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1. Introduction

QOMSys GUM Software products are comprehensive tools for analysis of the measurement uncertainty of
physical measurements, chemical analyses and calibrations. Whether you are a scientist, metrologist, design
engineer, production engineer, test engineer or anyone dealing with measurement accuracy, you need to
know only the information that falls within your technical specialty. Our products are the ultimate assistant
to your practice, refining it with proven professionalism and reliability. QMSys GUM Software furnishes the
statistical analysis, while you furnish the technical knowledge.

The software complies with numerous international guidelines and standards. Some of the most recognized
ones are:

1SO/1EC Guide 98-3:2008 (GUM:1995) Guide to the expression of uncertainty in measurement
ISO/IEC Guide 98-3:2008/Suppl. 1:2008 Supplement 1 to the "GUM" - Propagation of
distributions using a Monte-Carlo method

ANSI/NCSL Z540.2 U.S. Guide to the Expression of Uncertainty in Measurement

EA-4/02 Expression of the Uncertainty of Measurement in Calibration

DAKKkS-DKD-3 Expression of the Uncertainty of Measurement in Calibration

UKAS M3003 Expression of Uncertainty and Confidence in Measurement

EURACHEM/CITAC Guide CG 4 Quantifying Uncertainty in Analytical Measurement

VDA Band 5 Measuring Process Suitability

ASME PTC 19.1-2005 Test Uncertainty

1SO 14253-1 - Decision rules for proving conformance or non-conformance with specifications
ANSI B89.7.3.1 - Guidelines for decision rules: Considering measurement uncertainty in
determining conformance to specifications

EURACHEM - Use of uncertainty information in compliance assessment ISO/IEC/EN 17025

The software uses three different methods to calculate the measurement uncertainty:

GUF Method for linear models - this method is applied to linear and quasi-linear models and
corresponds to GUM Uncertainty Framework. The software calculates the partial derivatives (the first
term of a Taylor series) to determine the sensitivity coefficients of the equivalent linear model and
then calculates the combined standard uncertainty in accordance with the Gaussian error
propagation law.

GUF Method for nonlinear models - this method is provided for nonlinear models with
symmetric distribution of the result quantities. In this method, a series of numerical methods are
used — e.g. nonlinear sensitivity analysis, second and third order sensitivity indices, quasi-Monte
Carlo with Sobol sequences. The additional influences, such as non-linear relationships, correlations,
distribution type or interaction of the input quantities, are also taken into account when calculating
the uncertainty contributions. The results obtained with this method coincide with the analytical
method remarkably closely.

Monte-Carlo Method - this method is described in the first supplement to GUM and it is the only
appropriate method for many calculations of the uncertainty, since the equations of the model are
often not linear. In the Monte Carlo technique, a suitable distribution is attributed to each input
quantity. From these distributions, a "random value" for each is simulated and a value of the target
quantity is calculated from this set of input data. This procedure is repeated many times, so that a
set of data are obtained for the result quantity, which represents a random sample from the
"potential" values of the result quantity as a function of variations in the input quantities according
to their distribution. The mean value and the standard deviation of this random sample are
estimates for the value of the result quantity and its standard uncertainty. In order to achieve
reliable estimates, a high number of replicates are necessary - usually from 2x10° up to 10°. The
Monte Carlo technique, however, provides far more than an estimate for the result quantity and its
standard uncertainty, namely: an estimated distribution of the result quantity and a realistic
coverage interval.

Using these methods the OMSys GUM Software offers plausible and accurate calculation of the
measurement uncertainty for virtually all types of measurements:

linear and nonlinear models
symmetric and asymmetric distributions of the result quantities
correlated input variables with arbitrary probability distribution
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A special algorithm for generation of correlated values for specified probability distributions is developed and
implemented in the program in order to ensure the accuracy and validity of the results even in cases, that
are not described in GUM and GUM Supplement 1:

e Correlated non-normally (non Gaussian) distributed input quantities

e Correlated input quantities with finite degrees of freedom

¢ Nonlinear models with more than two correlated input quantities with arbitrary distribution.

The program supports the systematic procedure in building an uncertainty analysis, as requested in the
corresponding standards and guides. This process consists of the following basic steps:
e Creation of mathematical model, which describes the relationship between the quantities in the
respective measurement
e Analysis of the required information as the standard measurement uncertainty or the distribution of
values of input quantities
e Entry of the observations
e Determination of the correlation coefficient between the input quantities
e Analysis of the model and selecting the appropriate method for calculating the measurement
uncertainty
e Calculation of the measurement uncertainty and preparation of the measurement uncertainty budget
e Validation of the results — estimate, combined uncertainty and coverage interval (expanded
uncertainty)

The computation examples in the documents GUM, GUM Supplement 1, EA-4/02, DAkkS-DKD-3 and
EURACHEM/CITAC Guide CG 4 are added to the software package as example models that can be
analyzed with the program.

The result of the evaluation is a clearly structured measurement uncertainty budget in a table form. This
table holds all used quantities with their quantity names and values, the associated standard uncertainty and
effective degrees of freedom, the sensitivity coefficient automatically derived from the model equation and
the contribution to the standard uncertainty of the result of the measurement. Finally, the complete result of
the examination is presented as a value with associated expanded uncertainty and automatically or manually
selected coverage factor.

The Monte Carlo method displays a histogram, statistical parameters of the estimated distribution of the
result quantities and validation of the results. For result quantities with asymmetric distribution, the program
estimates the shortest coverage interval, the asymmetric expanded measurement uncertainty and
asymmetric coverage factor.

The summary budget offers the following additional analysis:
e Correlation analysis of the result quantities
e Regression analysis and calculation of the equation of the expanded measurement uncertainty for a
certain measurement range.

The result of the uncertainty analysis together with all input data can be printed with the help of
configurable templates as a report. All input texts are part of the printout and are used for documentation
purposes.

Each analysis can be completely saved in a file with a selectable name. In this way, the examination is
available at any time for a later review or editing. Each saved analysis can be used as a starting point for
new uncertainty analyses using the same model, but with new and changed data.

Validation of the QMSys GUM Software

OMSys GUM Software is a standard application that offers the possibility for the user to freely enter or
modify the model equation. With this feature, the application can be used to evaluate almost any
measurement process. Therefore, a general validation by Qualisyst Ltd. for all possible purposes is not
possible. The correct calculation can be verified with the help of the examples from the official regulations
and guidelines (GUM, Supplement 1 to the GUM, EA-4/02, DAKkS-DKD-3 and EURACHEM/CITAC
Guide CG 4), which are part of the installation. These documents are available for free downloading. The
results of the validation of the GUM QMSys software are shown in the tables in Appendix A.
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2. Editions of the QMSys GUM Software

e GUM Enterprise provides the highest-precision analysis of the measurement uncertainty for all types of

measurements

e GUM Professional offers accurate analysis of measurement uncertainty for linear and nonlinear models
with symmetric or asymmetric distribution of the output quantities
e GUM Standard offers calculation of measurement uncertainty for linear and nonlinear models with

symmetric distribution of the output quantities

The functionality of the different versions is shown in the following tables:

Key Features

Function GUM Enterprise |GUM Professional | GUM Standard
Modelling the measurement Yes
Several output quantities Yes
Expert analysis Yes
GUM Method for linear models (GUF) Yes
GUM Method for nonlinear models (GUF-NL) Yes
Monte-Carlo Method Yes | No
Calculation of nonlinear uncertainty contributions Yes
Suitable for linear and quasi-linear models Yes

Suitable for non-linear models

Yes, symmetric and asymmetric Yes, symmetric
distribution of the output quantities output guantities

Proof of capability and compliance assessment

Yes, several capability indexes and decision rules

Uncertainty budget Yes

Extended analysis of several output quantities Yes | No
Reports and export Yes

Server - version Yes, concurrent user licenses, unlimited number of all users
Portable version on a USB memory stick Yes

Modelling of the measurement process

Function

GUM Enterprise |GUM Professional| GUM Standard

Free definable model equation Yes

Number of the input and output quantities unlimited

Measurement units catalogue Yes

Correlation matrix of the input variables Yes

Validation of the correlation matrix Yes

Optimizing of the correlation matrix Yes | No
Type A Input Quantities Yes

Method of Observation

« Direct - individual values or group values
e Indirect - free definable measurement cycles

Number of observations unlimited
Data import via clipboard Yes
Import from Microsoft Excel - files Yes | No

Determining of the standard uncertainty

* Experimental or a pooled estimate

¢ Normal or t-distribution

 Standard uncertainty or standard deviation

¢ Bayesian standard uncertainty with t-distribution

Correlation analysis of the observations Yes
Statistical analysis, histogram Yes
Type B Input Quantities Yes

Estimate of the uncertainty

¢ Expanded uncertainty with normal or t-distribution
e Standard uncertainty with normal or t-distribution
e Error limits with rectangular distribution

¢ Probability distribution

Probability distributions

e Normal distribution
o t-distribution

e Log-normal distribution

¢ Rectangular distribution

e Triangle distribution » Trapezoidal distribution

¢ U-shaped distribution e Curvilinear trapezoidal distribution
 Exponential distribution e Square distribution

e Cosine distribution » Half-Cosine distribution

Entering the distribution parameters

« Value and standard uncertainty
« Value and half-width of the distribution area
e Lower and upper limits

Relative uncertainty error

Entered in %, calculating the degrees of freedom acc. to GUM, G.3

Import from Microsoft Excel - files

Yes | No
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Expert Analysis

Function

GUM Enterprise |GUM Professional| GUM Standard

Linearity test

Yes, calculated in six points for each input variable

Validation of the results

Yes, value and combined standard uncertainty

Analysis of the probability distribution of the output
quantities

Yes, symmetry and type of the probability distribution

Checking for correlated input quantities with a finite

Yes
degree of freedom
Checking for non-linear correlated input quantities Yes
Checking for non-linear non-normally distributed input Yes

quantities

Methods for calculation of the measurement uncertainty

Function GUM Enterprise |GUM Professional | GUM Standard
GUM Method for linear models (GUF) Yes
Calculation of sensitivity coefficients Yes
Calculation of the effective degrees of freedom Yes

Calculation of the expansion factor for any coverage
probability

o t-distribution
e Triangle distribution
¢ Other symmetric distributions

¢ Normal distribution
¢ Rectangular distribution
» Trapezoidal distribution

Expanded uncertainty Yes
Validation of the GUF Method Yes ves, in _the.expert
analysis window

GUM Method for nonlinear models (GUF-NL) Yes

Non-linear sensitivity analysis Yes

Sensitivity indices of higher order

Yes, up to 3rd order | Yes, 2nd order

Calculation for correlated input variables

Yes, all distribution types

Calculation of the effective degrees of freedom

Yes, even for correlated input variables

Calculation of the expansion factor for any coverage
probability

¢ Normal distribution o t-distribution
 Rectangular distribution e Triangle distribution
e Trapezoidal distribution ¢ Other symmetric distributions

Expanded uncertainty, coverage interval Yes
Validation of the GUF-NL Method Yes No
Monte-Carlo Method Yes No
Number of simulations 10 to 108 10% to 10° -
CMWC4096,

Random number generators*

Mersenne Twister,

enh. Wichmann/Hill enh. Wichmann/Hill -

Adaptive Monte-Carlo Procedure Yes No -
Calculation for correlated input variables Yes, all distribution types -
Validation of the Monte-Carlo method Yes No -
Recognition of the distribution of the resulting values Yes No -

Expanded uncertainty, coverage interval

Yes, even for asymmetric distributions -

* Period: CMWC4096 by Dr. Marsaglia - 6,58*10°%%" ; Mersenne Twister - 4,32*10%%°! ; verb. Wichmann/Hill - 2,63*10%

Evaluation of the results

Function GUM Enterprise | GUM Professional | GUM Standard
Uncertainty budget Yes
Sensitivity, relative contribution and Pareto diagram Yes
Statistical analysis of the resulting quantities Yes No
Statistical analysis of the input quantities Yes | No Nein

Proof of capability

Yes, several capability indexes

Compliance assessment

Yes, multiple decision rules, graphic of the conformity zones

Documentation fields Yes
Inclusion of images and graphics Yes
Extended Analysis of Several Output Quantities Yes No
Summary table of the resulting quantities Yes -
Regression analysis - calculation of the equation of Y
: - es -
measurement uncertainty for a particular range
Correlation analysis of the resulting quantities Yes -
Print and Export Yes
Custom templates Yes
Export to clipboard Yes
Export to Microsoft Excel Yes No
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3. Advantages of the QMSys GUM Software

The GUM QMSys software is the only specialized software for uncertainty analysis, which offers the following
functionalities:

Plausible and accurate calculation of measurement uncertainty for practically all types of measurements:
- linear and nonlinear models

- symmetric and asymmetric distributions of the result quantities

- correlated input quantities with non-normal probability distribution

Consistency of the results with the reference samples in GUM, Supplement 1 to the GUM, EA-4/02,
DAkkS-DKD-3, EURACHEM/CITAC Guide CG 4 and other standards and guidelines

Three different methods to analyse the measurement uncertainty:

- GUF method for linear and quasi-linear models

- GUF method for nonlinear models with symmetric distribution of the result quantities
- Monte-Carlo method for practically all models

The largest number of probability distributions for input variables

User-definable measurement cycles for input quantities of type A

Multiple ways to enter parameters of the probability distribution for input quantities of type B:
- Value and standard deviation or standard uncertainty

- Value and half-width of the limits of the distribution interval

- Limits of the distribution interval

Definition of the relative uncertainty of the estimate of the measurement uncertainty for input quantities
of type B and calculating the degrees of freedom

Any coverage probability of the result quantities, not just 95%

Expert analysis of the model that examines the conditions for the application of each method and
determines the appropriate methods for the calculation of measurement uncertainty

Calculation of the uncertainty contributions with the GEF-NL method for nonlinear models for:
- non-linear relationships between input quantities and result quantities
- simultaneous interaction of multiple input quantities

The best random number generators for carrying out the Monte-Carlo simulations - CMWC4096
(Complementary-Multiply-With-Carry) by Dr. Marsaglia and Matsumoto's Mersenne Twister

Monte-Carlo simulations also for models with correlations between non-normally distributed input
quantities

Automatic fitting of the probability distribution of the result guantities and calculation of the distribution
parameters from the Monte-Carlo simulations

Automatic calculation of the coverage factor of the result guantities for the selected probability
distribution and the specified coverage probability

Validation of the results of the Monte-Carlo method
Validation of the results of the GUF method with the help of the Monte-Carlo method

Calculating the expanded uncertainty for asymmetric distribution of the result quantities

Proof of capability and compliance assessment with several decision rules acc. to ISO 14253-1, ANSI B89.7.3.1

Regression analysis and calculation of the equation of the expanded uncertainty for a particular range

Complete information on the sources of uncertainty and a better understanding of the measurement
process

Approaches for optimization of the measurement procedures and minimizing the uncertainty of new and
existing measurement processes

The user can create new or adapt existing templates for the uncertainty reports by using a text editor like
Microsoft Word®

30-day trial period for all editions of the QMSys GUM software.
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4. Software Description

The graphical user interface of the QMSys GUM software is based on several views, which are further structured by
dialog pages. The title of the project and the settings for the methods for calculating the measurement uncertainty
are entered in the upper range of the program window.

The following data are positioned on separate views:
e Main data - the registers Description, Model and Total budget are available. By selecting the different
registers, the corresponding data can be viewed or edited.
e Observation - this view processes the values of type A quantities.
e Correlations — known correlations between the input quantities are entered in a matrix of correlation
coefficients.
e Expert analysis - the software performs an advanced analysis of the model and determines the

appropriate methods for the following calculation of the uncertainties.
e Budget — this view presents the results of the analysis.

The program menu and the toolbar provide specific functions for the selected view.

E Model Edit Functions Help - ﬁ - ﬂ ﬂ . . \i'=x Mh \{ % é. - % n 7 k‘

‘“I Mame: ‘calibration of a dial gauge in accordance with DIN 676
Q Method: [+] GUF [ L Monte-Carlo Adaptive Talerance: Trials | cycle Trials: |:|x103 { Minimurn brisls: 219,8x10% )
m Mzin data [buial v 10 [E] iU @ = == Axx O PRI T
Description [Calibration task
Y~ Determine deviation span and measurement uncertainty for the calibration of a dial gauge in accordance with DIMN 878 (object to be calibrated).
Model 5 i
: Information on the object to be calibrated
Dial gauge in accordance with DIM 878, measuring span 10 mm, scale interval 0,01 mm
m Information on standard measuring equipment/calibration equipment
E Calibrated testing equipment for dial gauges with incremental displacement measuring system sering as length standard. Numerical interval of display 0,1 pm
QJ The test set-up is shown in Figure B1. The dial gauge to be calibrated and the displacement measuring system are aligned in a test rig according to the Abbe principle
k in such a manner that their plungers touch the top and bottom, respectively, of the shifting device. The direction of motion of the plungers is taken into account by
: selecting the appropriate sign at the display device.
m Budaget
m GUF Object to be calibrated
m Monte-Karlo
g L ' ({\\_//\\f\/\
b [\/!\{:englh of plunger of dial gauge
Le - m Ly length of plunger of incremental displacement measuring
: h system of standard measuring equipment
Lz length of shifting elements of standard measuring equip-
m Test rig ment
Ly Lz length of test rig (effective length)
t, average ambient temperature
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4.1. Modelling the measurement process
4.1.1. Register Description

In the Description register page, a general description of the measurement task can be entered. This data
are used for informational purposes and is part of the printout.

Images can be paste from the clipboard or with the Insert object button in the toolbar. Other objects (files)
can also be imported and saved in the file of the uncertainty analysis. Double click on the inserted object will
start the appropriate program to view or edit the object.

— RMSys
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4.1.2. Register Model

The dialog page Mode/ in the view Main data holds the mathematical model of the uncertainty analysis
and the specification data of all quantities.

In the upper field on this page, the user enters the equations of the mathematical model. The model
equations are the starting point for all subsequent calculations by the software. It is always possible to insert
new quantities into the equation, and to rename or to delete existing quantities. Additional functions are
available in a toolbar above the equation field.

-~ - .
E Model Edt Functions Help - ! - ﬂ ﬂ y
Mame: ‘calibration of a dial gauge in accordance with DIN 878
Method: [#] GUF  [JNL Monke-Carlo Adaptive Tolerance: Trials f cycle (10000 % Trials: |:|><103 { Minimurn brisls: 219,8x103 )
Main data |Aria| v ” 10 f‘l BJ7 U Ax*x, Q Ff Q@
EITCITCRTE
Model Gy = In* (o - an)*(trm - to) + (In * (o + o) - (L " an + L"ox + Le * ag))” 6t + Ls*as Ots
] Blo =Bl + Bl
Quankity (20} [ Name |Inf|uence of standard
Iy Tvpe |Typa B e Unit |mm o] |oa | Uncert, unit |um s Factor 10E-3
| =
Exp. analysis _ Uncertainty estimate [Probability distribution vl 2,275 % 3 97,725 %
3l Distribution |Mormal vl
S Ldoe hy
Buaget dlg Value 0/mm
GUF ay Stand. deviation 0,00026 | mm
WManke Karlo aw Coverage probability 95,45 | %
b Coverage Factar Z,00
t
oy
Ly
T Haap am,a+,p
Ly
Lg ] Import From Ms Excel
a |
at [
Ls R &) 10,5203 0.0 0,52x10°3
as
dts rial vl wn||BJTUIEIE = iz Aax®x | 8B & B/ (™00
dlgg
a gy
=
=
=
o
=
=
w
=
|
L]
wn
=
E
=
(=] QUM Enterprise 48\Examples\EA 4-021YDI_2618-1-2,gmF |§E GB
=

When a model equation is more complex and contains a large number of input quantities, it is advisable to
split it into smaller parts by introducing interim results, and thereby to make it easier to understand.

After a new entry or a change in the mathematical model, the syntax of the equations is checked and the list
of quantities is rebuilt or updated. The current data of the selected quantity are displayed to the right and
may be edited. The following table provides an overview of the different quantity types.

Type

Description

Comment

Result

Measurand

This type identifies the output quantity and is
set automatically by the program.

Interim result

Internal measurand

The program sets this type automatically.
Switching to the type "Result" is possible.

Type A Repeatedly observed The value and the standard uncertainty of the quantity
quantity are evaluated by using statistical analysis of
measurement series. Optionally an estimate of the
standard uncertainty can be specified.
Type B Not-repeatedly The value and the standard uncertainty of the quantity
observed quantity are evaluated using means other than statistical
analysis of measurement series. For these quantities,
the appropriate distribution is selected and
parameterized.
Constant Mathematical constant | For mathematical constants without uncertainty, only

the value can be entered.




and measurement software

— RIS ys

GUM Enterprise / Professional / Standard

The following diagram shows the different quantity types with their respective subtypes.

Quantity

Result quantity

Type A input quantity

Type B input quantity

Probability distribution

- Normal distribution

- t- distribution

- Rectangular distribution

- Triangle distribution

- Trapezoidal distribution

- Symm. mixed distribution
- Asymmetric distribution

Expanded uncertainty
- Absolute

- Relative

- Relative in %

- Relative in ppm

Proof of capability

- Cm (JCGM 106)

- TUR, TAR (NCSL)

- Gmp, Gms (VDA Band 5)

Compliance assessment
- Decision rules acc. to

Method of Observation
- Direct
- Indirect

Probability distribution
- Normal distribution
- t- distribution

Standard uncertainty
- Experimental

- Pooled estimate

- Standard uncertainty
- Standard deviation

- Bayesian statistic

Import from MS Excel
- Observations
- Statistical parameters

Import of measured values via

clipboard

Uncertainty estimate

- Expanded uncertainty
- Standard uncertainty
- Error limits

- Probability distribution

Probability distribution

- Normal distribution

- Log. normal distribution
- t- distribution

- Rectangular distribution
- Triangle distribution

- Trapezoidal distribution
- Curvilinear trap. distribution
- Square distribution

- U-shaped distribution

- Cosine distribution

- Half-Cosine distribution
- Exponential distribution

Import from MS Excel

ISO 14253-1, ANSI B89.7.3.1

- %P inside / outside the
specification limits

Interim result

Constant

A basic unit of the quantity value and additional unit for the measurement uncertainty can be assigned to
every quantity in the model. The program provides an adequate database with SI units and some other
commonly used units outside the SI. New custom measurement dimensions and units can be added to the

database.
|tsial v or||B 7 U|l Ax*x |0 Ff )i
Vi =V + 0Vig + 8Vig + 8VR + 8V + (t - tx) / Cx - Btox / Cio
ti=ts + Cs* OVis1 + Cs™ 0Visz + Cs™ 0VR - (Cs/ Csn) * Otos + Ots + Otp + OtF
Quantity (207 I Marne [emf of the thermocouple to be calibrated
_ Type |Result v| Lnik ||.1\1|I b || Uncert. unit |p e Factor L
¥ix
B¥ixy Measurement units B X
iz U | Quantities | it Description alue in ST units -~
avR Crvniamic viscosity Pa.s Pascal second -
¥ Dryniamic viscosity P Poise, IP=0.1Pa.s 1P=0.1Pas
£ Electric capacitance F Farad
t Electric charge density i Coulomb per cubic meter
Cx Electric charge, amount of electricity C Coulomb
Bto; Elactric charge, amaunt of electricity alth Armpere per hour
Can Electric current A Amnpere
ts Electric field strength Wim Wolt per meter
Cs Electric Flux density Cime Coulomb per square meter
isy Electric patential, voltage Wolt
a¥is2 .4
Cso Fiker | Al v| | Osteiga)  Ohihecto)  Odided) (&) p {micro)
dtos O M (Maga) O dafdecay O c (centi) ) n {nanod
dtg O kikia) (@)= Ommiiy O pipico)
atr
8t w(tooE®) [ ok | [ conel |
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systems and measurement processes:

4.2. Proof of Capability and Compliance Assessment

The basic approach is to set the uncertainty in relation to the tested tolerance and to use this relation as an
evaluation criterion. The program offers several capability indexes for evaluating the capability of measuring

Reference

Capability Index

JCGM 106

Cm (Measurement capability index)

NCSL Glossary of Metrology related Terms

TUR (Test Uncertainty Ratio)
TAR (Test Accuracy Ratio)

VDA Volume 5

Gmp (Measurement process capability)
Gms (Measuring system capability)

In order to classify measuring systems and processes, the software calculates the minimum tolerance, at
which the measuring system or the measurement process is currently still capable.

Quantity (5) I¢ Mame |[conventional mass of the unknaown
Type [Result V| Unit: g e |

Uncert, unit |rg w Fackaor 10E-3

m
5 5 < Probability distribution ~ Calculation of tolerance & For GUF/MCM walidation

Ul s]
3m () sukomatic distribution detection () Number of significant digits z*
dme (&) Select Mormal distribution v | () Percentage of comb, uncertainty 5,0
aB Coverage probability 95,43 % | ~Proof of capability and compliance assessment

Coverage Factor z,00

Proof of capability

Tolerance or distribution interval 1lg

<~ Farmak

Capability index-Limit value [Cm (10GM 1061 |+

Exp. uncert, |Absolute

w | Compliance assessment

[] 5pec. Format

Type of tolerance | Two-sided W

0, %44

Lower specification limit 99995 (g
Upper specificatian limit 10000,5(q
Decision rule |Stringent Acceptance - Skringenk Rejection w |

The software offers several decision rules for compliance assessment of the measurement results in
accordance with the standards ISO 14253-1, ANSI B89.7.3.1 and other guides:

Decision Rule

Acceptance, Rejection and Uncertainty Zones *

and measurement software

Stringent Acceptance - Stringent Rejection
(Standard rule acc. to ISO 14253-1,
ANSI B89.7.3.1, VDA Volume 5)

LEL U+l LSL

H

LEL-U LSL+U LSLL LS+

Simple Acceptance - Simple Rejection
(Measurement uncertainty is not taken into
account when determining the acceptance
and rejection zones)

L3L Uy o+l LISL

!

Stringent Acceptance - Relaxed Rejection
(higher cost of accepting a nonconforming
product and lower product costs)

LSL Uy 4 LsL

!

LIS+ LSL-U

Relaxed Acceptance - Stringent Rejection
(higher product costs and lower cost of
accepting a nonconforming product)

L5l Uy +U UsL

H

LU LSL+

Stringent Acceptance - Simple Rejection
(medium cost of accepting a nonconforming
product and lower product costs)

L5L Uy +U LsL

!

LS+ LIEL-U

Simple Acceptance - Stringent Rejection
(medium product costs and lower cost of
accepting a nonconforming product)

LsL U+ LISL

H

LSL-U LISL+H

| or outside the specification limits.

*LSL — lower specification limit, USL — upper specification limit, y — result, U — expanded MU.

For a better estimate of the conformity, the software calculates the actual probability that the result is inside

10
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4.3. Entering and Import of Observation Data

The view Observation processes the values of repeatedly observed quantities. The data is typed into a
table, the structure of which depends on the method of observation. All readings and observations must be
given in the same unit, as the one entered for the quantity value. If the model uses several type A
quantities, the observed quantity can be selected at the upper border of the window.

[~ B, " O S (T = " . . N -
&% Model Edit Functions Help . = -l .J- { !El= =4 ‘\. ||The correlations matrix is not positive semi-definite
=
Mare: .2 Simultaneous resistance and reactance measurement X % X3
Method: [#] GUE ] ML ] Monte-Carlo % 1
Main data B E.'. N\ | |The correlations matrix is positive semi-definite, Xz o7 1
Description ¥ I P X | m 1
’
o -0,3553 1
Total budget T =
L] | 0,8576 | -0,6451 ! E_ =4 ||The correlations mattix is positive semi-definite,
/ Correlations X1 1
Exp. analysis %2 0,67 L
X | 003 1
et

2 Mode! Functions Help - "ﬁ' - E{ 'ﬁf : . 1"=x MS\ \{
Mame: |Calibration of aweight of nominal value 10Kg |
Method: [v] GUF [ ML [¥] Monte-Carla  [+] adaptive Tolerance: Trials | cycle Trials:l:lxlﬂ3 { Minimurn trials: 219,8x10% )
Main data |
Description Mame |observed difference in mass between the unknown mass and the standard
o] Method Tndirect Urit g [N X | % o B9 | il 38
Mo. | Explanation Reading Observation =33 7 +35
standard 0,010 i
m Observation unknawn 0,020 72
\ unknown 0,025 p Lz
m standard 0,015 0,010 63
. 2 standard 0,025 ]
3
unknown 0,050 ? E .
H‘: Budget unknawn oz g 45 5
standard 0,020 0,030 § b §
Q GUF 3 standard 0,025 E a6 . =
m Monte-Karlo unknown 0,045 T ] E
~ unknown 0,040 & 27 o
: skandard 0,020 0,020 18 3
) 2]
S B : |
] o T i e et S 1
Q) E - 0,0 0,010 0,020 0,030 0,040 0,050
k E Mumber of values 3 |Mean value 0,0200 |Skewness 0,000
: E Minirnum 0,0100 |Yariance 0,000100  Kurtosis -1,500
m 5 Maximurm 0,0300 |Stand. deviakion 0,0100 |Test value {K-5-L) 0,000
m E Median 0,0200 |Stand. uncertainty 0,00577 | Critical walue {9954 0,000
m E Range 0,0200 |Bayesian stand, uncertaint --- |Mormal distribution {99%:) Yes
=
E (&8 C:\OGUM Enterprise 48\Examples\EA 4-021\EA4-52-Calibration of a weight of nominal value 10 kg.gmf EE GE
k] The data for an observed quantity of type A can be imported from the clipboard. The software editions
% GUM Enterprise and GUM Professional offers also import of measured values from a Microsoft Excel®

file. The data are read in, checked and inserted in the observation table.

When valid data for all observations (or readings) have been entered, statistical information including mean
value, standard deviation, standard uncertainty and Histogram of the data will be displayed.

4.4. Analysis and Entering of Correlations between the Input Quantities

In the Correlations page, known correlations between the input quantities are entered in a matrix of
correlation coefficients. The input quantities of type A can be analysed for possible correlation between
measurands. Further input quantities can be inserted in the correlation matrix.

The software checks automatically if the correlation matrix is positive semi-definite. All Eigen values of the
positive semi-definite correlation matrix are non-negative (>= 0). If the correlation matrix is not positive
semi-definite, it is recommended to perform an optimization with the build in Optimization function.
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4.5. Expert Analysis of the Model

The view Expert analysis presents the results of the expanded analysis of the model. The software checks
the conditions for the application of the different methods and determines the appropriate methods for the
following calculation of the measurement uncertainty.

The following tests and calculations are performed:
e Linearity test for each input quantity in sixth areas of the distribution interval
e Calculation of the results of the equivalent linear model and the quasi-real model
e Validating the results of the equivalent linear model (value and combined standard uncertainty)
e Analysis of the distribution of the result quantities, determination of the symmetry and the
distribution type
Check for correlated input quantities with a finite degree of freedom
e Check for non-linear correlated input quantities
e Check for non-linear non-normally distributed input quantities.

Example: Expert analysis of a nonlinear model.
=

& Model Edit Functions Help

MName: Calibration of a gauge block of nominal length S0 mm

Method: [] GUF ML Manke-Carlo Adaptive Tolerance: Trials | cycle |10 000 v Trials: |:|x103 { Minimurn trisls: 219,8x10% )
Main data Recommended method : GUF-NL for nonlinear models , Monte-Carlo method Apply

Description

1. Linearity of the model : No
I Made! Res. quantity Linearity Nonlinear input quantities Masx. nonlinearity in (+o/2) | Masx. nonlinearity in (o) Max. nonlinearity in (+a)
I ] v Invalid (zero) sensitivity coeffidients
Ba Invalid (zero) sensitivity coeffidents
Atyys Invalid {zero) sensitivity coeffidents

Correlations

2. Validity of the results of the equivalent linear modek No

Exp. analysis
P t Res. quantity Linear model Quasi-real model Validation of the results of the linear model
Budget Value Comb. uncertainty |Value Comb. uncertainty | Toleranced |A Vvalue A Comb. stand. uncert. | Validity
SUF b [mm] 49,99992800 | 0,03218x1073 49,99992602 | 0,03428x107F 1,7%10°8 0,0 -2,1x10°F No

Mante-Karlo 3. Symmetry of the distribution of the result quantities: Yes

Res. quantity Skewness Type of distribution

L 0,00 Mormal

4. Correlated input quantities with a finite degrees of freedom : No

5. Nonlinear correlated input quantities: Ho
6. Nonlinear input quantities with non-Gaussian distribution : Yes
Tpyer B0, Atpye, |

C:\QEUM Enterprise 45\Examplesi\EA 4-021\EA4-34-Calibration of a gauge block of nominal length S0 mm. grmf |§E GE
=

and measurement software

QMSys GUM Enterprise

Example: Expert analysis of a linear model.
ﬁ Model Edit Functions  Help g i g E 'ﬂ ‘ ; ‘;:ﬂ M{') \{ Eé l%l M

Mame: “Zalibration of a weight of nominal value 10 Kg

Method: ] GUF [ mL Mante-Carlo Adaptive Talerance: Trials [ cycle |10 000 Trials: l:l %103 { Minimum trials: 219, 8:10° )
Main data Recommended method : GUF for linear models apphy

Description
a 1. Linearity of the model: Yes
Madel Res. quantity Linearity Monlinear input quantities Masx. nonlinearity in (+of2) Max. nonlinearity in (+o) Max. nonlinearity in (+a)
my Yes
2. Validity of the results of the equivalent linear model: Yes
Res. quantity Linear model Quasi-real model Validation of the results of the linear model
Value Comb. uncertainty |Value Comb. uncertainty | Tolerance & | A Value A Comb. stand. uncert. | Validity
Exp. analysis m, [a] B
X 10000,02500 0,02926 10000,02501 0,02925 0,0015 0,0 0,0 Yes
Budget
3. Symmetry of the distribution of the result quantities: Yes
GUF Res. quantity Skewness Type of distribution
Monte-Karlo my, 0,00 Mormal

4. Correlated input quantities with a finite degrees of freedom: No

— RIS ys

o

<

E 5. Nonlinear correlated input quantities: No

z

i) 6. Nonlinear input quantities with non-Gaussian distribution : No

=

=

L]

5

@ < ¥

=

(&4 '\ QGUM Professional 481Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf |':; :; B
]
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4.4. Measurement Uncertainty Budgets
The result of the analysis is presented in pages GUFand Monte-Carfo of the Budget view.

The page GUF shows a clearly structured measurement uncertainty budget in a table form. This table holds all
used quantities with their quantity names and values, the associated standard uncertainty and effective degrees of
freedom, the sensitivity coefficient automatically derived from the model equation and the contribution to the
standard uncertainty of the result of the measurement. The Interim results are only shown with the value and the
standard uncertainty. Additional columns can be activated in the Budget menu.

Example: GUF — Measurement uncertainty budget
E Model Funckions  Budget  Help . w !“ i H 'ﬂ : "i”=l M‘Q) \'{ %

Marme: |Ca|\brat\0n of a bype N thermocouple at 1000 #C
Method: Adaptive Tolerance: Trials | cycle |10 000 Trials: |:|x103 { Minirnum trials: 219,8x10% )
Main data vy |ty
Deescription Quankity Yalue Stand. uncert. Distribution DoF Sensit, coeff, Uncert, contribu,,. | Rel. contribution | Rel, contribution ...
Model ¥ix 36248,00 py 1,60 pi Hormal = 1,00 1,60 W 6,45 % 1]
i1 0,0 1,00 p HMormal @ 1,00 1,00 Wy 4,03 % I
Tokal budget
iy 0,0 py 0,289 pv Rectangular =] 1,00 0,259 pv 1,16 % |
ave 0,0y 1,15y Rectangular @ -1,96 -226 Y 9,13 % l
servation T 0,0 2,69 Rectangular o 1,00 2,89 11,64 % o
Cy 0,026 Kjuy
Exp. analysis Bk, 0,0K 0,0577 K Rectangular = 25,6 v KL -1, 48 5,97 % 1
Ci 0,039 Kjuy
Budget ts 1000,500 =C 0,100 K Mormal @ -38,5 v, eC1 -3,85 Y 15,51 % =
SUF Cs 0,077 Kfuv
¥isy 0,0 1,00 p HMormal @ 2,96 X 11,74 % ]
Mante-Karla Wiz 0,0 ¥ 0,289 Rectangular o 2,9 0,855 v 3,45 % 1
Czn 0,139 kKfuy
Bty 0,0k 0,0577 K Rectangular @ 15,7 ket 0,905 v 3,65 % I
8ts 0,0K 0,150 K Mormal = -38,5 v kL 5,77 L 23,26 % =
atp 0,0K 0,173 K Rectangular = -38,5 v kL -6, 66 L 26,36 % =
atr 0,0K 0,577 K Rectangular o 38,5 v k! 22,2 WY 83,53 % ||
Yalue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
¥y 36228,8 24,8 W @ 3
Yalue Expanded uncertainky Coverage Factor {Probability) Distribution Sign. digits
Result 36229 Y =+ 46 Y 1,84 (95,45 %) Trapezoidal {B=0,35) Spec, Format
@
E GUF validated: Tolerance : A Yalue: A Comb, skand. uncert.: Coverage intervals: Unit [pv]
= Yes 5 0,0 0,0 GUF [36183,1:36274,4] MCM [36183,3:36274,2] A [0,0:0,0]
=
& MCM: Value | 36229 v Comb, stand, uncertainty |24,5 Wy Expanded uncertainty |+ 45 LV
=
=] - = = = - =
Tl |Anal v|| 10';| B 7 U é = i 4 x*x, & PR N N o
r.% The type M thermocouple shows, at the temperature of 10000 *C with its cold junction at a temperature of 0 °C, an ernf of 36 230 pv +46 pWv'
=
(=4 :\OGUM Enterprise 48\Examples\EA 4-024\EA4-55,MC-Calibration of a bype M thermocouple at 1000 C,gmf |§E GE
e

The result quantity is displayed in the bottom line with its value, the corresponding combined standard Uncertainty
and the degrees of freedom. Finally, the complete result of the examination is presented as a value with associated
expanded uncertainty and automatically or manually selected coverage factor. The results are automatically
rounded and displayed in E-Format if necessary.

The Monte Carlo method displays a histogram, statistical parameters of the estimated distribution of the result
quantities and validation of the results. For result quantities with asymmetric distribution the program estimates
the shortest coverage interval, the asymmetric expanded measurement uncertainty and the asymmetric coverage
factor.

The software automatically validates the results of the GUF Method by comparing the values, the combined
standard uncertainties and the limits of the coverage intervals. The numerical tolerance & in this comparison is
calculated based on the combined standard uncertainty and the number of significant digits (2 or 3). The software
offers an alternative calculation of the tolerance d as a percentage of the combined standard uncertainty. Should
the comparison be positive, then the GUM uncertainty framework can be used on this occasion and for sufficiently
similar models in the future. Otherwise, consideration should be given to using MCM or another appropriate
method instead.

The result of the uncertainty analysis together with all input data can be printed with the help of
configurable templates as a report. All input texts are part of the printout and are used for documentation
purposes. The software editions GUM Enterprise and GUM Professional offer a useful feature to export
data from an uncertainty analysis over the OLE interface to Microsoft Excel®.
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Example: Monte-Carlo — Measurement uncertainty budget, symmetric distribution
¥=X MG“I P

v-.é'.v o -0 "
| = &

el Functions Budget Help

£
I\

Marme: |Ca|ibrati0n of a type M thermocouple at 1000 #C

Method: Adaptive Tolerance: Trials [ cycle Trials: |:|x103 { Minimum trials: 219,8:x10°% )
Main data
Description Result
i il e | ELF |Trapezoida| distribution v ||Shape Factor: 0,38
Model value 36229 WY
v -
Camb, stand. uncertainty 24,60y & Additional classes -
Total budget Expanded uncertainty + 45y || | MM 36183,3 (2,275 %) 36228,8 36274,2 (97,725 %)
- Coverage inkerval [36183;30274] uv || | GLIF 36183,1 (2,275 %) 36228,8 36274,4 097,725 %)
Expanded rel, uncertainty +0,13 %
Coverage Factor 1,84 6,8
Coverage probability 95,45 % || | .~ Q
E: lysi iski # 57 =]
xp. analysis Statistical parameters < Ral
Iinimum 36151,5 uY 2 =
Budget i T 4.5 &
rudget Maxirnurn 363072 pv g [
Median sezzeaw ||| £ T
Rarge 1558w (& 7 I
i il Mean value 36228,8 Y 23 <
s
Stand. deviation 24,60y
Skewness 0,000 1,1
Kurtasis -0,781
Cuantile (2,275%) 36183,53 v 0
& Quantile (97,725%) 36274,2 Y
‘=
= MCM validated: | Yes Tolerance: |5 250v): 0,119 25{u): | 0,0507 250y-low: | 0,182 25{y-high): | 0,13
o
=
i il v[ wt) B I U £ = iz A4Ax IR s N e
% The type M thermocouple shows, at the ternperature of 10000 °C with its cold junction at a temperature of 0 °C, an emf of 36 230 pY +46 pv.
(C] The reported expanded uncertainty of measurernent is stated as the standard uncertainty of measurerment multiplied by the coverage factor k=184,
S which for a trapezoidal distribution corresponds to a coverage probability of approximately 95 %.
@
=
=3

C:AQGUM Enterprise 48\ExamplesiEa 4-024EA4-55,MC-Calibration of a type M thermocouple at 1000 °C.gmf

E=EE

Example: Monte-Carlo — Measurement uncertainty budget, asymmetric distribution

e e T V=X MG,  NE P
I - VAN

and measurement software

Functions Budget Help = & . _
Mame: |GUM Supplement 1 - Example 9.4.2.2 - zero covariance
Method: [] adaptive Tolerance: Trials | cycle - 0|x10% { Minimum trials: 200,0:10% )
Main data
Descripkion
i Result 5 it (il allo il | GUF |N0rma| distribution v |
Madel Yalue 0,05:107
3 -
Comb, stand. uncertainty 0,050 103 i Additional classes -
Expanded uncertainty [-0,05x10° %40, 11003 || | MCM 0,000%)  0,050x10°% 0,150510°% (95 %)
Coverage interval [0,0;0,15x10°] || | GUF -0,048x10°% (2,5 %) 0,050x10°3 0,148x10°3 (97,5 %)
. .
Expanded rel, uncertainty [-100;+200] % 13.5 | 135
Coverage factor [-1,00;+1,99] ]
Coverage probability 95,00 % 12 ] L1z0
Exp. analysis Statistical parameters 1
. Minimurn 0,0 10,5 - L1os -
Budget Mazimum 0673103 || |~ 1 5]
; | |# i =]
Median 0,035x10°% - Fan =
| Range 0,673x103 || | £ 1 =
Monte-Karla 3 =] 1 5
Mean value 0,050x10°% g 7,5 - 75 %
Stand. deviation 0,050:1073 || | £ 1 £
Skewness 1,394 2 & () @
Kurtosis 6,075 1 =
Quantile (0% 0,0 4,5 45
Quantile (95%:) 0,150:10°% 1
34 30
1,5 15
: 0 "“"/ 0
2 0,0 0,1x10°3
=
= MCM validated: |Yes Tolerance: | 5x10°® 25(y):| 0,0866:x10°%  25{u): 0,114x10°% 25(y-low): | 0,955:10° 25(y-high): | 0,391:10°8
@
=
= =T T
fro] Arial v|_| 10 ";L B 7 U E == i Ax*x, Fa - . N . K
=
=
a3
wi
el
7]
=
=3

C:4QGEUM Enterprise 481ExamplesiGUM Supplement 11GUM Supplement 1 Example 9.4.2.2.gmf

— RIS
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Example: GUF — Measurement uncertainty budget, proof of capability, compliance assessment
Budget Help M '-"‘ M E .ﬂ : 5 ‘c’=1 M‘ﬁ \{ Fé é‘ M

s Budget Help - '-." - E 'ﬂ : . \"=x M.ﬁ \{ Fé ‘%. - ﬁ

—
Mame: |ca||brat|0n of & dial gauge in accordance with DIN 878
Method: Adaptive Tolerance: Trials | cycle Trials: l:l ®10%  { Minimum trials: 219,8x10% )
Main data I |
Description Quantity Value Stand. uncert. Distribution DoF Sensit, coeff, | Uncert. contribu. .. Sensitivity Rel. contribution ...
Madel Ity 9,0047000 mrm 0,0577 pm Rectangular o 1,00 0,0577 pm 0,001 I
aly 0,0 mm 0,260 pm Marmal o 1,00 0,260 prm 0,03 -
ay g,500x10% K1 0981x100 k! Rectangular @ 0,0 K.rnm 0,0 um 0,0 |
- am o0as0103 Kl 2140kl Rectangular = 0,0 K.mm 0,0 pm 0,0 |
[ 20,000 *Z 0,577 K Rectangular @ -0,0900x10'3 ., -0,0520 prn 0,001 I
ay 0,01150:10°% k-1 1, 3308 Kl Rectangular @ 0,0 K.mm 0,0 pm 0,0 |
Exp. analysis Ly 120,00 mm 5,77 mm Rectangular @ 0,0 0,0 pm 0,0 |
Ly 70,00 mrn 5,77 mm Rectangular @ 0,0 0,0 prn 0,0 |
Budget Le 20,0000 mim 0,0577 mm Rectangular @ 0,0 0,0 pm 0,0 |
GUF o 0,01150:10°% k-1 1,350 k-1 Rectangular @ 0,0 K.mm 0,0 um 0,0 |
at 0,0k 0,173 K Rectangular o -0,00157 mm. KL -0,325 pm 0,047 [0
Marike-Karlo Ls 155,000 rm 0,577 mm Rectangular @ 0,0 0,0 pm 00|
as 0,01050:10°% k-1 121108 K1 Rectangular = 0,0 K.mm 0,0 pm 0,0 |
m dts 0,0k 0,144 K Rectangular o 0,00163 mim, KL 0,235 pm 0,025 -
dlgn 0,0 mm 1,00:10°2 mm Rectangular = 1,00 1,00 pm 0,446 [T
\ dlas 0,0 rm 1,00x10° mm Rectangular ) 1,00 1,00 pm 0,445 [T
m Yalue Comb, stand, uncertainty Effective degrees of freedom Sign. digits
g Iy 9,004 70 mm 1,49 pm @ 3
Ny Yalue Expanded uncertainky Coverage Factor (Probabilicy) Distribution Sign. digits
* Result 9,0047 mm =+ 3,0 pm 2,00 {95,45 %) Marmal Spec, Format
Q Capability Index Cm Limit walue IMin. Tolerance
m Yes 5,0 4 0,024 mrm
Compliance P - inside P - outside 2,3850 30150
Y~ Yes 100,000% 0,000% 8,3320 3,9380 39,0120 93,0180
: & GUF validated: Tolerance &: A Yalue: A Comb, skand. uncert.: Coverage inkervals: niik [rnirm]
m E Yes D,SXID'3 0,0 0,0 GUF [9,00171:9,00769] MCM [9,00180:9,00759] A[-0, 1x10'3:D,1x10'3]
E E MCM: Value |9,0047 mm Comb. stand. uncerkainty | 1,50 pm Expanded uncertainty |£ 2,9 pm
=
O = [aial v wr| B I U 2 Ax*x, | QB KB X YO
k 3 The expanded uncertainty of measurement for the displacement of @ mm is obtained by multiplying the standard uncertainty by ~
: g the coverage factor & = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %. 2
0 g
m (=4 :\OGUM Enterprise 48\ExamplesiEA 4-02\WDI_2618-1-2.gmf
)
g
]

Mame: |calibration of & dial gauge in accordance with DIN 878 |
Method: Adaptive Trials | cyele Trials: l:l *10%  { Minimum trigls: 219,8:¢10% )
Main data
Description =
’ EesulE i il ll Ll | 2t | | GUF |N0rmal distribution v |
Madel Yalue 2,0047 mm i
Comb. stand, uncertainty 1,50 pm i
Expanded uncertainty + 2,9 pum LRL LsL LaL usL LIRL
1 1 1
Coverage inkerval [9,0018;2,0076] mm E | | |
Expanded rel. uncertainty + 0,032 % ] | | |
Coverage Factar 1,94 a2 ] | | | [ia
Coverage probabilicy 95,45 %o ]
Exp. analysis Proof of capability 23 | | | lie
Capability Yes o | | |
B b —
Index Cm 5,2 = 6,4 | | | F14 g
Lirnik: value 4|l | & 1 =
Min, Tolerance 0,0232 mm E 5,5 - | | | Liz :
IMonte-Katlo B g ] o
£ A | | | z
Comnpliance Yes|| = 4,5 | | | 10 E;
P - inside 100,000% || | @ ] =
P - outside 0,000% 3,6 | | | L E:
Statistical parameters ] | | |
Minirnurn 8,99980 mm 27 | | | ]
Maximurmn 9,00944 mm 4
Median 9,00469 mm LE 7 | | | r
Range 0,00964 mm g R | | | o
Mean valug 9,00470 mm 7] | | | [
Stand. deviation 0,00150 mm a 1 a
— T T
Skewness 0,008 8,980 8,990 9,020
Kurkosis -0,494 8,9850 5,0150
® Quantile {2, 275%) 9,00180 mm 3
-2 Guantile (97, 725%) 2,00759 mm 59521 5,679 29,0121 95,0179
(=
E MCM validated: | Yes Tolerance: | 0,5x1003 29y | 7,4Ex10f 25(u: | 4,02x10°% 25y-lowi: | 0,015x10°% 250y-highy: | 0,01 381073
=
w — ———
= |Ana\ v H 10 ';| B 7 U iZ A4 X x, S PREEE AN
a The expanded uncertainty of measurerent for the displacernent of 9 mrm is obtained by multiplying the standard uncertainty by A
g2 the coverage factor & = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
;I.g w
=
=0 :|0GLUM Enterprise 46\Examples\EA 4-02\DI_2616-1-2,gmf =E G
=

15



GUM Enterprise / Professional / Standard )

The Total budget offers the following additional analysis:
e Correlation analysis of the result quantities
e Regression analysis and calculation of the equation of the expanded measurement uncertainty for a certain
measurement range.

Example: Total budget — summary table and regression analysis
B2 Model Functions Budget Help ~ '-" ~ ﬂ! 'ﬂ ‘ 5 ‘;ﬂ MS\ \t ﬁé l%l M E; j A/ P‘ﬁ

Mame: |Ca|ibratinn of a gauge blocks 1, 5, 10, 20 and 50 mm

IMethod: Adaptive Tolerance: Trials { cycle |10 000 Trials: l:lx103 { Minirumn trials: 219,6x10% )

flain data i
eI ki ks [l | heo [leo |fTotal |
Description Quantity Walue Comb. stand. uncertainty | Distribution | Coverage Factor | Coverage probahility | Expanded uncertainty | Lower interval imit | Upper interval limit
I Maodel luy 27,3 nm Triangular 1,93 05,45 % =+ 53 nm 1,000109 mrn 1,000215 ram
Ius 4,999398 mm 28,7 rm Marmal 2,00 95,45 % +57 im 4,009841 mm 4, 999955 mm
Total budget lew 10,000180 mm 29,4 rim Mormal 2,00 95,45 % +53mm 10,000121 mm 10,00023% mm
Iezo 20,000244 mm 51,3 nm Mormal z,00 95,45 % + 63 nm 20,000181 mm 20,000307 mm
servation
%1} 50,000276 mm 33,3 nm Normal 2,00 95,43 % +71nm 50,000205 mm 50,000347 mm
Exp. analysis Reqression analysis
Eudget 72q
GLF 04
Monte-Karlo 63
B
64
B2
a0y
S8
569
541
-]
52 T T T T T T T T T T T T T T T T T T T T T T T T T T T
oo 2 4 ] 8 1 12 14 1a& 13 20 22 24 26 28 30 32 34 3} 3@ 40 42 44 46 48 S0 52
Correlation coefficient 0,974

Equation of the fitting line 54,7 nm-+0, 33041
Equation of exp. uncerkainky  |56,1 nm—+0, 33040

Aurial v” 10 ';l B 7
Equation for expanded uncertainty:

ZAxx QB4 p % 9@

U=0,06pm + 0,33*10**L, where L is the length of the gauge block in [mm].

QMSys GUM Enterprise

C:4QGEUM Enterprise 48\ExamplesiEA 4-02\EA4-S4a-MC-Calibration of a gauge blacks 1,5,10,20,50mm. graf

Eo

and measurement software

Example: Total budget — summary table and correlation analysis
2 Model Functions Budget Help - '-." - E 'ﬂ : ’ :’:x 5y \{ ﬁé ‘%. - & a - 7 P“

Mame: |H.2 Simulkaneous resistance and reactance measurement

Method: l:l l:l l:l

Main data R |x |z
Description CQuankity Value Comb. stand. uncertainty | Distribution | Coverage Fackor | Coverage probability | Expanded uncertainty | Lower interval limit | Upper interval limit
Madel R 0,07108 & Normal 2,00 95,45 % 0,142 0 127,590 & 127,874 Q
b4 219,847 & 00,2056 & Mormal 2,00 05,45 % +0,591 @ 219,255 & 220,438 Q
Total budget z 254,260 0,2363 Mormal 2,00 95,45 % +0,473 253,757 254,732

Ohbseryation
Correlations

X (Correlation analysis of the result quantities
Exp. analysis
R X 4
Bt I

GUF z T 4 0,993 1

Arial v” 10’&| B /7 U

£ EAXx 0 B iQ % 9O

QMSys GUM Enterprise

V]

C0QEUM Enterprise 481E:xamplesiGUMGUM Example H.2.gmf

<]

=GB

Each analysis can be completely saved in a file with a selectable name. In this way, the examination is
available at any time for a later review or editing. Each saved analysis can be used as a starting point for
new uncertainty analyses using the same model, but with new and changed data.

— AMSys
|
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Appendix A: Validation of the QMSys GUM Software

1SO/I1EC Guide 98-3:2008 (GUM:1995) Guide to the expression of uncertainty in measurement

Example GUM QMSys GUM, GUF Method Comment /
Estimate u K U Estimate u K U Distribution
H.1 50,000838 mm 32nm| 2,92 +92 nm| 50,000838 mm 32nm| 2,92 +92 nm | t-distribution, f=16
H.2 (R) 127,732 Q 0,071 Q| 2,00 +0,142 Q 127,732 Q 0,0711 Q| 2,00 0,142 Q | Normal
H.2 (X) 219,847 Q 0,295Q| 2,00 +0,590 Q 219,847 Q 0,2956 Q| 2,00 0,591 Q | Normal
H.2 (2) 254,260 Q 0,236 Q| 2,00 +0,472 Q 254,260 Q 0,2363 Q| 2,00 +0,473 Q | Normal
H.2 r(v,I) =-0,36 ; r(V,9) =0,86; r(L,p) =-0,65 r(v,I) =-0,355; r(V,p) =0,858; r(I,p) =-0,645 |Input quantities
Korrel. r(R,X) =-0,588; r(R,Z2) =-0485; r(X,2)=0,993 | r(RX)=-0,588; r(R,Z2) =-0,485; r(X,Z2) = 0,993 |Result quantities
H.3 -0,1494 °C 0,0041 °C| 2,00| +0,0082 °C -0,1494 °C 0,00414°C| 2,00| =0,0083 °C|Normal
H.4 0,430 Bg/g| 0,0083 Bg/g| 2,00| +0,017 Bg/g 0,430 Bg/g| 0,00833 Bg/g| 2,00| £0,017 Bg/g | Normal
1SO Guide 98-3/S.1, JCGM 101 Suppl. 1 to the "GUM™ - Propagation of distributions using a Monte-Carlo method
Example JCGM 101:2008 QMSys GUM Comment /
Method | Estimate u Cover. interval | Method | Estimate u Cover. interval GUF-Distribution
9.2.2 MCM 0,00 2.00 [-3,92; 3,92] | MCM 0,00 2.00 [-3,92; 3,92]
Q 9.2.3 MCM 0,00 2.00 [-3,88; 3,88] | MCM 0,00 2.00 [-3,88; 3,88]
1\ 9.2.4 MCM 0,00 10.1 [-17,0; 17,0] | MCM 0,00 10.1 [-17,0; 17,0]
N - GUF 0,00 10.1 [-19,9; 19,9] | GUF 0,00 10.1 [-17,1; 17,1] | Trapezoidal, B=0,74
g 9.3 MCM 1,2341| 0,0754| [1,0834; 1,3825]| MCM 1,2340| 0,0754| [1,0845; 1,3835]
N ) GUF2 1,2340| 0,0750| [1,0870; 1,3810] | GUF-NL 1,2340| 0,0754| [1,0862; 1,3818]| Normal
N 9.4.2.2 MCM 50 50 [0; 150] | MCM 50 50 [0; 1507 x 10°® / Normal
0 T Analytical 50 50 - | GUF-NL 50 50 [-48; 148] | x 10/ Normal
7)) 9.4.2.3 MCM 150 112 [0; 3671 | MCM 150 112 [0; 366] | x 10°®/ Normal
L T Analytical 150 112 - | GUF-NL 150 112 [-69; 369] | x 10°® / Normal
Q 9.4.2.4 MCM 2551 502 [1590; 35431 | MCM 2551 503 [1591; 3547]| x 10® / Normal
Q T Analytical 2550 502 - | GUF-NL 2550 502 [1565; 3535] | x 10°® / Normal
E 9.43.2.1 MCM 50 67 [0; 185] | MCM 50 67 [0; 185]| x 10°® / Normal
ST | Analytical 50 67 - | GUF-NL 50 67 [-81; 181]|x 10 / Normal
Q 9.4.3.2.2 MCM 150 121 [13; 398] | MCM 150 120 [13; 398] | x 10 / Normal
~ "% | Analytical 150 121 - [ GUF-NL 150 120 [-86; 386] [ x 10" / Normal
: 9.4.3.2.3 MCM 2551 504 [1628; 3555] | MCM 2550 505 [1629; 3561]| x 10 / Normal
) CTTTT | Analytical 2550 505 - | GUF-NL 2550 505 [1561; 3539] | x 10 / Normal
(B MCM 838 nm| 36 nm [745; 932] nm | MCM 838 nm| 36 nm [744; 932] nm
) 9.5 Analytical - - - | GUF-NL 838 nm| 36 nm [746; 930] nm | Normal
E GUF 838 nm| 32 nm [745; 931] nm | GUF 838 nm| 32 nm [745; 931] nm | t-distribution, f=16
~c EA-4/02 , DAKKS-DKD-3 Expression of the Uncertainty of Measurement in Calibration
< Example DKD-3, EA-4/02 QMSys GUM, GUF Method Comment /
N P Estimate u K U Estimate u k U Distribution
S.2 10000,025 g 0,0293 g| 2,00 +0,059 g 10000,025g| 10,0293 g| 2,00 +0,059 g | Normal
S.3 10000,178 Q| 0,00833 Q| 2,00 +0,017 Q| 10000,178 Q| 0,00833 Q| 2,00 +0,017 Q | Normal
S.4 49,999926 mm 343 nm| 2,00 +£69 nm | 49,999926 mm 34,3 nm| 2,00 +69 nm | Normal
S.5 (t) 1000,5 °C 0,641 K| 2,00 +1,3K 1000,5 °C 0,641 K| 2,00 +1,3 K| Normal
S.5 (Vy) 36229 pv 25.0 yv| 2,00 +50 pv 36229 pv 24.8 yvV| 2,00 +50 pV | Normal
S.6 0,933 0,0162| 2,00 +0,032 0,933 0,0162| 2,00 0,032 | Normal
S.7 30,043dB| 0,0224dB| 2,00| 0,045 dB 30,043 dB| 0,0224dB| 2,00| +0,045 dB | Normal
S.9 0,10V 0,030 V| 1,65 +0,05V 0,10V 0,030V| 1,65 +0,05 V | Rectangular
S.10 0,10 mm| 0,033 mm| 1,83 +0,06 mm 0,100 mm|0,0323 mm| 1,84| +0,060 mm | Trapezoidal, 3=0,33
S.11 180,1 °C 0,164 K| 1,81 +0,3K 180,10 °C 0,164 K| 1,80 +0,30 K | Trapezoidal, 3=0,43
S.12 (Vy) 199,951 0,109 | - - 199,95 | 0,1091| 2,00 +0,22 | | Normal
S.12 (&) 0,0003 0,00068 - - 0,0002| 0,000681| 2,00 +0,0014 | | Normal
S.12 (exav) 0,001 0,91x10%| 2,28 0,002 0,001] 0,910 x10%| 2.28 40,0021 | t-distribution, f=10
S.13 90,00025 mm 0,414 um| 2,00 +0,9 um| 90,00024 mm| 0,411 pum| 2,00 40,82 pm | Normal

EURACHEM/CITAC Guide CG 4 Quantifying Uncertainty in Analytical Measurement

Example EURACHEM/CITAC Guide CG 4 QMSys GUM, GUF Method, Normal distribution, k = 2.00
P Estimate u U Estimate u U
Al 1002,7 mg.I"! 0,9 mg.I* +1,8 mg.l? 1002,7 mg.I"! 0,835 mg.I"t +1,7 mg.I™t
A2 0,1021 mol.I™ | 0,00010 mol.I"! 0,0002 mol.I"! 0,10214 mol.”t|  0,000101 mol.I 0,00020 mol.I"!
A3 0,1014 mol.I”}|  0,00018 mol.I"t 0,0004 mol.I"t 0,10139 mol.”}|  0,000184 mol.I* 0,00037 mol.I"t
A.3 repl. 0,1014 molI* | 0,00016 mol.I™ 0,0003 mol.I* 0,10139 moLiI* | 0,000165 mol.I": 0,00033 mol.I*
A4 1,11 0,34 0,68 1,11 0,339 0,68
A5 0,036 mg.dm™>|  0,0034 mg.dm™ 0,007 mg.dm2|  0,0363 mg.dm™| 0,00342 mg.dm?|  0,0068 mg.dm™
A7 0,05370 pmol.g™* | 0,00018 pmol.g™}|  0,00036 pmol.q™| 0,05374 umol.q*| 0,000180 pmol.q™*|  0,00036 pmol.q:

— RIS ys
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u - Combined standard uncertainty; U - Expanded uncertainty; k - Coverage factor; f - Degrees of freedom;
B - Shape factor
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Appendix B: Examples

B.1. Linear model, result quantity with normal distribution (EA-4/02 - S2)

B.1.1. Model

2 model Edit Functions He B 2K Fa
Mame: “Zalibration of & weight of nominal value 10 Kg
Method: [#] GUF ] mL Monke-Carlo Adaptive Tolerance: Trials [ cycle - Trials: l:l *10%  { Minimum trials: 213, 8:x10% )
Main data el v[ or] B LU Axtx & f| Y&
My = ms + 5mp + om + ome + OB

Model

CQuantity (6} [ Mame |Ennventinna| mass of the unknown
Qb i
Type |Resu|t W Uit |g v e | Uncert, unit |mg L Factor 10E-3
) m:
s ~ Prabability distribution - Calculation of tolerance & for GUF/MCM validation ———————————

:ED () autamatic distribution detection (®) Mumnber of significant digits
dme () Select |Nnrmal distribution w | () Percentage of comb. uncertainty
Budget 3B Coverage probability 95,45 % | -~ Proof of capability and compliance nt
SUF Coverage Factor 2,00 Proof of capability

Tolerance or distribution interyal l:l a
 Format Capability index-Lirnit value | Crn (JCGM 106) -

Exp. uncert. [absolute w Compliance assessment

Type of tolerance |Two-sided v

[ spec. format Lower specification limit 9999,5|g

Monke-Karlo

0, ##4 Upper specification limit 10000,5 (g

0 Decision rule |Stringent Acceptance - Stringent Rejection bt |

Aurial v” wh| B I U

Maxirmurn Permissible Error (MPE) for Class M1 in accordance with QML R111 is 500 mg.

QMSys GUM Enterprise

C:A0QEUM Professional 48\ExamplestER 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf

B.1.2. Expert analysis
¥2 Model Edit Functions Help ‘e O

Mame: “Zalibration of a weight of nominal value 10 Kg

and measurement software

Method: ] GUF [ mL Mante-Carlo Adaptive Talerance: Trials | cycle - Trials: l:l x10%  { Minimum trials: 213, 8:x108 )
Main data Recommended method : GUF for linear models [ apphy
Description
a 1. Linearity of the model: Yes
Madel Res. quantity Linearity Monlinear input quantities Masx. nonlinearity in (+of2) Max. nonlinearity in (+o) Max. nonlinearity in (+a)
my Yes
2. Validity of the results of the equivalent linear modek: Yes
Res. quantity Linear model Quasi-real model Validation of the results of the linear model
Value Comb. uncertainty |Value Comb. uncertainty | Tolerance & | A Value A Comb. stand. uncert. | Validity
Exp. analysis m, [a] »
X 10000,02500 0,02926 10000,02501 0,02925 0,0015 0,0 0,0 Yes
Eudget
3. Symmetry of the distribution of the result quantities: Yes
GUF Res. quantity Skewness Type of distribution
Monte-Karlo my, 0,00 Mormal

4. Correlated input quantities with a finite degrees of freedom: No

5. Nonlinear correlated input quantities: No

& 6. Nonlinear input quantities with non-Gaussian distribution : No

s

™

[

=

=

i}

=

=

L]

b

) < ¥
=

lo:d '\ Qi5UM Professional 484Examples\EA 4-02\EA4-52-Calibration of a weight of nominal walue 10 kg.gmf |: :: GE

— RIS
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B.1.3. GUF — Measurement uncertainty budget

o -0 =
= |

-~
E Model Functions Budget Help By -

Mame: “alibration of a weight of nominal value 10 Kg

Method: Adaptive Tolerance: Trials: l:l %10% [ Minimum brials: 219, 8103 )
Mair data my
Deescription Quankity Yalue Stand. uncert. Distribution DoF Sensit, coeff, Unicert, contribut, .. | Rel, contribution | Rel, contribution ...
I Madel mg 10000,0050 g 22,5mg Normal = 1,00 22,5 mg 76,89 % [
amp 0,0g 8,66 mg Rectangular = 1,00 8,66 mg 29,60 % [
am 10,0200 g 14,4 mg Marmal = 1,00 14,4 mg 49,33 % [
amc 0,0q 5,77 mg Rectangular @ 1,00 5,77 mg 19,73 % =
i3] 0,04 5,77 ma Rectangular @ 1,00 5,77 mg 19,73 % [
‘alue Comb, stand. uncertainty Effective degrees of freedom Sign. digits
my 10000,0250 g 79,3mg @ 3
Exp. analysis Yalue Expanded uncertainty Coverage Factor {Probability) Distribution Sign. digits
Result 10000,025 g + 59 mg 2,00 (95,45 %) Narmal 2
Budget Capability Index Cm Lirnit value: Min. Talerance
GUF Yes 85 4 0,47 g
C i e P - inside P - outside 9993,500 10000,500
Monte-Katlo o o ==
Yes 100, 000% 0,000% 9999,441  9999,559 10000,441 10000,559
GUF wvalidated: Tolerance 6: A Yalue: A Comb. stand. uncert.: Coverage intervals: Unit [a]
Yes 0,00500 0,0 -0,000030 GUF [9999,9665:10000,0535] MCM [9999,9666:10000,0634] & [-0,00009:0,00010]
'
E MCM: Walue | 10000,025 g Comb, stand, uncertainty | 29,3 mg Expanded uncertainty |+ 58 mg
a
=
a B e [
E Aiial A x* x, £ EE b . . - i) Cul
= The measured mass of the nominal 10 kg weight is 10,000 025 kg £59 mg. The reported expanded uncertainty of measurement is stated as the standard
a uncertainty of measurement multiplied by the coverage factor k= 2, which for a normal distribution corresponds to a coverage probability of approximately 95
- Y.
-
n
=
(=4 :\OGUM Professional 48\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf |: : GE
=

B.1.4. MCM - Measurement uncertainty budget

-~ =X o
E Model Functions EBudget Help By -“l 'ﬂ 4 MG'\ {

Marme: |Calibration of aweight of nominal value 10 Kg

and measurement software

Method: Adaptive Tolerance: Trials [ cycle Trials: l:l *10%  { Minimum trials: 219, 8x10% )
Main data
Description
Besult s |l il il | SUF ‘Nurmal distribution V|
I Model Walue 10000,025 g o T
Comb. stand. uncertainky 29,3 mg s LiTeI]| @EEEES
Expanded uncertainty + 58 mg MCK 0999, 9666 (2,275 %) 10000,0250 10000, 0834 {97,725 %)
Coverage interval [9999,967;10000,083] g || | GUF 9999, 9665 (2,275 %) 10000,0250 10000, 0535 (97,725 %)
Servation
Expanded rel, uncertainty + 10,5810 % }
Coverage factor 1,99 a1 Lo0
Coverage probability 95,45 % !
Exp. analysis Proof of capability 0z 15
Capability Yes !
Budget
g Index Cm 4,6 734 L1ia
Min. Tolerance 0,467 gf| | =]
Monte-Karlo T M ‘ L 644 Fi+ H
C e P =
e =
Compliance Yes g 2
1 3 554 1z 5
P - inside 100,000% I =3
w o
P - ouksid 0,000%; = =
outside __ 3 2l |3 a5 Lia -
Statistical parameters S
Minirnurn 9999, 8771 g 364 Ls
)
Maxirmurn 10000,1465 g
Median 10000,0250 g 22 le
)
Range 0,2694 g
Mean walue 10000,0250 g 1,84 L4
Stand. dewviation 0,0293 g
Skewness -0,005 0,9 Lo
Kuttosis -0,013
Quantils [2,275%) 99999666 g il L
" Quantils [97,725%) 10000,0854 g 9999,550 10000,000 10000,050 10000, 100
w
g MCM validated: | Yes Tolerance: | 1x10°% 25(y): | 0,121x10°3 25k 0,0777x10F 250w | 0,331x10°3 25(y-high): | 0,356x10°3
o
a .
= Al Axx & B i B % 9o
= The measured mass of the nominal 10 kg weight is 10,000 025 kg £59 my. The reported expanded uncertainty of measurement is stated as the standard
a uncertainty of measurement multiplied by the coverage factor &= 2, which for a normal distribution corresponds to a coverage probability of approximately 95
- Y.
-
o]
=
(=4 :\OGUM Professional 48\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf |: : GE
=
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and measurement software

— RIS
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B.2. Linear model, result quantity with trapezoidal distribution (EA-4/02 — S11)

B.2.1. Model

Marme: |Calibration of a temperature black calibrator at a temperature of 180 °C

Method: [#] GUF ] ML [ Monte-Carla

os ]
v ot | |B I U Aaxx &f B
tx = ts + dtg + Btp - Otix + Otp + Ota + Oty + Oty

Model

Mair data il

Quanktity (9 [ Mame |temperature correction due ko the ac resistance measurement
b Type |Type E v| Linit |°C |- | Uncert, unit [k w Factar 1

k: =

Exp. analysis _ Uncertainty estimate |Stand‘ uncertainky v| 2,5 % " 97,5 %
3t Distribution (%) Normal () t-distribution
ol
i
GUF Btr Stand. uncertainty K

dtg, Degrees of freedom =)

oty Coverage probability 95,00 %

aky Coverage Fackar 1,96

] Import From M3 Excel

.g [ Refresh all 0,02 0,0 0,02
=
a
5 Aurial v” wt| B I U
2
5 Determination of the temperature by resistance ement (dts): The termperature of the resistance therrmormeter used
= as working standard is deterrnined as 180,1 *C. The standard measurement uncertainty associated with the resistance
8 measurement converted to temperature corresponds to wd ¢ 5= 10 mk.
w
-
0
=
=4

|nu

5= o

C:AQGUM Professional 48 ExamplesiEa 4-024EA4-511-Calbration of a temperature block calibrator at a temperature of 150 <. gmf

B.2.2. Expert analysis

R -aa.

2 tModel Edit Functions Help

Mame: |Ca||brat|on of a temperature block calibrator at a temperature of 180 °C |

Method: [Z]GUF [ IML | [] Mante-Carlo [ 0]

Main data Recommended method : GUF for linear models [ Apphy ]
Description
a 1. Linearity of the model : Yes
Madel Res. quantity Linearity Nonlinear input quantities Masx. nonlinearity in (+o/2) Masx. nonlinearity in (+o) Max. nonlinearity in {+a)

L Yes
2. Validity of the results of the equivalent linear model: Yes
Res. quantity Linear model Quasi-real model Validation of the results of the linear model

Value Comb. uncertainty |Value Comb. uncertainty |Toleranced |AValue A Comb. stand. uncert. | Validity
Exp. analysis
2 L tX [ 180,1000 0,1643 180,0999 0,1643 0,0082 0,0001 0,0 Tes
3. Symmetry of the distribution of the result quantities: Yes
Res. quantity Skewness Type of distribution
e 0,00 Trapezoidal (B=0,34)

4. Correlated input quantities with a finite degrees of freedom : o

5. Nenlinear correlated input quantities: o

6. Nonlinear input guantities with non-Gaussian distribution : No
@
e}
‘=
=
i~
@
=
=
w
=
=
L]
b
) < >
=
(=4 C:\QGUM Professional 48iExamples\EA 4-02\EA4-51 1-Calibration of a temperature block calbrator at a temperature of 180 *C.gmf

20



GUM Enterprise / Professional / Standard )

B.2.3. GUF — Measurement uncertainty budget

“u
| Funckions Eudget Help -

Marne: |Ca|ihratinn of a temperature black calbrator at a temperature of 180 C

Method: Adaptive Tolerance

Trials: l:l *10%  { Minimum brials: 200, 0x10% )

Main data |
Description Quantity Yalue Stand. uncert. Distribution DoF Sensit. coeff. Uncert. contribut... | Rel. contribution | Rel. contribution ...
I Model ts 180,1000 °C 0,0150K Normal @ 1,00 0,0150K 9,13 % o
dts 0,0°C 0,0100 K Narmal @ 1,00 0,0100 K 6,09 % I
dtp 0,0°C 0,0231 K Rectangular @ 1,00 0,0231 K 14,06 % .
Bty 0,0°C 0,0289 K Rectangular @ -1,00 -0,0282 K 17,57 % =
dtp 0,0 *C 0,0577 K Rectangular = 1,00 0,0577 K 35,14 % (|
ks 0,0°C 0,144 K Feckangular o 1,00 0,144 K 87,35 % [
Bty 0,0°C 0,0289 K Rectangular @ 1,00 0,0269 K 17,57 % =
Exp. analysis Bty 0,0 °C 0,0173K Reckangular = 1,00 00173 K 10,54 % 0
Yalue Comb. skand. uncerkainty Effective degrees of freedam Sign. digits
Eudget by 180,100 °C 0,164 K @ 3
Yalue Expanded uncertainty Coverage Factor {Probability) Distribution Sign. digits
Result 180,10 °C +0,30K 1,50 (95,00 %) Trapezoidal (f=0,43) 2
Monte-Karlo
GUF walidated: Tolerance &: A Yalue: A Comb, stand, uncert.: Coverage intervals: Unit 2]
Yes 0,05 0,0 0,0 GUF [179,504:180,395] MO [179,799:150,400] & [0,01:0,0]
MCM: Walue |180,1 =C Comb. stand. uncertainty 0,165 K Expanded uncertainty |+ 0,30 K
Aurial vu wh||B I U E A x> O ‘ 4 B ¥ - ) Qe
Expanded uncertainty ~
The standard uncertainty of measurement associated with the result is clearly dominated by the effect of the unknown temperature corection due to the
_ axial temperature inhomogeneity in the measuring bore and the radial temperature difference between the built-in thermometer and the working standard.
_g The final distribution is not normal but essentially trapezoidal. According to S10.13, the coverage factor corresponding to the edge parameter b=043is k=
s 1.80.
=
a
2
= Reported result
= The ternperature of the calibration bore that has to be assigned to an indication of the built-in controlling thermometer of 1800 *C s 1801 *C £03 °C
= The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor &= 1,80 which
o ; X - - o .
i has been derived from the assumed trapezoidal probability distribution for & coverage probability of 95 %. —
-
;IQ e
-
(=4 :\OGUM Professional 48\Examples\EA 4-02\EA4-511-Calibration of a temperature black calibrator at a temperature of 150 #C.gmf |“ = o

B.2.4. MCM - Measurement uncertainty budget

and measurement software

-~ - ;= =
E Model Functions EBudget Help By - . . " — MG'\ \{
Mame: |Calibration of & temperature black calibrator at a temperature of 150 °C
Method: Adaptive Tolerance Trials: |:|x103 { Minirum trials: 200, 0x10% )
Main data
Description
Result £ ||Shape Fackor: 0,43
I Model Walue 180,10 *C L
Comb, stand. uncertainky 0,165 K i Additional classes
Expanded uncertainty +0,30K MK 179,799 (2,5 %) 150,100 180,400 (97,5 %)
- Coverage interval [179,50;180,40] *C || | GUF 179,604 (2,5 %) 160,100 180,396 (97,5 %)
. .
Expanded rel. uncertainty +0,17 %
Coverage Factor 1,83
Coverage probability 95,00 %
Exp. analysis Statistical parameters =3
Minimum 179,604 °C || | =1
Maximum 180,562 °C|| | & st
Median 1a0,100°c|| | & T
T
Range na7s°c| | 8 2
! E o
(il Mean wvalue 180,100 °c || [ =
Stand. desiation o165 || | = 4
Skewness -0,004
Kurtosis 0,744
Quantils (2,5%:) 179,799 °C
Quantils (97,5%) 180,400 °C
179,75 150,00 180,25 180,50
MCM validated: | Yes Tolerance: | 0,01 25(y): | 0,439x10°% 25(u): | 0,395x10°3 ZS{y-low): | 0,00113 Zafy-highy: | 0,845x10-3
ial v wrl B F U E =S 2 A x*x,| & B X - i) Qi
Expanded uncertainty ~
The standard uncertainty of measurement associated with the result is clearly dominated by the effect of the unknown temperature comection due to the
) axial temperature inhormogeneity in the measuring bore and the radial ternperature difference between the built-in thermometer and the working standard.
E The final distribution is not normal but essentially trapezoidal. According to 510.13, the coverage factor corresponding to the edge parameter b=043 is k=
s 1.80.
=
Q
2
= Reported result
= The ternperature of the calibration bore that has to be assigned to an indication of the built-in controlling thermometer of 1800 *C s 1801 *C £03 °C
= The reparted expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor &= 180 which
o ; X b o o .
i has been derived from the assumed trapezoidal probability distribution for & coverage probability of 95 %. —
-
;l‘: b
=
| (&4 :\QGUM Professional 481Examplest\EA 4-021EA4-511-Calbration of a termperature block calibratar at a temperature of 180 #C.gmf
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B.3. Non-linear model, result quantity with normal distribution (GUM Suppl. 1, 9.5)

B.3.1. Model

Marne: 5UM Supplement 1 - Example 9,5 Gauge black calibration

Method: [V] GUF  [#] ML [¥] Monte-Catlo  [] Adaptive Trials | cycle Trials:l:|x103 { Minimum krials: 1000,0:10% 3
Main data arial v” Dfl BJU Axx, O Ff @
=
BL=Lls+D+ci+ch-Ls*(0a*(Bop+A)+as* 50)- Lom
IModel

Quartity (11} [ Mame |5L
Type |Resu\t R Unik: |nm e [0 | Uncert, unit (mrm hd Factar 1
L S
Exp. analysis DS - Probability distribution ~ Calculation of tolerance & Far GUFMCM walidation

dy () Awutamatic distribution detection (%) Mumber of significant digits
Budget & (%) Select |Nurma\ distribution N ‘ () Percentage of comb, uncertainky
GLF Bo Coverage prababilicy 99,00| % | - Proof of capabiity and compliance '3
Monte-Karlo 8, Coverage Factor 2,58 Proof of capability

a Tolerance or distribution intersval nm
as ¢~ Format Capability index-Limit walue |Cm (ICGM 106) w

aB

Exp. uncert. |Ahsnlute v| [ Compliance assessment
Lnomn =
Two-sided
Spec. format 0| nm
Yalug l:l E-format 0| nm

Expanded uncertainty l:l. E-format |Simp|e Accepkance - Simple Rejection |

Aial v|_| wh||B I U Axx | @B i Bl X
Limit deviations from the nominal dimension acc. to IS0 3650 for tolerance class 1 are £04 pm

QMSys GUM Enterprise

|nu
Falo

C:AQGUM Professional 481\ExamplesiSUM Supplement 14GUM Supplement 1 Example 9.5, gmf GE

B.3.2. Expert analysis

and measurement software

-~ - -~ - y= “ =
Edit Functions B e S s Do E=-
Mame: EUM Supplement 1 - Example 9.5 Gauge black calibration
Methaod: [+| GUF ML Mante-Carlo Adaptive Talerance: Trials | cycle Trials: l:l %10%  { Minimurm trials: 1000,0:10% )
Main data Recommended method : GUF-NL for nonlinear models , Monte-Carlo method [ Apply
Description
a 1. Linearity of the model: lio
Madel Res. quantity Linearity Monlinear input quantities Mazx. nonlinearity in (1of2) | Max. nonlinearity in (+o) Max. nonlinearity in (+a)
&L Mo By Invalid (zero) sensitivity coeffidents
A Invalid (zero) sensitivity coeffidents
ag Invalid (zero) sensitivity coeffidents

Correlations

Exp. analysis

2. Validity of the results of the equivalent linear model lio
Res. quantity Linear model Quasi-real model Validation of the results of the linear model

Value Comb. uncertainty | Value Comb. uncertainty | Tolerance & AValue A Comb. stand. uncert. | Validity
BL [nm] 838,00 31,87 838,06 35,80 1,8 0,1 -3,9 Mo

Budget

Monke-Karlo 3. Symmetry of the distribution of the result quantities: Yes
Res. quantity Skewness Type of distribution

3L 0,00 Normal

4. Correlated input quantities with a finite degrees of freedom: lo

5. Nonlinear correlated input quantities: No

6. Nonlinear input quantities with non-Gaussian distribution : Yes
A a
; O,

o

[
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B.3.3. GUF — Measurement uncertainty budget

Marne: LM Supplement 1 - Example 9.5 Gauge black calibration

Method: Adaptive Tolerance: Trials: l:l *10% [ Minimum krials: 1000,0:10% )
Main data ;
Description Quantity Yalue Stand. uncert. Distribution DoF Sensit, coeff, Unicert, contribut, .. Sensitivity Sensitivity {Graph.)
I Madel Ls 50000623 ram 25 mm t-distribution 18 IR 27 rm 0,55 [
D 215,0 nm 6,0 nm t-diskribution 24 1,0 6,3 rm 0,031 I
dy 0,0 4,0 t-diskribution 5 1,3 nm 5,2 rm 0,021 I
- dz 0,0 rm 7,0 nm t-diskribution g 1,2 8,1 rm 0,051 I
du 0,09c1 0,58x10°6 oC-1 Cury, trapezoid 50 SO00000 #C.nm 2,9 nm 0,007 |
8y 0,10 % 0,20°C Harmal @ 0,0 i, oL 0,0 rm 0,0 |
A 0,0 % 0,35 °C U-shaped @ 0,0 nm,*C-1 0,0 nm 0,0 |
Exp. analysis as 0,00001 15 @C-1 0,0000012 o1 Rectangular = 0,0 %C.nm 0,0 nm 0,0 |
a8 0,0 °C 0,029 °C Cury, trapezoid 2 590 nm.“C1 17 rm 0,233 ]
Budget Loam 50000000 nm
GUF u{ ;) 0,0 rm 5,5 nm 50 1,0 5,8 rm 0,026 I
uf{do;A) 0,0 rm 10 nirm 50 1,0 10nm 0,082 .
Yalue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
3L 838 nm 36 nm 23 z
Yalue Expanded uncertainty Coverage Factor (Probability) Distribution Sign. digits
Result 838 nm + 92 nm 2,58 (99,00 %) Mormal Spec. Format
Capability Index Cm Limit value Min. Taolerance
Yes 4,3 4 700 nirn
z GUF validated: Tolerance & A Walue: & Comb, stand, uncert,: Coverage inkervals: Uit [rn]
£ Yes 5 0,0 0,0 GUF [746:930] MCM [744:932] A [1:-1]
E MCM: Walue | 838 nm Comb, stand, uncertainty |36 nm Expanded uncertainty |+ 94 nm
=
; Arial v” 10 ";l_ B\ U E A x> | O ‘ b B N - n @
=
L]
=
(=3
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B.3.4. MCM - Measurement uncertainty budget

0 oIy - Y=X M “E
= v Mf\ A

Marne: |GUM Supplement 1 - Example 9.5 Gauge block calibration

and measurement software

Method: Adaptive Tolerance: Trials: l:l %10% [ Minimum brials: 1000,0:10% )
Mair data
Description
i Eesile GLF ‘Normal distribution “ |
I Madel Walug 238 nm -
Comb. stand. uncertainky 36 nm Additional classes
Expanded uncertainty + 94 nm || | MIM 74400,5 %) 533 932 (99,5 %)
Coverage interval [740;930] nm || | GUF F46 (0,5 %) g3 Q30 (99,5 %)
- |
Expanded rel. uncertainty + 10 % T
Coverage Factar 2,61 10 100
Coverage probability 99,00 % 3] Fan
Exp. analysis Proof of capability ]
Capabilicy Tes g —: &0 —
Index Cm 43| | = ] §
- £ 7] F7o =
Limit walue 4 - ] .
Min. Tolerance 750nm|| | § E &
Mante-kKarla — = 6 60 5
Statistical parameters o ] 2
Minimum 641 nm u_; 5 Fs0 £
Maximum 1042 nm || | = ] _é'
Median 238 nm +7 [0
Range 400 nirm 3] F3n
Mean value 835 nm ]
Stand. deviation 36 nm 2 Lzo
Skewness -0,003 1
Kurtosis 0,113 14 Fio
o Quantile {0,5%:) 744 nim 0 3 Fa
-2 Quantile (39,5%) 932 nm 700 750 a00 a50 300
a
i~
E MCM validated: | Yes Tolerance: | 5 250w | 0,07 23(u): 0,027 23(y-ow): | 0,376 25(y-high): | 0,39
fim]
= Aial A x: x, | O | By i ¥ - ) Qu
= :
] u
L]
w
>
;I-:
)
n (&3 :\QGUM Professional 481ExamplestGUM Supplerment 11GUM Supplement 1 Exarnple 9.5.gmf |: : GE
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B.4. Non-linear model, result quantity with asymmetric distribution (GUM Suppl. 1, 9.4.3.2.2,
correlation coefficient = 0,9)

B.4.1. Model

£ - . =
E Model Edit Functions Help Al & ﬁ r, "x Mﬁ \{ .'E ="

Mame: ,'EUM Supplement 1 - Example 9.4.3.2.2 - non-zero covariance

Method: [¥] GUF L Monte-Catle [ Adaptive Tolerance: Trials | cycle - Trials: *10%  { Minimum krials: 200, 0:10% )
Main data el vl ot B 7 Ul A4Ax*x. Q f i)
S
Sy =2 T2
Model
Quaritity (3) Mame |5Y
Type |Resu\t e Unit| o | | Uncert, unit Factor 1
H
Exp. analysis 1 + Probability distribution ~ Calculation of tolerance & For GUF{MCM walidation
Hz
() swutomatic distribution detection (%) Murnber of significant digits
(%) select |N0rma\ distribution v ‘ () Percentage of comb, uncertainky
m GUF Coverage probability 95,00| % | - proof of capability and compliance nt
g Monte-Karlo Coverage factor 1,9 [ Pracf of capability
m ~ Format cm (3caM 106)
g Exp. uncert, |Absolute v| [ compliance assessment
‘N Twio-sided
[ spec. Format 1]
0 — g
m CI |Stringant Accepkance - Skringent Rejection |
~
g i
= T
m lé Lirial V|_| 10 ¢| B 7 U
T
=
=
i}
8§l E
0 C
(L]
1N d
>
S 2
=
m (=4 :\OGUM Professional 48\ExamplestGUM Supplement 14GUM Supplement 1 Example 9.4.3.2.2.gmf |: : GE
E B.4.2. Expert analysis
-~ - -
E Model Edit Functions Help Al & ﬁ r, " — Mﬁ \{
b Mame: &M Supplement: 1 - Example 9.4.3.2.2 - non-zero covariance
: Method: [¥] GUF L Monte-Catle [ Adaptive Tolerance: Trials | cycle - Trials: 10%  { Minimum krials: 200,0:10% )
N Main data Recommended method : Monte-Carlo method [ Apply
Description
a 1. Linearity of the model : No
I Model Res. quantity Linearity Nonlinear input quantities Max. nonlinearity in (+a/2) Masx. nonlinearity in (+a) Max. nonlinearity in {(+a)
By Mo x; 0,1250 0,2500 0,4500
X Invalid (zero) sensitivity coeffidents

2. Validity of the results of the equivalent linear model: No
Res. quantity Linear model Quasi-real model Validation of the results of the linear model
Exp. analysis
e i Value Comb. uncertainty | Value Comb. uncertainty | Toleranced |A Value A Comb. stand. uncert. | Validity
Budget by 0,1000x10°% | 0,1000x10°3 0,1500x10°% | 0,1204x10°3 &,0x10°% -50, 0% 1078 -20, 41078 No

GUF

3. Symmetry of the distribution of the result quantities: No
Monte-Karlo Res. quantity Skewness Type of distribution

By 0,00 Asymmetric distribution

4, Correlated input quantities with a finite degrees of freedom : Ho

5. Nonlinear correlated input quantities: Yes
Xy Ky

6. Nonlinear input guantities with non-Gaussian distribution : lo

@

w

=
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B.5.3. GUF — Measurement uncertainty budget

~ -~ - = ~ = .
E Model Functions Budget Help By - -“l 7-“1 1'1 Mt\ t ‘-E ="

Marne: ,'SUM Supplement 1 - Example 9.4.3,2.2 - non-zero cavariance

Method: [] adaptive Tolerance: Trials: %10% [ Minimum brials: 200, 0103 )
Mair data *Fy
Deescription Quantity Yalug Stand. uncert. Distribution DoF Sensit, coeff, Uncert, contribution | Rel, contribution (G,
I Madel ¥y 0,010000 0,005000 Hormal = 0,02122 0,1061x10°3 |
X2 0,0 ,005000 Mormal = 0,007027 0,03513x10°2 [
ufsHz) 0,0 0, 04485 10°3 = 1,000 0,04485x10°2 |
Yalue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
dy 0,1500x10 0, 1204x10 @ 4
Walue Expanded uncertainty Coverage Factor (Probability) Distribution Sign. digits
Result 0, 150103 +0,236x10°3 1,96 (95,00 %) Tormal 3
Exp. analysis
Budget
GUF
Monte-Karlo
GUF walidated: Tolerance &: A alue: A Comb, stand. uncert.: Coverage intervals: Unik []
8 No 0,05x 103 0,0 0,0 GUF [-0,0861:10°3:0,386110°%] MCM [0,0025100%:0,39791 03] A [*-0, 10 10%:-0,0110°%]
lé MCM: value o103 Comb. stand, Uncertainty |0, 1205x10°3 Expanded uncertainty |[-0, 138x10°3+0,248x10°3]
Q
2
i Arial A xt x| O ‘ &'. ¥ - ) Qe
=
=2
)
w
=
wn
=
(=4
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B.5.4. MCM - Measurement uncertainty budget

-~ - = ~ = .
Budget Help By - -“l 7-“1 1'1 s | t ‘-E = -

Marne: |GUM Supplement 1 - Example 9.4.3.2.2 - non-zero covariance

and measurement software

CAQGLUM Professional 48\ExamplesiGUM Supplement 14GUM Supplement 1 Example 9.4.3.2.2.gmf

Method: [] adaptive Tolerance: Trials [ cycle 10° { Minimurn krials: 200,010% )
n data
Description
Result T . lll it |GUF ‘Normal distribution v |
I Model Yalue 0,150x10°3 = -
Comb, stand. uncertainky 0,1205x10°3 v Additional classes
Expanded uncertainty [-0, 13810340, 24810737 || | MCM 0,0125x10°2 (0, 1459 )0, 1500x 1002 0,3979x10°% (95,1959 %)
Coverage inkerval [o,003x100%;0,398:10%] || | GUF -0,0861x10°3 (2,5 %) 0,1500:10°% 0,3861x10°2 (97,5 %a)
servation
Expanded rel. uncertainty [-91,7;+165] %
Coverage Factor [-1,14;+2,06] 36 ] [ 3500
Coverage probability 95,00 % 1
Exp. analysis Statistical parameters ﬁ31,5 ] 3150
Mirimurm 0,1x10°6 E h
Budget Maximum 00020711 || | = 27 ] e .
GUF Median 0,1107x10°3 || |3 ] g
| Range 0,0020710 || | 5227 ] Feesh g
-t Mean value 0,1500x10°3 @ ] I
Stand. deviation o,1z05x103 || | © 18 [leod =
Skewness 1,449 || |5 ]
Kurtasis 6,061 || | <135 1350
Quantils (0, 1459%) 0,0125x10-2 ]
Quantile (35, 1459%) 0,3979x10°3 ] [ 900
4,5 [4s0
] —"’/ .
& 0,0 0,25x10°3
‘=
e MM validated: | Yes Tolerance: | 0,05x10-2 25(y): | 0,247x10°% 25(u): | 0,31x10°6 25fy-low): | 0,841x10°% Zafy-high: | 1,15x108
o
2
b Aiial A X x, £ ‘J% . ¥ - Qi
=
=
L]
I
=
0
=
(=4
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B.5. Non-linear model, result quantity with normal distribution, no relevant interaction of
multiple input quantities (EURACHEM/CITAC CG 4, A.7)

B.5.1. Model

= Edt Functers Hep ;M - BB - B @ ¢
Mame: | Jetermination of the amount Fo lead in water using double isotope dilution and inductively coupled plasma mass spectrometry
GUF [P [F]Monte-Carln [ adaptive Tolerance: 1,06+ | Trials |/ cycle [10000 v | Trials: 1,0 %102 {Minimum brisls: 219,8¢10% )
[iial [ ot Bl U A oL e
Description cx = e (my/me) " (mz/m'y ) *((Ky1 " Ry1-Ke* R Ko Rio- Kyt "Rat ) ((K'e "R~ Kzt "Rt MKy "Ryr-K'o "R ') (2K Ruif ZKzi. Rzi) - Chiank
ik KR = Ki™Rut + Ko™ Riz + Kia™Rua + K™ Rua
ZKz.Rz = Kzi*Rat + Kzz"Rzz + Kza"Rzg + Kza™Rzg
EER Mpp assayt = (Kzo®Rz1* Mz + Kzz"Rzo™Mzz + Kzg" Rz Wiz + Kza™Rza™Viza) / ZKz. Rz
cz = Kot ™ (mzfdz) * (mi*w/d1) | Mpy assayt
Correlations | -
Kb = Ko_o + Kg_pias
Exp. analysis K's = K's o + K'n bias
Kit = Kx1_ o + K bias
SiE Kia = Kxz 0 + Kis bias
m S Kia = Kia 0 + Ka_pias
g Ky1 = Ky1 0+ Ky1_pias
m Kz1 = Kz1 0 + Ko _bias
g Kzz = Kza_o + Kez_pias
Kag = Kza_no + Kza_pias
N
Q Quankity (80) [b A Mame ‘amuunt conkent of the sample x
Type ‘Result ~ Unit |umo|.q'1 W ‘ Uncert, unit ‘umol.q" Factar 1
m ::I - Probability distribution - Calculation of tolerance & For GUFMCM walidation
“ my () Automatic distribution detection (%) Mumber of significant digits
i
: iy () Select |Normal distribution w ‘ () Percentage of comb, uncertainty
m'y Caverage prababilicy 95,95 % | - Praof of capabiity and compliance assessment
m Ky1 Coverage factor 2,00 [ Proof of capabilicy
Ryt
Ky /- Format Y i
m :b Exp. uncart.lahsnlute || | O] Compliance assessment
i1
k Ry
: . K [ 5pec. format
: K |
ol E
m = EKyiRyi = — = —
2 KRy [&rial ~v| wrl B L U NI B O RN e T A e M o N
o Chlank
E 2 K <
b 8 CAQGUM Professional 48\Examples\EURACHEM\AT.MC - Determination of the amount Fo lead in water.grmf == o

B.5.2. Expert analysis
= A Al O X s

[
Mame: |Determination of the amount fa lead in water using double isatope dilution and inductively caupled plasma mass spectrometry |

Method: [v] GUF ML Monte-Catla Adaptive Tials | cycle - Trials: l:l ®10% [ Minimum trials: 219,8x10% )

Main data GUF-NL for nonlinear models , Monte-Carlo method [

=0

Model Edit Functions Help

Tolgrance:

Recommended method : Apply ]

Description

I Model

1. Linearity of the model : Yes
Res. quantity Linearity

<, fes

Nonlinear input quantities Max. nonlinearity in (to/2) Max. nonlinearity in (to) Max. nonlinearity in (+a)

2. Validity of the results of the equivalent linear model: No
Res. quantity Linear model

Comb. uncertainty

Validation of the results of the linear model
AValue

Quasi-real model
Comb. uncertainty

Value Value Tolerance & A Comb. stand. uncert. | Validity

-4
€ [umel.g™] 0,0537374 0,0001796 0,0537376 0,0001993 0,000010 0,0 -0,000020 No

3. Symmetry of the distribution of the result quantities: Yes
Res. quantity Skewness Type of distribution
Monte-kKarlo <,

0,00 MNormal

4. Correlated input quantities with a finite degrees of freedom : o
5. Nenlinear correlated input quantities: o

6. Nonlinear input guantities with non-Gaussian distribution : No

< ¥

oy
B
e

QMSys GUM Enterprise
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and measurement software

— RIS
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B.5.3. GUF — Measurement uncertainty budget

=X M F =
§ :\ AN

=N

Name: |Determinatmn of the amount Fo lead in water using double isotope dilution and inductively coupled plasma mass spectrometry

Method: ! Adaptive Tolerance: 1,06 v | Trials j cycle [10 000 | Trials:|  220.0] %107 { Minimum trisls: 219,8210% )
Main data
Description Quantity Yalue Stand. uncert. Distribution DaF Sensit. coeff. Lnicert, con;rlbutlon Sensitivity Sensitivity (Graph.) | &
Madel my 1,136000 g 0,000200 g Hormal @ 0,0471 pmol.glgl  0,00000943 pmal.q! 0,002 |
m, 1,044000 g 0,000200 g Mormal o 0,0513pmol.glg!  0,0000103 pmal.q? 0,003 |
i m, 1,102900 g 0,000200 g Marmal @ 0,0485 pmol. grtgt 0,00000871 pmal, 't 0,002 |
-:‘ m'y 1,065400 g 0,000200 g Hormal @ 0,0503 pmol.g Lt 0,0000101 pmol.g? 0,003 |
Dtisshietion Ryt 0,0006400 0,0000140 -distribution 7 0,0908 pmol.qt 0,00000127 pmal gt 0,0 |
Correlations | Rp 0,233600 0,000250 t-distribution 7 0,250 pmoal.g't 0,0000850 pmal.q! 0,106 [
Ry 2,14020 0,001 901 t-distribution 7 1,089 pmal, g7 0, 0000360 pmal,q-1 0,033 [
Exp. analysis Ry 1, 508000 0, 000460 t-distribuition 7 1,164 pnal, 7L 0,0000754 pmal,q-1 0,143 [
Rzy 2,14290 0,001 901 t-distribition 7 01,0233 pal, - 0, 0000445 pmal, q-1 0,049 [
Chlank 0,450 105 ol 0,200 107 pmal g7 t-distribition 3 1,68 10,3363 106 pmal.qt 0,0 |
GUF Rz 1,91420 0,001 101 t-distribuition 7 01,0154 pnal, 7L 0, 00001 700 prnal, -1 0,007 []
Riq 0,059010 0,000120 t-distribution 7 0,0154 pmal.g? 0,00000185 pmal.q! 0,0 |
MonkeKar me 1,029200 g 0,000200 g Hormal o 0,0521 prel.glgl  0,0000104 prnal.g7! 0,009 |
dz 99,9310 g 0,0100 g HMormal o 0,000536 pmal g'L.g?  0,00000536 pmal.g1 0,001 |
my 0,3654400 g 0,0000500 g Mormal o 0,147 pmol.glgl  0,00000733 pmal.q! 0,001 |
w 0,99999000 0,00000500 Mormal w 0,0535 pmal, gt 0,268x%10°6 pmol.q! 0,0 |
dy 196,1400 g 0,0300 g Hormal @ 0,000273 pmol.g't.g?  0,00000819 pmol g 0,002 |
M.t 207,97663600 gumol ™ 0,00000300 g.malt Hormal @ 0,000134 molpmol.g?,  0,403x10°2 pmol.g? 0,0 |
Mz 205,57444900 gumol ! 0,00000300 g.malt Hormal @ 0,0000628 mol.pmol.g  0,189x10°2 pmol.gr? 0,0 |
Rz 0,91470 0,00110 t-distribution 7 0,0154 pmal. gt 0,0000169 pmal.q! 0,007 ]
Mz 206,97566000 g.mal!  0,00000300 g.mal- Marmal @ 0,0000574 mol.umol.g 0,172%10°% proolgt 0,0 |
Rya 0,055700 0,000120 t-distribution 7 0,0152 pmol. -t 0,00000182 prmol.g-1 0,0 |
My 203,97302600 g.mal!  0,00000300 g.mal- Marmal @ 0,00000363 molm... 0,011 1102 proolgt 0,0 |
Kb o 1, 998700 0, O00EE0 t-distribuition 7 00,0737 pnal, - 0, 0000649 pral,q-1 0,106 [
Kb_bias 0,0 0,00100 Mormal @ 0,0622 pmal, gt 0,0000622 pmal.q! 0,057 [
K'h o 0,998300 0,000880 t-distribution 7 0,0830 pmal.gt 0,0000730 pmal.q°! 0,134 [
K'b_biss 0,0 0,00100 Mormal o 0,0702 pmal.q 0,0000702 pmal,q! 0,124 [
Ki1n 0,999200 0,000880 t-distribution i 0,0404 prnal.q° 0,0000355 pmal.q! 0,032 -
Ky1_bias 0,0 0,00100 HMormal o 0,0343 pmal. gt 0,0000343 pmal.q! 0,03 [
Ko 1,00040 0,00120 t-distribution 7 0,0141 pmal gt 0,0000169 pmal.q! 0,007 ]
K2 _bias 0,0 0,00100 Hormal @ 0,019 pmal gt 0,0000119 pmal,q? 0,004 |
K 0 1,00100 0,00210 t-distribution 7 0,00090% pmol.q?  0,00000191 pmol.q'? 0,0 |
Ko bias 0,0 0,00100 Hormal @ 0,000765 ol 0,768x10°F pmol.g? 0,0 |
K0 1, 999900 0, O00EE0 t-distribution 7 0,0000581 pmal.gl 0,0512x10°8 pmol.g-! 0,0 |
Ky 1_bias o0 0, 00100 Marmal @ 0,0000491 pral.gl 0,049110°8 pmal. ! 0,0 |
Kzt o 1, 99800 0, O00EE0 t-distribition 7 1,050 pral, 7L 0, 0000440 pmal,q-1 0,049 [
Walue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
& 0,053737 pral,q-1 10,0001 99 pmal, q-1 @ 3
Walus Expanded uncertainky Coverage Factor (Probability) Distribution Sign, digits
Result 0,05374 pmol.q1 + 0,00040 pmal.q7t 2,00(95,45 %) Morrnal 23
@ GUF walidated: Tolerance &t A Value: A Comb, stand. uncert.: Coverage intervals: Unit [pmol.q-1]
é [es 0,000005 -0,000001 -0,000001 GUF [0,053339:0,054136] MM [0,053336:0,054140] & [0,000003:-10,000004] o
E MCM: Value 0,054 pmal.q- L Comb. stand, uncertainky [0,000201 pmol.q L Expanded uncertainty [+ 0,00040 umol g1
=
= ol v orli[B LU F EAXx 0 e B % O
o
3
=
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B.5.4. MCM - Measurement uncertainty budget

Budget Help 3 . g T“:‘"ﬁ = ﬁ: —5‘: i

Y=X M N
v G\ N

=D

Name: |Determinat\un of the amount Fo lead in water using double isotope dilution and inductively coupled plasma mass spectrometry

Methad: 1o ] Adaptive Tolerance: 1,06 | Trials / cycle [10000 + | Trials:| 20,0 %103 { Minimum trisls: 219,8:10% )
Main data
Description
i Bestle GLF ‘Norma\ distribution vl
Model Value 1,05374 prol, L
Comb. stand, uncertainty 0,000201 pmol.q! & Additional dasses
Expanded uncertainty +0,00040 pmal.g 2 || | MCM 0,053336 (2,275 %) 0,053736 0,054140 (97,725 %)
-Ob:‘ Caverage interval [0,05334;0,05414] pmal.q’ || | GUF 0,053339 (2,275 %) 0,053737 0,054136 (97,725 %)
il Expanded rel. uncertainty + 0,75 % t
Correlations | Coverage factor 2,01
Coverage probability 05,45 %
Exp. analysis | Statistical parameters
Minimum 0,052721 pmol.gt 5
i Xehe il | =]
Maximum 0,054763 pmol.gt || | & g
ar | Meden oss7an e’ | 5 2
Range 1,002042 prool, L g g
Moy e oe Mean value 0,053738 pmol.q || | 2 ug,
Stand. deviation 0,000201 pral, -t E; ‘:
Skewness 0,011 Ed
Kurtosis 0,147
Quantile (2,275%) 0,053336 pmol.q!
Quantile (97, 725%) 0,054140 pmol.q!
2
E 0,05325 0,05350 0,05375 0,05400 0,05425
= - - =
g MM validated: | Yes Tolerance: | 0,000005 250y | 0,908x 10 25(u): | 0,741x106 Z50y-low): | 0,00000261 25{y-high): | 0,00000247
i}
= . 2 B Ty
z pad et o Dt Bl B SO
L)
n
=
1)
=
(=4 ) QGUM Professional 48\Examples\EURACHEMIAT MC - Determination of the amount fo lead in water.gmf |:_ GE

27




GUM Enterprise / Professional / Standard

B.6. Comparison of the GUF - Methods (GUM S1, Example 9.3)

B.6.1. GUF — Method for linear Models
da O X

E Model  Functions

Budget Help

B =

Mame: |GUM Supplement 1 - Example 9.3 Mass calibration

Method: [] adaptive Tolerance: Trials | cydle 0|x10% { Minimum trials: 200,0:10% )
Main data *Fm |
Deescription Quantity Yalue Stand. uncert. Distribution DaF Sensit, coeff, | Uncert. contrib. .. Sensitivity Sensitivity (Graph.)
I Madel Mg, 100000,0000mg 0,050 mg Hormal = 1,00 10,0500 mg 0,862 [
dmg,c 1,340 mg 00,0200 mg Mormal @ 1,00 10,0200 mg 0,138 [
Ps 1,2000kgim *  0,0577 kajm 3 Rectangular @ 0,0 m3 g,k 0,0mg 0,0 |
b e
P S000 kajm 3 577 kgfm ¥ Rectangular == 0,0 m¥ ma.kg! 0,0 mg 0,0 |
PR 3000,0000 kgfm 30,0259 kafm 3 Rectangular @ 0,0 m?.mag kg 0,0mg 0,0 |
Mnom 100000 mg
Exp. analysis Value Comb. stand. uncertainty Effective degrees of freedam Sign. digits
am 1,2340 mg 0,0539 mg @ 3
Budget Value Expanded uncertainky Coverage factar (Probability) Distribution Sign. digits
Result 1,2340 mg =+ 00,1055 mg 1,96 (95,00 %) Mormal Spec. format
Capability Index Grs Limit walue Min. Tolerance
Manke-Karl Yes 2,1% Frrs 5,3 mg
o
E GUF validated: Tolerance 6: A Walue: A Comb, stand, uncert.: Coverage intervals: Uit [ma]
= Mo 0,005 0,0 *.,022 GUF [1,1265:1,3395] MCM [1,0845:1,3535] A [*0,044:%-0,044]
o
E MCM: Value |1,2340 mg Comb, stand, uncertainty |0,0754 mg Expanded uncertainty |+ 0,1495 mg
=
=] Arial ~| wt B U
: = =]
w
=
0
=
o
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B.6.2. GUF-NL — Method for nonlinear Models

] - ¥=X N [ =
Budget Help M B ﬂ 'ﬂ r i Mr\ t B

=

Mame: |GUM Supplement 1 - Example 9.3 Mass calibration |

and measurement software

Method: [] adaptive Tolerance: Trials | cyce |10 000 Trials: 0|x10% { Minimum trials: 200,0:10% )
Main data m |
Description CQuankity Yalue Stand. uncert. Distribution DoF Sensit. coeff. | Uncert. contrib. .. Sensitivity Sensitivity (Graph.)
I Mol Mg, 100000,0000 mg 10,0500 mg Harmmal @ 1,00 10,0500 mg 0,437 [
dmg,; 1,2340 mg 0,0200 mg Mormal == 1,00 0,0200 mg 0,07 .
Pa 1,2000kgim 30,0577 kajm 3 Rectangular @ 0,03 ma. kgl 0,0 mg 0,0 |
Py a000 kajm 3 577 kgfm 3 Rectangular == 0,03 ma.kg ! 0,0 mg 0,0 |
pr 3000,0000 kgfm 30,0289 kgjm 3 Rectangular o 0,0 m?.ma kgt 0,0mg 0,0 |
Minarm 100000 g
Exp. analysis u(psipw) 0,0mg 0,0526 mg = 1,00 0,0528 mg 0,49 [
Value Comb. stand. uncertainty Effective degrees of freedam Sign. digits
Budget dm 1,2340 mg 0,0754 mg @ g
Yalue Expanded uncertainky Coverage fackor {Probability) Distribution Sign. digits
Result 1,2340 mg =+ 10,1475 mg 1,96 (95,00 %) Mormal Spec. format
Monbe-Karlo = —
Capability Index Gms Limit value Min. Tolerance
Yes 3,0% 4%, 7,4mg
o
E GUF walidated: Tolerance G: A Walue: A Comb, stand. uncert.: Coverage intervals: Uit [rmg]
g Yes 0,005 0,0 0,0 GUF [1,0862:1,3818] MCM [1,0845:1,3835] A [0,002:-0,002]
o
E MCM: Value |1,2340 mg Comb. stand. uncertainty |0,0754 mg Expanded uncertainty |+ 0,1495 mg
z :
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B.6.3. Comparison with the results of Monte-Carlo method
MCM — GUF for linear Models MCM — GUF-NL for nonlinear Models

il GUF ‘Narma\ distribution v |

lll. e |GUF |N0rma| distribution v |

Additional dasses

dm Additional classes
MCH 1,0845 (2,5 %) 1,2340 1,3535 (97,5 %)
1,0845 (2,5 %) 1,2340 1,3535 (97,5 %)
GUF 1,0862 (2,5 %) 1,2340 1,3815 (97,5 %)
1,1285 (2,5 %) 1,2340 1,3395 (97,5 %) 5 1 -
1 1 1
100 7 70
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