of Conformity

+ 1SO 14253-1
LSL USL
Nonconformity Conformity zone Nonconformity

Rejection Rejection

Nonconformity Nonconformity
zone zone

Measurement uncertainty

No No No No
v rejection § delivery delivery § rejection

-U +U -U +U

Uncertainty range Uncertainty range
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Notes:

Measurement Uncertainty and Product Development

« Example: Are two measurement results different?

1st measured value 2nd measured value

(2) ) () (2) ) ()

Individual measured values differ at a high level of confidence

1st measured value

<?> (I’D @\ 2nd measured value
7 2y (@)

Hatched value could be true value - no clear difference

4
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Notes:
Measurement Uncertainty and Production Monitoring
* Proof of Capability vs. Proof of Conformity
Y, L
Q
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Uncertainty vs. Measurement System Analysis

Jungi-Mal-Centy-Markt
D-69488 Weinheim

process capability analysis

AssC

1 Calibration uncertainty 5.30
1 Repeatability 3.20
3 Reproducibility of operators  9.80
1 Temperature 8.35
Total 26.65
Expanded uncertainty 53.30
Components 4

Cash 200
Change 93.40
4711 10:53 #003

Thank you for your measurement
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Notes:
Uncertainty vs. Measurement Systems Analysis
measurement uncertainty measurement process
capability
Application Conformity assessment Release of machines and processes
(for products) in case of individual for serial test processes in series
measurements if procedures of production (capability analyses,
Booklet 10 cannot be applied, control charts, process analyses)
calibration
Target Calculation of the expanded Calculation of statistics
measurement uncertainty of Cy Cyur Bi,
measurement results %GRR, ...
Specialist Booklet 8, ISO/IEC Guide 98 (GUM) Booklet 10, company guidelines
literature
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Notes:
Impact of Measurement Process Variation
* How measurement uncertainty affects the observed process variation
2 — 2 +
O%observed — 9 actual
_ Notation according to
TV? = PV o+ AIAG Core Tool MSA
Actual
process variation
Observed
process variation =%
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Notes:

Impact of Measurement Process Variation

* Observed machine / process capability

Observed/BeobachteterC, versus Actual/TatsachlicherC,
3
/ /
o
Para
2,5
i %GRR // " |20%
o — % 6-GRR % L~
8 %GRR = -100% L~ ]
g —10% T //// ///
i % P | 30%
S —20% /’// -
E-1 |
E —30% ////// /____.——-—-"" 40%
< R e // =TT PR
215 ’ g e 50%
e ——50% = — —
g o /.—-'//
2 ////
o] g g
S
1 = ="
/
0,5 . T
05 06 07 08 09 1 1,1 12 1,3 14 15 1,6 1,7 1,8 1,9 2 21 22 23 2,4 25 26 27 28 29 3
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Notes:
Testing and Measuring - Summary
+ Effects and consideration of measurement uncertainties
LSL . USL
SO 22514-7/ VDA Volume 5 -U +l:/Measurement “”Certa'”ty\;u +U
Testing Conformity zone
100 — 10 =90 — 1/10 is not negligible
v 1002 + 10% = 100,5 — 1/10 is negligible
Measuring system variation << tolerance
Measuring LSL USL
MSA
ISO 22514-7 | VDA Volume 5
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© Q-DAS GmbH - Training & Consulting - www.g-das.com

Range of Validity for Measurement Uncertainties
+ GUM: It is necessary to characterize the quality of a result of a measurement in order to evaluate
and express its uncertainty.
* This does not mean ...
+ that you have to determine the uncertainty of each measurement;
* it rather means that you may even express measurement uncertainties sweepingly for certain
(plausible) ranges.
+ Example of measurement

uncertainties associated with

certain measurement ranges
T 0.004
<
E
- 0.0035
= 0.0033
£ 0003
£
@ 0.0025
5
§ 0002 0.0919
§ ,
2 0.0015 -
o Region | Region Il Region Il
< 0.001

15 16 17 18 19 20 21 22 23 24 25 26 27
Measured Value 1/ mA —
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Notes:
Agenda
Requirements of International Standards, Basics and Philosophy
I Terminology and Approach according to GUM
Approach according to Booklet 8 and GUM
Approach according to Booklet 8 and ISO 22514-7 (and VDA Volume 5)
Brief Discussion about Capability Indices and Ratios Cys, Cyp, Qus, Q
Measurement Uncertainty according to Booklet 8 Based on Booklet 10 and ISO 22514-
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Notes:

Guide to the Expression of Uncertainty in Measurement

+ Combination of
» Bosch Booklet 8 and
*+ GUM - Guide to the expression of uncertainty in measurement

* GUM is the international document establishing rules

+ for expressing measurement uncertainties in the fields of standardization, calibration, laboratory
accreditation and metrology services.

+ Booklet 8 is based on GUM and summarizes its contents. The following slides therefore start with
the basic principles of this guide. Moreover, Booklet 8 illustrates different approaches to determine
measurement uncertainty in line with GUM.

4
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Guide to the Expression of Uncertainty in Measurement

« Aim
» Developing a guidance to the expression of uncertainty in measurement, establishing general

rules for evaluating and expressing uncertainty in measurement that can be followed in the
fields of standardization, calibration, laboratory accreditation and metrology services.

* Purpose of this guidance
* Promoting full information on how uncertainty statements are arrived at.
* Providing a basis for the international comparison of measurement results.

© Q-DAS GmbH - Training & Consulting - www.g-das.com
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Guide to the Expression of Uncertainty in Measurement

e Universal
« for all kinds of measurements

* Internally consistent
» directly derivable from components and independent of how they are grouped

+ Transferable

which the first result is used
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+ The ideal method for evaluating and expressing the uncertainty of a result should be:

* as a component of measurement uncertainty in evaluating the uncertainty of another measurement in
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Guide to the Expression of Uncertainty in Measurement

* Scope

“... from the shop floor to fundamental research ..."
Quality control and quality assurance

Complying with and enforcing laws and regulations
Basic research

Calibration of standards and measuring instruments

Tests throughout a national measuring system in order to achieve traceability to national

standards

Development, maintenance and comparison of international and national physical reference

standards

Even conceptual measurement results and uncertainties that are based entirely on hypothetical

data
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Guide to the Expression of Uncertainty in Measurement

e This Guide does NOT ...

* ... provide technology-specific instructions.

» ... discuss how these uncertainties may be used for different purposes.
* ... draw conclusions about the compatibility with other similar results.

» ... establish tolerance limits in a manufacturing process.

» ... decide if a certain course of action may be safely undertaken.
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Guide to the Expression of Uncertainty in Measurement

* Conclusion

+ Chapter 1.4

quantitative expressions of uncertainty.”

27 TQ017en_2021-07-01.pptx |Stephan Conrad| 2023-09-28 © Q-DAS GmbH 2021 « Schutzvermerk ISO 16016 beachten « Refer to protection notice ISO 16016,

“It may therefore be necessary to develop particular standards based on this Guide that deal
with the problems peculiar to specific fields of measurement or with the various uses of
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Approach according to GUM

Mathematical model of the measurement

A

Identification of uncertainty components

I
v v

Type A evaluation Type B evaluation

“Experiments* “No experiment”/"Experience”

1 |
v

Standard uncertainties

|

Combined standard uncertainty

!

Expanded measurement uncertainty
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Term of Standard Uncertainty

standard deviation.

* The standard uncertainty is the uncertainty of the result of a measurement expressed as a

20

18
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Notes:
Term of Combined Standard Uncertainty
+ The combined standard uncertainty is the standard uncertainty of the result of a measurement in
case this result is obtained from the values of a number of other quantities.
Standard Weighting
uncertainty 1 factor 1
Standard Weighting
uncertainty 2 factor 2
Combined standard
uncertainty
Standard Weighting
uncertainty ... factor...
Standard Weighting
uncertainty n factor n
* The weighting factors are called sensitivity coefficients c.
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Notes:
Term of Expanded Measurement Uncertainty
* Quantity defining an interval about the result of a measurement that may be expected to
encompass a large fraction of the distribution of values.
» “Coverage probability“ or “level of confidence*
* Requires assumptions regarding the probability distribution
+ Termed “overall uncertainty“ in Recommendation INC-1 (1980)
» To meet the needs of industrial and commercial applications
a0 Y-IQS ? E+|23
15 | | |
~ 16 f '
F 14 ! . !
z12] | I |
210 I I I
“g 8] I I I
e i ! i
5] | 1 |
D_""I""II""I""II'"'I"":"'-'I""I'
-3 -2 -1 u] 1 2 3 4
ND —
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Determining Expanded Uncertainty

+ Expressing the combined standard uncertainty u.(y) would actually be sufficient.

* In some commercial, industrial, and regulatory applications, and
when health and safety are concerned, it is necessary to define
an interval encompassing a larger fraction of the distribution.

U=k-ucy)
* Coverage factor k ...
» ... corresponds to a particular level of confidence (90%, 95%, 99%, ...).
* ... might have to consider the degrees of freedom.

* Note:
Booklet 8 refers to the coverage factor k as k,, in order to avoid confusions with other terms.

4
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Reporting Uncertainty — General Guidance

* Describe clearly the methods you use.

+ List all uncertainty components.

* Document fully all evaluations.

+ Each step of your data analysis can be readily followed.
+ Give all corrections and constants.

» Basic principle:

“Have | provided enough information in a sufficiently clear manner that my result can be updated in
the future if new information or data become available?“
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GUM Chapter 3.4: Practical Considerations

+ Assumption: Measurement can be modelled mathematically to the degree imposed by the required
accuracy of the measurement.

+ Mathematical model can be incomplete. All relevant quantities should be varied to the fullest
practical extent.

« Evaluation of uncertainty should be based as much as possible on observed data.

+ “Awell-designed experiment can greatly facilitate reliable evaluations of uncertainty and is an
important part of the art of measurement.”

* All corrections are included.

» This Guide “ ... cannot substitute for critical thinking, intellectual honesty and professional skill.”

4
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Notes:
Agenda
Requirements of International Standards, Basics and Philosophy
Terminology and Approach according to GUM
I Approach according to Booklet 8 and GUM
Approach according to Booklet 8 and ISO 22514-7 (and VDA Volume 5)
Brief Discussion about Capability Indices and Ratios Cys, Cyp, Qus, Q
Measurement Uncertainty according to Booklet 8 Based on Booklet 10 and ISO 22514-
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Flow Chart Based on Bosch Booklet 8

Start

v |

’ Calculating
Describe measurement a
alues of input
quantities x;
Collect information about and their Select input quantity no. i
. input quantities standard
hirerty (consider corelation) | {yncertainties
standard
i u(x;)
uix)
1| Prepare model for calculating Statistical information
the measurement result available?
R Type A evaluation Type B evaluation

« Statistical analysis of
latest measurement data

« Using available
uncertainty specifications

+ Using results of previous
statistical analyses

« Using available limits

« Using results from
previous measurements

Create measurement
uncertainty budget

Do
correlations
exist?

nein

L J

Standard

uncertainties of all

input quantities
determined

Determine correlations
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v

Calculate expanded
measurement uncertainty
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Provide complete
measurement result
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Describing the Measurement

* Measurement task

* Measurand

* Measurement method

* Measurement procedure

* Measuring system (incl. preparation)

* Measured object (incl. state before/after the measurement)

* Measurement standard (identification number and data
from calibration certificate)

* Environmental / boundary conditions

* Detailed information if these are necessary for understanding
(physical laws, reactions / interactions between
measuring system and measured object, measurand type)

* Information from any existing tool inspection plans
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Collecting Information about Input Quantities

+ |dentify input quantities
» Ishikawa / cause-and-effect diagram

Measured Measuring | | Measurement
Object System Process

Material

Resolution Principle

Property

Input
Quantity

Output
Quantity

Qualification

Temperature

Strategy

Cleanliness Constitution Evaluation

Milieu Men Method

» Different categories possible:
+ 5M: Measured object, measuring system, method, men, milieu

» According to VDI/VDE 2618: measured object, procedure, device
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Collecting Information about Input Quantities

+ List input quantities in a table

Examples

Measuring task:

Length measurement witha
yardstick

Resistance measurement with
a multimeter

pH value measurement with a
pH meter

Typical input quantities:

Reading of the length
Reading of the angle
Quality of the yardstick
Lighting conditions
Application set-up

Temperature

Reference value of the
standard

Calibration uncertainty

Current

Voltage

Frequency

Cable length
Contact resistance

Internal resistance

Reference value of the
standard

Calibration uncertainty

Difference of potential (ECPD)
Temperature

Probe material
Concentration

Liquid composition
Measurement principle
(device type)

Reference value of the
standard

Calibration uncertainty
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Preparing the Model

* Quotations from GUM

* The measurand Y is determined from N other quantities
through a functional relationship f.

* The input quantities X; may themselves depend on other
guantities.

* The resulting functional relationship may...
* be complicated.
* be determined experimentally.

» exist as an algorithm that must be evaluated
numerically.

* The function y = f(xq,x3, ..., Xy) ... (CONtains) every
guantity, including all corrections and correction factors,
that can contribute a significant component of uncertainty
to the measurement result.
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Preparing the Model — Simplified Models

* Additive model

* Sum of several input quantities
y=x1+x3+ - +x,

- Attention:

All input quantities need to have the same measurement unit.
* Input quantities are independent from one other.

* Write down some examples:
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Preparing the Model — Simplified Models

* Additive model

* GUM also applies this model in case the correct
model is too complex or cannot be defined completely

y=y5+6x1 +6x; + -+ 6x,

* where
LA conventional (maybe corrected) value

* 68x,..8x, deviations from the conventional value of the input quantities in the
measurement unit of the measurement result with an expectation
equal to zero
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Notes:

Preparing the Model — Simplified Models

* Multiplicative model
* Product and/or quotient of several input quantities

X1 Xy ..
y=—
- Xn—1"Xn

« Attention:

» Allinput quantities have to be supplied using measurement units which are
converted to the measurement unit of the output quantity when
used with the model equation.

« Relative units in % need to be converted into
absolute values.

* Write down some examples.
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Preparing the Model — Simplified Models

¢ Linear model

» Linear relation between several input quantities

y = (a1+b1 . x1) + (a2+b2 . xZ) + ...+ (an+bn . xn)
» Special case n = 1 represents a straight line

+ Common application: Mathematical correction
y=y'+tax+PBx-y

where

.y corrected measurement result
o ay correction constant

e Bk correction factor

I

.y uncorrected measurement result (“raw value®)

* Write down some examples.

44 TQ017en_2021-07-01.pptx |Stephan Conrad| 2023-09-28 © Q-DAS GmbH 2021 « Schutzvermerk ISO 16016 beachten « Refer to protection notice ISO 16016,

(4 7 HEXAGON
————

© Q-DAS GmbH - Training & Consulting - www.g-das.com

Notes:

44



TQO17 - Determining Measurement Uncertainty 2023-09-28
Notes:
Preparing the Model — Simplified Models
* General model
» Generally applicable approach is inherently incomplete
and cannot be described in full.
+ Example:
* Needed:
Power consumption P of a motor
In
*  Known: @
Internal resistancer; of a motor R J
i = Ug
u, 1 o)
* Measured:
Current I,
* “Fundamental physics“: P =U-Iyand U = R; - Iy
« Leadingto P =R; Iy - Iy = R; - I}
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Input Quantities

* GUM formally distinguishes between two methods for
determining input quantities.

* Type A evaluation:

* Values x; and u(x;) are estimated from repeated
observations and the results of their statistical analysis

+ Examples: Measured data recorded for a specific
purpose; results of stability monitoring; data sets of
previous observations

+ Type B evaluation:

* Values x; and u(x;) are determined based on other sources
and their preparation

» Examples: Manufacturer's specifications; limits;
parameters from previous investigations; literature values

+ According to GUM, this makes it easier to discuss the topic
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Input Quantities: Type A Evaluation - Expectation

measurements.

* Best estimate for quantity value x; is the arithmetic mean of m individuals
m
1
X = m Z Xik
k=1

« Attention:
* Measurements are taken under the same conditions of measurement.
» A sufficient number of m individuals is required (confidence interval).

* Assumption that a normal distribution describes
the data sufficiently well.
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Input Quantities: Type A Evaluation - Uncertainty

» Uncertainty is calculated from the dispersion of individuals

» Best estimate for the dispersion of quantity value x;

48

©Q

is the standard deviation of m individuals

m
) = ; o —x)2
S0 = === ) (7D
k=1

* The standard uncertainty of input quantity i is the dispersion

of the mean value X;

_y_ s(x)
v == A
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Input Quantities: Type A Evaluation - Uncertainty

+ Attention please! Pitfall: What is m?

* What is the purpose of your analysis? A

* You want to know the “accuracy” of a measurement result.
Example: Calibration of a gage block

» Take several measurements and calculate the mean.
* You want to find out the “accuracy” of the mean.
* This leads to m = number of (repeated) measurements.

* You want to analyse the repeatability of a measuring
instrument in the series measurement process on site.

* Take several (repeated) measurements.

* However, you are only looking for the repeatability of
subsequent individual measurements.

* This leads to m = 1.
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Notes:

Input Quantities: Type A Evaluation - Uncertainty
+ Based on previous measurement results

+ Example: Several measurements were performed under
identical conditions over a certain period of time.

* Uncertainty is calculated from the pooled standard deviation s,

%P (m—1) - 5;2(x)

Sp (xi) = jp
Z j=1 (m Jj 1)
*  Where
* no. of pooled data sets
s m; no. of measured values in data set no. j
* si(x) standard deviation of data set no. j
50 TQ017en_2021-07-01.pptx |Stephan Conrad| 2023-09-28 © Q-DAS GmbH 2021 « Schutzvermerk ISO 16016 beachten « Refer to protection notice ISO 16016, (‘ ‘ HEXAGON
e —————

© Q-DAS GmbH - Training & Consulting - www.g-das.com 50



TQO17 - Determining Measurement Uncertainty

2023-09-28

Input Quantities: Type A Evaluation - Uncertainty

+ Based on previous measurement results (continued)

* The standard uncertainty of input quantity i is calculated
from the pooled standard deviation

+ m > 1 refers to the actual number of measured values collected during
the current measurement uncertainty study.
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Input Quantities: Type B Evaluation — Why?

* Results of previous observations are used e.g. because...

* itis not possible to take series of measurements
(e.g. for technical or economic reasons).

* measurements have already been performed but
only the evaluation results are available now
(e.g. dispersion, distribution, unless applied according
to Type A evaluation).

* input quantities cannot be recorded metrologically
(e.g. in case of subjective influences).
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Input Quantities: Type B Evaluation — Wherefrom?

+ Standard uncertainties can be obtained from...
» evaluation results of previous measurements.
* manufacturer's specifications, data sheets.

* uncertainties assigned to reference data from
handbooks.

» data provided in calibration and other certificates.

+ experience with or general knowledge of the behavior
and properties of relevant materials
and instruments.
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Input Quantities: Type B Evaluation — How?

* Information may be available in the form of ...
* uncertainty specifications

* Expanded measurement uncertainty with coverage factor
e.q. “‘U(k, =2) = 3 um"

+ Expanded measurement uncertainty with confidence level
e.g. “U(95%) = 0.2 mg"“

+ Standard measurement uncertainty
e.g. “‘u = 0.02 m*/h"

* limits
* e.g. “maximum permissible error 4 um*
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Input Quantities: Type B Evaluation — Uncertainties

* Information may be available in the form of uncertainty specifications, namely...
+ expanded measurement uncertainty U = k,, - u

+ Suchas “U(k, = 2) = 3um*“: Known coverage factor

* Such as “U(95%) = 0.2 mg“: Confidence level leads to
coverage factor k,, (Booklet 8, annex D)

» Calculation of standard uncertainty

+ Standard uncertainty
« Such as “u = 0.02 m*/h“

* Known standard measurement uncertainty that you can apply directly.
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Input Quantities: Type B Evaluation — Limits

* Information are available in the form of limits.

* Limit a is often specified, i.e. the values lie between a_
and a,

* The interval +a is specified and the values lie within this
interval with a certain probability.

* Assume an a priori distribution with distribution factor b.

» Calculate the standard uncertainty from
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57

Input Quantities: Type B Evaluation — Limits

Distribution factor b of a priori distributions

Distribution Shape DIStI‘IbUEOI’] factor

Triangular / \ )
distribution <o 16 = 0.408

A\
Normal distribution / \\ 1N4=0.5
Rectangular
== =0.577

distribution 1N3=0.5

U-shaped

o =0.707
distribution i 0 = 12
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Notes:
Input Quantities: Type B Evaluation — Limits
* Information are available in the form of limits.
+ Example: Resolution of an indicating device
. a=5um,
E ‘ .......................... ’E
30.09 36.995 30.10 30.105 30.11
+ Resolution RE = 10pum RE =10 um
* REreferstointerval +ta =2 -a=10um = a = 5um
» Distribution: Rectangular = b = \/—15 =0.577 = 0.6
s =>u=b-a=06-5um=3um
« Standard measurement uncertainty uzz = 3 um
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* You evaluate all
input quantities
step by step
according to
Type A or Type
B evaluation
and determine the
standard uncertainties

© Q-DAS GmbH - Training & Consulting - www.g-das.com

Information about INput quantities

Input Quantities: Determining All Components

'Standard uncenainties of INput quantitis.
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Notes:
Input Quantities: Determining Correlations

+ Correlations are caused e.g. by...

» interdependent physical quantities.
+  Example:

« Relative mass fractions of a mixture of
substances,

- caused by chemical changes,

« their sum is constant.

» physical quantities that are not determined
independently of one another.

+ Examples:

« Determining two quantities in the same experiment
(intercept and slope of a calibration curve)

» Applying the same measurement standards

- Effects of a common influence of any third-party parameters
(temperature, humidity)
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Input Quantities: Determining Correlations

+ Correlations are negligible if...

+ data sets originate from different analyses carried out
at different times

» the available input quantities are constant
(no change -> no effect)

+ standard uncertainties of one of the two correlated input
guantities are negligible
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Input Quantities: Determining Correlations

* You can avoid correlations ...

» by considering parameters affecting several input
guantities as additional input quantities in the model

* by interpreting model equations in a way that
correlations are negligible
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+ Example given in Booklet 8 annex |
T R T A e e e e e T PSSR T
s B e e e
| —
. | g | e | e e —
Description of the N B Type B: calculating o udget | (according to the of the
g (symbol) anit s, | sresamy | orparstery nos S| ren || umcersiy | coomcent | Yo | unceramy | (DO (ool | ve | Chenom | gt S
links to documents) ® (squared) .l 9
3 | comte | mcsany —— pis e
Tevel (%) Zler-ulx) s e
Pt
i " a T A R I arue | @ruR | B nporu | v | L)
.
.
‘
.
;
[Model equation: Total result:
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Combined Standard Uncertainty without Correlation

« Additive model
* Y=x1+x+ 0+ xy,

+ Combined standard measurement uncertainty
o u(y) = Ju(ey) + u2(xy) + o+ u?(xy)

+ Additive model (alternative)
* y=yo+8x; +8x;+ -+ 6xp

+ Combined standard measurement uncertainty
e uy) = \/u2(8x1) +u?(6xy) + ...+ u?(5xy,)
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Notes:
Combined Standard Uncertainty without Correlation
* Multiplicative model
N _ X1°X2" .
y - ' Xn—1"Xn
+ Combined standard measurement uncertainty
u) _ \/ (u(xl))z N (u(xz))z 4 (u(xn))2
y X1 X2 Xn
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Combined Standard Uncertainty without Correlation

¢ Linear model

c y= (a1+b1 . xl) + (a2+b2 . xz) + ...+ (an+bn . xn)

* Combined standard measurement uncertainty

u?(aq) + x,2% - u?(by) + blz ~u?(xq) ...

° u =
) et u2(ay) + 1,2 - u?(by) + by - u?(xy)
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Combined Standard Uncertainty without Correlation

* General model

* Y= f(xl'xZ' '"rxn)

* Combined standard measurement uncertainty

© uc() = Va2 wt(g) + 62 utle) ot ep? - ut ()

» with sensitivity coefficients ¢; = % (partial derivative)
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Combined Standard Uncertainty without Correlation

« Example of a general model

/-\IM
* P=RiIy’ ),
3 0,
« Sensitivity coefficients U, I o "
ap
' CRi TR, T In®
P
° CIM_E_Z'Ri IM

+ Combined standard measurement uncertainty

u(P) = Jch.z W2(R)) + 1y, - w2 (lyy)

u(P) = \[1;3 ‘u2(R) +4 - R2 - Iy® - u2(ly)

u(P) = I, \/1}4 ~u2(R)) + 4 - R;% - u2(ly)
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Calculating the Expanded Measurement Uncertainty

* The expanded measurement uncertainty U defines the
range within which the true value is expected to lie with a
defined probability

U=ky-uc

« where k, coverage factor based on a certain confidence level
Uc combined standard uncertainty

* In metrology, k, = 2 is common practice.
» It refers to a level of confidence of 95.45%.
* It requires m > 20 measured values.

« To simplify this approach, k, = 2 is often applied with a
confidence level of 95%.
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Providing the Complete Measurement Result

* There are different notations available to express measurement
uncertainty.

c yxU

* Yy, U

* y,U,, With a relative uncertainty U,.,; = U/|y|
* y-(1£Uper)

* y (U) (not recommended since mistakable)

» Recommended notation for Bosch

yxU

+ Example: Mass measurement standard having a nominal value of 100g
« mg = (100.02147 + 0.00079) g
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Providing the Complete Measurement Result

* Rounding rules

* Measurement uncertainties are specified with two
significant decimal places

* Measurement results and the expanded measurement
uncertainty need to have one more decimal place than the
resolution of the measuring system

» Always round up uncertainty specifications:
U = 0422pm = 0.43pm

(“... and allow reason to prevail“: U = 0.4205um = 0.42um)

» Specify three significant places of correlation coefficients
when their values are close to 1
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Documentation

* No specific format required
+ Recommendation: Measurement uncertainty budget (see Booklet 8 annex I)

* Minimum requirements:

Model equation

All input quantities (in the form of symbols)

(Estimated) value of each input quantity

Respective associated standard uncertainty

Information about correlations and, where applicable, covariances
Applied probability density function

Degrees of freedom
(according to GUM 4.2.6, always required for Type A evaluations)

Type of measurement uncertainty evaluation (Type A or B)
Sensitivity coefficients

Uncertainty components affecting the output quantity
Value of the output quantity

Combined standard uncertainty of the output quantity
Coverage factor
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Notes:
Agenda
Requirements of International Standards, Basics and Philosophy
Terminology and Approach according to GUM
Approach according to Booklet 8 and GUM
I Approach according to Booklet 8 and ISO 22514-7 (and VDA Volume 5)
Brief Discussion about Capability Indices and Ratios Cys, Cyp, Qus, Q
Measurement Uncertainty according to Booklet 8 Based on Booklet 10 and ISO 22514-
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Approach according to 1ISO 22514-7

+ Background
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Measurement uncertainty is nothing but an objective statement about the uncertainty range.
Is required for conformity assessment (ISO 14253).
Usual procedure: Measurement uncertainty according to booklet 8

BUT: Does not analyze process capability with respect to the tolerance of a characteristic.
Measurement process capability analysis is often required for a certain application.
Example: Release of a series measurement process

Standard approach: Measurement process capability according to Booklet 10

BUT: Measurement process capability does not provide any information about the measurement
uncertainty.

Which solution is recommended in which case?

4
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Notes:
Approach according to ISO 22514-7
* Which one is the suitable approach?
*  Where measurement tasks change frequently (e.g. in developing and test departments),
it is preferable to determine measurement uncertainties. /
* Where a sufficiently large number of similar repeated measurements of a specific
characteristic are taken (e.g. in manufacturing), it is preferable to determine
measurement process capabilities.
» If conformity has to be evaluated according to ISO 14253, it is important to determine
measurement uncertainties instead of or in addition to capabilities.
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Notes:

Approach according to 1ISO 22514-7

+ 1SO 22514-7 provides a field-tested method to determine measurement uncertainties according to
GUM and an approach to analyse the capability of measuring systems and measurement
processes based on the single components of measurement uncertainty.

+ lststep
» Capability of the measuring system (MS)
» Capability ratio Qs and index Cys including defined limits

* 2nd step
+ Capability of the measurement process (MP)
+ Capability ratio Qup and index Cyp including defined limits

4
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Approach according to ISO 22514-7

Analysis
Measuring
System
(Ms)

Dafine measuramant task
scily leits

Analysis
Measurement
Process

(MP)

Ealcutate statistics of massuring system
'+ Combined siandant unvariinty s

'+ Expanded measiremant uocetainty Uss
4 Tolerance.relatad maas. uncaninty O
+ Capatilty index Cys

[atc. statistics of measurement pracess:
'+ Combined siandan uncaranty uys
+ Expanvded standard uncaainty Uus
& Tolerance reiated meas, uncerisinty Que
+ Capatilty index Cyr

Eng
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Approach according to 1ISO 22514-7

Dafine measuramant task
spcily s

otz
1 measuing system/
measurement process

Analysis
Measuring
System
(MS)

Ealcutate statistics of massuring system

'+ Combined siandant unvariinty s
'+ Expanded measiremant uocetainty Uss

& Tolerance related mass. uncartiny Qus

+ Capatilty index Cys

Qug15%7

Analysis
Measurement
Process
(MP)
S ——
s Capatity index Cun
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uncertainties Uevo, Uav, Usv,
Ustabs Uia, Uobj, UT, URest

Calc. statistics of measurement process:

Combined standard uncertainty uye
Expanded standard uncertainty Uup
Tolerance-related meas. uncertainty Que
Capability index Cwe

Qup <30%7?
Cmp 21,337

no J

Measurmement process
acceptable

Notes:

78



TQO17 - Determining Measurement Uncertainty 2023-09-28

Notes:

Approach according to 1ISO 22514-7

* Define the measurement process
Start

° SpeCIfy ||m |tS Define measurement task,

specifiy limits

Analysis
Maasuring
System
(ms)

* Modelling

Simplified approach (ISO 22514-7): Additive model

* Measuring system
Ymus =Y + 0xcar + xXpy(ms) + 8xpr + 6xpn + OXREsT(ms)

* Measurement process

Yup = Ymus + (5xEV(MP) - SxEV(MS)) + 8xy + 6x14
+8x031 + 8xGV + 5x5TAB + 6x19 + axREST(Mp)

easurement

* Note 1: All expectations §x; = 0 (no correction)

Note 2: (axEv(Mp) - 6xEv(Ms)) >0 since 6xEv(M5) € 6xEv(Mp)
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Notes:
Approach according to ISO 22514-7
« y' Uncorrected measured value
* Deviations caused by ...
* OXxcaL ... finite calibration precision e
* Sxpy(ms) ... finite repeatability of the measuring system )
* bxp; ... measurement bias
o Sxpn ... linearity
*  OXgpsrT(ums) ... other influence components not included
in the analysis of the measuring system
* SXgy(mp) ... finite repeatability of the measurement process
* Sxyy ... reproducibility of operators
* Oxpy ... interactions between influence components wisn
© 8xpp) ... test part inhomogeneity (e.g. form deviation) "
s Oxgy ... different but technically comparable measuring sy
* OXsrap ... stability over time
* Oxy ... differences in temperature
* OXpgsT(mp) ... other influence components not included - -
in the measurement process analysis = )
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Approach according to ISO 22514-7 — MS Analysis

* Modelling the measuring system

Ymus =Y+ 8xcar + 8xXpyms) + 8xp; + 6xpy + OXREsT(ms)

+ Combined standard uncertainty

_ |2 2 2 2 2
Uys = \[ Ucar T Ugyus) t Usr T ULiv + Urpsr(ms)

N 2 2 2 2 2
Uys = JUCAL + max(ugyg, Ugg) + Ug; + ULy + UggpsT(ms)

* where
u2 — 2 2
Ev(ms) = Max(Ugyg, Ugg)
o uiyg uncertainty from repeatability on references/standards
. uig uncertainty from the resolution of the measuring system
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Repeatability (or equipment variation) EV is
already included in the resolution RE

— |2 2 2 2 2
¢ Uys = \[ Ugarp + Ugyr +x + up; + Upiv t Uggsr(ms)

* In case the resolution RE is relatively high,
repeatability EV becomes quite small

I 2 2 2 2
¢ Uys = \/ Ucar t 1% + Ugp + Up; T ULy T UrpsT(ms)

Resolution and Repeatability — Correlation?

* You alternatively evaluate ugg Or ugyg - the greatest one of these two uncertainties is used
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Notes:
Approach according to ISO 22514-7 — MS Analysis

Determine calibration uncertainty uc,;,

Calibration certificate or manufacturer‘s specification

Analysis
Maasuring
System

(ms)

Example: Calibration certificate gauge block box

Measurement uncertainty

Deviation of the central length from nominal length
1 = nominal length U=

Deviation fo and fu from central length
(coverage factor k = 2)

0,09 ym + 0,9-10e-6-1
U=20,06 um
« 8 mm gage block:
Ucar, = 0,09um + 0,9 - 1076 - 8000pm o
Ucar = 0,0972um k=2 Ly
u — UCAL
CAL 2

Rules on the assumptions for k

k=2 in case of calibration certificate without specification of confidence level
k=1 in the case of unspecified general data

83
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Notes:

Approach according to ISO 22514-7 — MS Analysis

* ucy from the calibration of the standard

“o
Incertitude de mesure (US5%) o 4 i 7y
Uncertainty of measurement (U35%) % 0.77um B A =l
Messunsicherheit (U95%) o T 2| \4 ¥ Y
a2 A,
Measurement uncertainty %
© J E
Deviation of the central length from nominal length =
1 = nominal length U=0,09 um « 0,9:10e-6:1
Deviation fo and fu from central length
(coverage factor k = 2) U =0,06 pm R - 3
Method Type B Measuring system documentation / calibration certificate
Known U,y and Ucar = 0.77um for k,, = 2(95%)
kp
Calculation Uca, = Ucar/kp = 0.77pm /2 = 0.385 pm
Uncertainty Ucar ucy, = 0.3853 um
Note U4, can be specified in the form of an equation

e.9. Ugso, = 0.02um + 0.2 - 1-107° (length | in um)
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85

Approach according to ISO 22514-7 — MS Analysis

ucy4; from the calibration of the standard

Erreur Maximum Accuracy of DIATEST setting rings (company standard): .2
Maxfmale Abweichung 2um 4
Maximum Error Max. deviation from nom. diameter 0.0009 mm 49 A
Max. concentricity error 0.0003 mm Y o
Gage Block Sets - ident no. 152 and 154 154 T K R
32 pcs/ grade 2 S A
Limit deviatiohs 6 the length 7, at any point and tolerances of vanation in length 1, to EN ISO 3650:1998, former DIN 861
calibration grade K grade 0 grada 1 grade 2 E
limit deviation: talerance limit deviations tolerance 1 limit deviations tolerance | limit deviations tolerance c '\E
nominal length of length at any for the of length at any for the of length at any for the of length at any for the £
range point from variation in variation in point from variation in point from variation in ==
. nominal length fangth length | nominal Ilength length nominal langth fenath
sty 4 et it 4 che 4
um pm um m ym m pm um
from O0S5upte 10 0.2 0,05 0,12 01 02 0,16 0,45 03
over 10 upto 25 03 0.05 0,14 o1 03 0,16 06 03
over 25 upto 50 04 0.06 02 01 04 0,18 08 03
over 50 upto 75 05 0,06 0,26 012 05 0,18 1 0,35
over 75 upto 100 06 0,07 03 0.2 06 02 1.2 035
Method Type B Measuring system documentation / calibration certificate
Known t, t,= 0.45um
Calculation Ucy, = b - t,= 0577 - 045 um = 0.26 pm

Uncertainty
Note

TQ017en_2021-07-01.pptx |Stephan Conrad| 2023-09-28

Ucar Ucy, = 0.26 pm

The descriptions might differ: Limit deviation, accuracy, deviations
from the central length, maximum deviation, ...
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86

Approach according to ISO 22514-7 — MS Analysis

Calculating uncertainty ugg from resolution RE

Resolution is determined...

in the manufacturer's specifica

by reading the indicated value.

through estimation.
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Approach according to ISO 22514-7 — MS Analysis

a=5um,
P >
30.09 30.095 30.10 30.105 30.11
RE =10 um

* Resolution RE = 10 um

 Limitoferrora=>RE=2-a=10um=a =%RE =5um

. . . 1
» A priori distribution: Rectangle = b = i 0.577 = 0.6
* Ugg=b-a=0,6-5um=3um
+ Standard measurement uncertainty Upg = 3um
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Notes:
Approach according to ISO 22514-7 — MS Analysis
* ugg from resolution
DSP PAR FlA F2V¥V RST
Method Type B Value indicated by the measuring instrument
Known RE RE =10 uym
Calculation Up = b-a=0.577 - 2RE
Uncertainty Uy Ugg = 2.89 um
Note In case of an analogue display, the resolution corresponds to the
scale marking.
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Approach according to ISO 22514-7 — MS Analysis

+ Calculate the uncertainty ugyz from repeatability EV
on the reference standard

* One single reference standard
* Take m = 30 repeated measurements and
» calculate s or ugyr (analogously to Booklet 10, procedure 1)

+ Several reference standards
+ Take m > 30 repeated measurements equally distributed and
» calculate s or ugyg

» Possible experiments and calculations
* Multiple procedure 1

« Take one V1 per normal and maximum ugyg

» Linear regression analysis according to VDA Volume 5
» calculate ugy from residual variation
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* ugyg from procedure 1

Approach according to ISO 22514-7 — MS Analysis

© Q-DAS GmbH - Training & Consulting - www.g-das.com

r g MSA Type-1 Study (Ex. 14)
é 1 *a+25g GC Type-1 Study (Ex. 14.1)
E 203107 Statistics
i 20.305_3 Xg = 2030348
= ] % 5g = 0.00466
& 20,300
z 1 IBi = Rg-Xml| = 0.0014800
; 20'295_: Tg-2ug Me= = 50
z B e e
0 10 20 30 40 50
Method Type A Procedure 1 C/Cy
Known Sg Sy = 4.66 um
Calculation Upyp = Sy = 4.66 um
Uncertainty Ugyr Ugyr = 4.66 um
Note When you measure the parts in the production process on site, you
measure each part once (n = 1).
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Approach according to ISO 22514-7 — MS Analysis

+ Calculate the uncertainty ug; from the
(not correctable) bias

1
Up; = ﬁ(f — Xm)

* x,, = reference value of the reference part

* One single reference standard

» Take m > 30 repeated measurements
(analogously to Booklet 10, procedure 1) and

+ calculate Bi and ug;.
* Several reference standards

* Apply procedure 1 to each standard
+ select maximum standard uncertainty ug,;
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Approach according to ISO 22514-7 — MS Analysis
* ug; from procedure 1
t { DD Jzgeas, MSA Type-1 Study (Ex. 14)
Ezu.:«w—: GC Type-1 Study (Ex. 14.1)
= : . Statistics
zaws] | _ i L - g = 2030348
= B% =] T T T T NG sg = 0.00465
& 20,300
B . |Bi = Fg-xm| = 0.0014800
= 202051 A _.
8 :_._|_|_|__|_| L T U UL L L | e Nem = 50
o 1IIJ ZIU 30 40 50
Method Type A Procedure 1 C¢/Cy
Known Bi Bi = 1.48um
Calculation ug;=b-a=0.577-Bi =0.577 - 1.48um = 0.854um
Uncertainty Un; ug, = 0.854pum
Note Other components (e.g. u ) might already include ug,.
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Notes:
Approach according to ISO 22514-7 — MS Analysis
* up; from manufacturer’s specification MT 2501 * S.Nr. 13434560E * Id.Nr. 329351-02
pormtomiotrn
A Fmayx: 0,13 pm
Method Type B Calibration certificate
Known A F o = 0.13pum
Calculation Ug; =b-a=0.577- Fmax = 0.577 - 0.13pm = 0.075pum
Uncertainty U ug; = 0.075pum
Note
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Approach according to ISO 22514-7 — MS Analysis

Modelling the measuring system

Ymus =Y + 0xcar + 8xXpy(ms) + 8xpr + 6xp iy + OXREsT(ms)

Combined standard uncertainty

R ) 2 2 2 2 2
Upys = \[uCAL + max(Ugyg, Ugg) + Up; + Upy + Uggsr(us)

Expanded measurement uncertainty

UMS = kp *Upys where kp =2

Evaluation of the measuring system
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Approach according to ISO 22514-7 — MS Analysis

+ Expanded measurement uncertainty

Uus = kp - uys where k,, = 2

+ Evaluation of the measuring system

» Capability ratio

U
Qus = —22.100% < 15%
+ Capability index r
= >1
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Notes:
Approach according to ISO 22514-7 — MP Analysis
* Modelling the measurement process:

Yup = Yms + (6xEV(MP) - 5xEV(MS)) + 6xay + 8x14
+ SxOB] + SxGV + axSTAB + 5x,9 + 6xREST(MP)

Analysis
Maasuring
System
(ms)

+ Combined standard uncertainty:

2 2 2 2
Uys + (uEV(MP) - uEV(MS)) + uyy

Upyp = 2 2 2 2 2 2
tuppy + Uiy + Usrap + Uy + UGy T Uppsrmp)

2 _ 2 2 2
* Where ugy ypy = max(Ugyo, Uzyr, UrE)

. Uiy, from repeatability on test parts
o uijp from repeatability on reference standards
. uig from the resolution of the indicating device
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Notes:
Approach according to ISO 22514-7 — MP Analysis
« Determine the uncertainty ugy,, from repeatability EV on test parts
* Plan the experiment
» Total of 2 30 measurements
from
* 22 repeated measurements
» 25 test parts (= 3 according to VDA Vol. 5)
» 22 operators (if relevant)
* 22 measuring systems (if relevant)
;:‘u::r;;n;nnt
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Excursus: Procedure 2 - %GRR

+ Several operators (typically 3)
measure several test parts (typically 10)
several times (typically twice) under repeatability conditions.

* In general, the measured values ...

» of each operator are

evenly spread around
a mean value 16,02
— repeatability EV

« of each operator vary
around their mean value
— reproducibility AV

Corpus diameter [nm] —
o =
8 8

§

o
w
~

» of each operator and

for each part vary around <
their mean value '
— interaction 1A
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Notes:
Approach according to ISO 22514-7 — MP Analysis
cu uyy and u;, from procedures 2 and 3
EVO» FAv 14 P Standard uncertainties/deviations
(with confidence interval)
ST e e T T e m—— EW  =0,02B720 £ 0,035940 < 0,048040
T Tt N —T e e e | e s Al av  =000000< 0,030200 < 021689
e R — — - 14 =D0,025388 £ 0,047263 £ 0,079959
required Cp value = reqCp = T “ ‘ GRR =D,UEEE'BE S 'I},DE»E»E'1 5 S UIZZEUZ
Repeatability & Reproducibility %GRR = 99.92% ; 1‘“ 3‘“ i NOTE.
S - o | I I =y Former calculation methods often provide statistics
- “: = = = EV, AV and IA as a multiple of s,
: ) . eg.EV=515"-s;,.
[ Toacem) - 3.997 TmngeRR) = 1332
Method Type A n operators measure k parts r times
Known Sgvo (Sav, Sra) Sgvo = 0.0359
Calculation Ugyo = Sgyo = 0.0359 pm
Uncertainty Ugyo (Uay, Ugg) Ugyp = 0.0359 um
Note Same approach for s, S;4 — Uy, Upa
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Approach according to ISO 22514-7 — MP Analysis

* Determine uncertainties based on the modified procedure 2

» 1 operator at 3 different times:
AV becomes STAB (stability)

+ 1 operator uses 3 measuring systems:
AV becomes GV (gage variation)

» 1 operators takes measurements from 3 different
points on the part: AV becomes 0B]
(influence from test part)

* Proposal according to VDA Volume 5:

Analysis based on a D-optimum experimental design
* Problem: Randomization of the experiment
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Approach according to ISO 22514-7 — MP Analysis

+ Calculate the uncertainty ugy from the

reproducibility of different measuring systems

* e.g. while using different (identically constructed)
measuring systems at the same time.

* Determine standard uncertainties from
+ an experiment DOE — D-optimum experimental design

* an experiment analogously to procedure 1

+ Observing min./max. values of the individuals and mean values
you measured for each reference part
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 Determine uncertainty uyg; from

» drawing (maximum permissible error)
» control chart (actual deviation)
« experiment (procedure 2, D-optimum DOE)
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Notes:
Approach according to ISO 22514-7 — MP Analysis
+ Calculate the uncertainty uy from
temperature difference
ug = [uby + 1y =
* Included components:
* Uncertainty urp from temperature difference between
test part and reference (value)
* Uncertainty ur, from expansion coefficients
* Uncertainty usy from temperature measurement
(not considered in this seminar) B
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Notes:
Approach according to ISO 22514-7 — MP Analysis

+ Calculate uncertainty urp from —=

temperature differences (ISO/TR 14253-2)

Analysis

AD - a-l =
Urp = M)
V3
* where
« A9 temperature difference
s« thermal expansion coefficient
o 1 result of the length measurement
Ml;:uwr:;n:nl
(MP)
104 TQ017en_2021-07-01.pptx |Stephan Conrad| 2023-09-28 © Q-DAS GmbH 2021 « Schutzvermerk ISO 16016 beachten « Refer to protection notice ISO 16016, (‘ ‘ HEXAGON
e —————

© Q-DAS GmbH - Training & Consulting - www.g-das.com 104



TQO17 - Determining Measurement Uncertainty 2023-09-28

Notes:
Approach according to ISO 22514-7 — MP Analysis

* Determine uncertainty ur, from —=

temperature differences (ISO 15530-3)

Analysis
Maasuring
System
(ms)

Urg = [9 —20°C| - ugy - 1

* where
LIV} average temperature in °C during the measurement
° U, standard uncertainty of the thermal expansion coefficient
e 1 result of the length measurement
e
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Notes:
Approach according to ISO 22514-7 — MP Analysis
* Modelling the measurement process

Yup = Yms + (5xEV(MP) - 5XEV(MS)) + 6xay + 8x14
+ axOB] + SxGV + 5xSTAB + 5x,9 + 6xREST(MP)

Analysis
Maasuring
System
(ms)

+ Combined standard uncertainty

2 2 2 2y _ 2 2
uys + max(Ugyo, Ugyr Ugp) — Ugyus) T Uiy

Upyp = 2 2 2 2 2 2
tuppy + Uiy + Usrap + Uy + UGy T Uppsrmp)

+ Expanded measurement uncertainty R

UMP = kp *Ump (Where kp = 2)
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Notes:

Approach according to ISO 22514-7 — MP Analysis

* Expanded measurement uncertainty =

UMP = kp *Ump where kp =2

Analysis
Maasuring
System
(ms)

+ Evaluation of the measuring system

+ Capability ratio U
Qup = —TMP -100% < 30%

+ Capability index

Measurement

> 1.33

C =
MP = 3
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Approach according to ISO 22514-7 — MPE

Capability analysis based on known MPE

* Instead of calculating uys,

you can apply the “maximum permissible error* MPE

+ Advantage: Interchangeable for identical measuring systems

+ Disadvantage: Often involves a higher uncertainty

+ Attention: Specified MPE has to be suitable
for the respective measurement task.

+ Example: The MPEp of a CMM cannot be applied to calculate
the measurement uncertainty of a measurement of flatness.
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Notes:

Approach according to ISO 22514-7 — MPE

+ Capability analysis based on known MPE

» Calculate uncertainty uypg from known MPE

Analysis
Maasuring
System
(ms)

1
uMPE=ﬁMPE

eeeeeee

+ The following equation applies in case of several MPE values:

1
UmpE = ﬁ . \/MPElz + 1\/IPE22 4o MPErZL

easurement
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Notes:

Approach according to ISO 22514-7 — MPE

* Modelling the measuring system / measurement process based on the MPE

Yus =Y + 8xypE

Ymup = Yus + 6xay + 8x14 + 6xpp; + Sxgy P

Measuring

+8xsrap + 06Xy + SXREST(MP) e

* Combined standard uncertainty MP

2 2 2 2 2 2 4 .2
_[umpr Uy T Uppy t Uyt UsTap T Uy Tt UGY

tmp = +u?
REST(MP)

+ Expanded measurement uncertainty

UMP = kp *Ump (Whel‘e kp = 2)
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Notes:

Approach according to ISO 22514-7 — MP Analysis

* Expanded measurement uncertainty =

UMP = kp *Upmp where kp =2

Analysis
Maasuring
System
(ms)

+ Evaluation of the measurement process

» Capability ratio

2.U
Qup = —TMP -100% < 30%

+ Capability index

)

> 1.33 o

Cup = 3
Upmp e
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Agenda

Requirements of International Standards, Basics and Philosophy
Terminology and Approach according to GUM

Approach according to Booklet 8 and GUM

Approach according to Booklet 8 and ISO 22514-7 (and VDA Volume 5)
I Brief Discussion about Capability Indices and Ratios Cyg, Cyp, Qus, Q

Measurement Uncertainty according to Booklet 8 Based on Booklet 10 and ISO 22514-
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Comparing Capability Ratio Q with Index C

* Decision on the capability is the same for Q and C when k,, = 2
* When k, > 2, the required Q exceeds C.

* When k, < 2, the required C exceeds Q.

* How capability ratio Q and index C relate to each other:

0.1
. =—.k
QMS Cums p

0.2
. =22k
Qump cup P
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Comparing Cys/Cyp and Cy/Cyy

* Be careful when you compare Cys or Cyp to C4

» The following changes seem to suggest themselves:
* 0.3T instead of 0,2T and

* 3s/6s instead of 4s
« But: You simply rewrite the formula when k,, = 2
* “Cys ! Cyp is based on 95.45% whereas C, is based on 99.73%."

* Cyi considers the bias but not in a way that is compliant with GUM
_0.1-T—|Bi|
. Cgk — T

* Cys/Cyp values according to ISO 22514-7 and C4/Cy based on procedure 1...

« are formally not comparable
» do not provide a statement about the same type of information
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Notes:
For Interested Parties only: From Qto C
2-Ump 2-Uys
© Qup =M 100% < 30% * Qus =25.100% < 15%
. ZMP <03 . M5 <015
T T
. EME <03 fork, =2 T <05 for ky =2
T T
0.3.T 0.15-T
. 0,3-T >1 . 0,15-T >1
4ump 4upms
- 2T .2>2=133 » 25712522133
4uyp 3 3 4upys 3 3
0.3:T 0.15-T
. = > 1. . >
Cup =53~ > 133 T2 133
« 2T >133
6‘U.M5
.« Cys =T > 133
‘UMS
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© Q-DAS GmbH - Training & Consulting - www.g-das.com

Comparing Qup and %GRR

» It is formally possible to convert Qup to %GRR
* When k, = 3, both statistics lead to the same decision
« Whenk, =2, Qup-max = 1.5 %GRRpmayx

* But:

* Qup according to 1ISO 22514-7 and %GRR based on procedures 2 and 3 do not provide a
statement about the same type of information.
* Qup includes all relevant influences of the measuring system and measurement process; it is

based on a 95.45% confidence level.

*  %GRR only includes the components EV, AV and /A and is based on a 99.73% confidence level.
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Notes:

Agenda

Requirements of International Standards, Basics and Philosophy
Terminology and Approach according to GUM

Approach according to Booklet 8 and GUM

Approach according to Booklet 8 and ISO 22514-7 (and VDA Volume 5)
Brief Discussion about Capability Indices and Ratios Cys, Cyp, Qus, Q

I Measurement Uncertainty according to Booklet 8 Based on Booklet 10 and ISO 22514-
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7

+ Capability analyses according to Booklet 10 determine different variance components.
* These components are often associated with more than a single influence quantity.

» The specification of variance components according to Booklet 10 does often not comply with
GUM.

* The variance components include measurement uncertainty components.

+ Target: You determine the expanded measurement uncertainty from the variance components as
given in Booklet 10, procedures 1-5.

4
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7

*  Where can you find the required uncertainty components?

* Measuring system
* Ucq calibration certificate of the applied measurement standard

* ugys) Procedure 1: Measuring system variation (minor influences)
procedure 5: Measuring system variation (many influences)

* Ug; procedure 1: Bias (minor influences)
procedure 5: Mean deviation of measured values using a
calibrated standard or reference part (many influences)

*  uggst(ms) Procedure 5: Any other influences not caused by serial parts

* |t does not include

* Un deviations from linearity (procedure 4 does not evaluate the
kind of linearity deviation we are referring to in this case!)
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Uncertainty Based on Booklet 10 & ISO 22514-7

*  Where can you find the required uncertainty components?

* Measurement process
* ugyp) Procedures 1 and 2/3: Influence from serial parts

Ugy procedure 2: Operator influence (minor influences)
procedure 5: Different operators (many influences)

Ua procedure 2: Interactions between serial parts

ustap  Procedure 5: Long-term stability
* Uy procedure 5: Changes in temperature and settings

* It does not include:
Upp)] deviations caused by test part inhomogeneity

procedure 5: Interactions caused by influences other than serial parts

Ugy: deviations caused by comparable measuring systems
UREST(MP) deviations caused by other measurement process influences
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Notes:
Uncertainty Based on Booklet 10 & ISO 22514-7
* Modelling the measurement process
yup =Y + 8xcar + Oxp; + 8xpro + 6Xpar + Oxpxy

* Including the following influences:
* Oxc4,  influence from the calibration of the standard or reference part
* Oxp; influence from uncorrected bias
* Oxpro Influences from measurement procedure
* Oxpyr Influences from serial parts
* Oxgxr further influences, if relevant (extra)
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7
» Standard uncertainties:

*  Ucyu, Upr @s known from previous slides

* (Combined) standard uncertainty from the measurement procedure

_ |2 2 2 2 2 2
Upro = \[ Upyms) T UresT(ms) T Wav T Ujacr) T Ustap T Uy

* (Combined) standard uncertainty from serial parts

_ |2 2 ~ ./
Upar = \[uEV(MP) ~Ugyms) EV? —s?

* (Combined) standard uncertainty from other influences

— [,2 2 2 2 2
UpxT = \/ Upy T Uopy T Wia) + Uy t Urpsr(mp)
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Uncertainty Based on Booklet 10 & ISO 22514-7

« Standard uncertainty from calibration:
* As known from previous slides

_ UcaL
Uear = 7

» with Ug4; and kp given in calibration certificate

» Standard uncertainty from bias

* U =Xm — X

+ Unmodified(!) difference between the correct value and mean value of the stability chart
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7

* (Combined) standard uncertainty from the measurement procedure

+ Stability chart includes all influences.

» Uncertainty refers to the dispersion of individuals as given in procedure 5

1 m
= [ — )2
Upro m—1 Z(xk x)
k=1
« Atleast m = 25 measured values have to be available.

4
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Uncertainty Based on Booklet 10 & ISO 22514-7

* (Combined) standard uncertainty from serial parts

* Obtained by comparing procedure 1 to procedures 2/3.
* Procedure 1: Variation s without influence from serial parts

* Procedure 2: Variation EV including influence from serial parts

 F-test: Variation is significant when EV? > 2s?

* upyr is only considered if the F-test is significant

Upar = V EV2 — 52

* Note: Test applies to a confidence level of 95% and 20-30 measurements.
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7

* (Combined) standard uncertainty from other influence components
* These influences cannot be determined according to Booklet 10, procedures 1-5

* You have to calculate them — if required — based on the methods described in ISO 22514-7

— |2 2 2 2 2
UpxT = \/ upv t Uppy + Upaz) T Uey t Urgstmp)

4
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Notes:

Uncertainty Based on Booklet 10 & ISO 22514-7

Modelling the measurement process

yup =Y' + 6car + Op; + 8xpro + 6Xpar + Opxr

+ Combined standard measurement uncertainty u,

_ |2 2 2 2 2
Ue = \[ Ugar T Upy + Uppo T Upar T UpxT

+ Expanded measurement uncertainty
U= kp *Uc

+ where k, = 2 for a 95.45% level of confidence

+ Complete measurement result
y=y'ztU

4
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Questions?

4
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Thank you for

your attention

© Q-DAS GmbH - Training & Consulting - www.g-das.com
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