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are:

and measurement software

1. Introduction
1.1. General

QMSys 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

ISO/IEC 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 2540.2 U.S. Guide to the Expression of Uncertainty in Measurement

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

DAkkS-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

ILAC-G8:09/2019 Guidelines on Decision Rules and Statements of Conformity

ISO/IEC/EN 17025:2005 Concerning the evaluation of the measurement uncertainty.

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 considered 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. 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.

measurement uncertainty for virtually all types of measurements:

linear and nonlinear models
symmetric and asymmetric distributions of the result quantities

EI Using these methods, the QMSys GUM Software offers plausible and accurate calculation of the

correlated input variables with arbitrary probability distribution

/ [ ]
u The software is applicable even in cases that are not described in GUM, GUM Suppl.1:

correlated non-normally (non-Gaussian) distributed input quantities
correlated input quantities with finite degrees of freedom

nonlinear models with more than two correlated input quantities
non-linear models with non-normally distributed input quantities
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A special algorithm for generation of exact correlated values, while maintaining the specified probability
distributions, is developed, and implemented in the program to ensure the accuracy and validity of the results in
these cases.

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
Entry of the observations
Determination of the correlation coefficient between the input quantities
Analysis of the model and selecting the appropriate method for calculating the measurement uncertainty
Calculation of the measurement uncertainty and preparation of the measurement uncertainty budget
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 Regression analysis and calculation of the equation of the expanded measurement uncertainty for a
certain measurement range
e Diagrams of the expanded measurement uncertainty for a certain measurement range
e Correlation analysis of the result quantities.

and measurement software

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.

1.2 Validation of the QMSys GUM Software

QMSys 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.

During the development, the emphasis was put on usability and robustness of the QMSys GUM Software.
Please contact us by email to qualisyst@gsyst.com in case you face any problems, and we will assist you in solving
the problem as soon as possible.

— RMSys
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1.3 Editions of the QMSys GUM Software

Main software editions

e QMSys GUM Enterprise provides the highest-precision analysis of the measurement uncertainty for all
types of measurements by offering a variety of settings for the analysis methods

¢ QMSys GUM Professional offers accurate analysis of measurement uncertainty for linear and nonlinear
models with symmetric or asymmetric distribution of the output quantities when using optimized settings
for analysis methods.

B Model Edit Functions Help

B- &, o w'D

— RMSys
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Additional standalone software editions

The following software editions offer calculating the measurement uncertainties by using the model files, prepared
with the software editions QMSys GUM Enterprise / Professional.

¢ QMSys GUMX Excel Add-In offers full integration of the measurement uncertainty calculation in MS
Excel. The software QMSys GUMX also calculates the measurement uncertainty of unlimited number of
measurement series (result quantities with identical measurement model) using a model file for only one
set of measurements. This functionality is particularly useful when calibrating in several points of the
measuring range, in addition, it simplifies the measurement models.

e QMSys GUM Calculator is designed primarily for the operators of the measuring instruments with
minimum training requirements measurement. The graphical user interface is based on the optimized
user interface of the software editions QMSys GUM Enterprise with some restrictions of the editing
functions for the models of the measurement process, which prevents unwanted change of the developed
models. The edition QMSys GUM Calculator offers the same methods for calculating the measurement
uncertainty, and statistical and graphical evaluation as the software edition QMSys GUM Enterprise.

e QMSys GUML Developer Library is a dynamic-link-library for integration of the measurement
uncertainty calculation in custom specific projects as software for processing the raw measurement data,
calibration management systems, LIMS, etc.

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

Key features

Function GUM GUM GUM GUMX Excel
Enterprise Professional Calculator Add-In
Modelling the measurement process v v x x

Models for flow measurements in open channels
Several output quantities

Indexed input and output quantities

Expert analysis

GUM Method for linear models (GUF)

GUM Method for nonlinear models (GUF-NL)
Monte Carlo Method (MCM)

Calculation of nonlinear uncertainty contributions
Suitable for linear and quasi-linear models
Suitable for non-linear models

Proof of capability and compliance assessment
Uncertainty budget

Extended analysis of several output quantities
Reports and export

Single user version on a desktop computer
Portable version on a USB memory stick

Server version (concurrent user licenses)

m Modelling of the measurement process
Function GUM GUM GUM GUMX Excel

and measurement software

ANV N AN YAV U U U U U U N NI
AN NN YA UL U U U U U N N NN
ANA NN U NN VA YN U U U U U U NI N
¥ % XX A L L XXX s XXX

Enterprise Professional Calculator Add-In
Free definable model equations v v x x
Models for flow measurements in open channels v x x x
Number of the input and output quantities unlimited
Catalog of measurement units
Correlation matrix of the input variables
/ Validation of the correlation matrix
Optimizing of the correlation matrix v v x x
Note: The software editions QMSys GUM Calculator and QMSys GUMX Excel Add-In use the model files,
‘ prepared with the software editions QMSys GUM Enterprise / Professional.

AR RN
AN
x % %
x X %
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Function

Type A Input Quantities
Method of Observation

Number of observations
Data import via clipboard
Import from Microsoft Excel file
Determining of the standard uncertainty
Correlation analysis of the observations
Statistical analysis, histogram

Type B Input Quantities

Estimate of the uncertainty

Probability distributions

Entering the distribution parameters

Relative uncertainty error
Import from Microsoft Excel file
Import from *.gmf files

Expert Analysis
Function

Linearity test

Validation of the results

Analysis of the probability distribution of the
output quantities

Checking for correlated input quantities with a
finite degree of freedom

Checking for non-linear correlated input
quantities

Checking for non-linear non-normally distributed
input quantities

GUM GUM GUM GUMX Excel
Enterprise Professional Calculator Add-In
v v v v

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

unlimited

AN R NN
NI NI NI N N N
AN NN Y
NI NI NI N N N

v v

e Expanded uncertainty with normal or t-distribution

e Standard uncertainty with normal or t-distribution

e Limit of error with rectangular distribution

« Relative limit of error with different distributions

e Probability distribution

¢ Automatic calculation of the standard uncertainty of the molar
mass of chemical compounds

¢ Normal distribution ¢ Log-normal distribution

o t-distribution ¢ Rectangular distribution

e Triangle distribution e Trapezoidal distribution

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

« Cosine distribution « Half-Cosine distribution

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

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

v v v v

v v v x
GUM GUM GUM GUMX Excel

Enterprise Professional Calculator Add-In
Yes, calculated in six points for each input x
variable
Yes, value and combined standard uncertainty x
Yes, symmetry and type of the probability x
distribution

v v v x

v v v x

v v v %

Methods for calculation of the measurement uncertainty

Function

GUM Method for linear models (GUF)
Calculation of sensitivity coefficients
Calculation of the effective degrees of freedom

Calculation of the expansion factor for any
coverage probability

Expanded uncertainty
Validation of the GUF Method

GUM GUM GUM GUMX Excel
Enterprise Professional Calculator Add-In
v v v v
v v v v
v v v v
e Normal distribution o t-distribution
¢ Rectangular distribution e Triangle distribution
* Trapezoidal distribution ¢ Other symmetric distributions
v v v v
v v v x
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Function GUM GUM GUM GUMX Excel

Enterprise Professional Calculator Add-In
GUM Method for nonlinear models (GUF-NL) 4 v v v
Non-linear sensitivity analysis v v v v
Sensitivity indices of higher order up to 3rd order up to 2nd order
Calculation for correlated input variables v v v v
(all distribution types)
Calculation of the effective degrees of freedom v v v v
(also for correlated input variables)
Calculation of the expansion factor for any ¢ Normal distribution o t-distribution
coverage probability ¢ Rectangular distribution e Triangle distribution

* Trapezoidal distribution ¢ Other symmetric distributions
Expanded uncertainty, coverage interval v v v v
Validation of the GUF-NL Method v v v x

Monte Carlo Method (MCM) v v v v

Number of simulations 10* to 108 10* to 106

e CMWC4096 by Dr. Marsaglia - 6,58*1039460
Random number generators - Period e Mersenne Twister - 4,32%106001

e Wichmann/Hill - 2,63*1036
Adaptive Monte Carlo Procedure v x x x
Calculation for correlated input variables v v v v
(all distribution types)
Validation of the Monte Carlo method v x x x
Expanded uncertainty, coverage interval v v v v

(also for asymmetric distributions)

Evaluation of the results

and measurement software

Function GUM GUM GUM GUMX Excel
Enterprise Professional Calculator Add-In
Uncertainty budget 4 v 4 v
Sensitivity, relative contribution, and Pareto v v v x
diagram
Statistical analysis of the resulting quantities v v v v
Proof of capability v v v v
Compliance assessment v v v v
Documentation fields v v v v
Extended Analysis of Several Output v v v v
Quantities
Summary table of the resulting quantities v v v v
Regression analysis - calculation of the equation v v v v
of measurement uncertainty for a particular
range
Correlation analysis of the resulting quantities v v v v
Diagrams v v v v
Print and Export 4 v v v
Custom RTF templates (MS Word) v v v x
Custom Excel templates v v v v
Export to clipboard v v v v
v v v v

Export to Microsoft Excel

— RMSys
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2. 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.
Budget - this view presents the results of the analysis in the registers GUF, Charts and MCM
Summary - documentation field for summarizing the results.

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

B8 Model Edit Functions Help

Bd AN N Fat RACR S0

Mame: ‘ca\ibrah’un of a dial gauge in accordance with DIN 878

Method: [Z] GUF [ NL MM Adaptive Tolerance: [1.05_ | Trals fcyde |10 000 + Trigls: | 220.0[x10% (Minimum trials: 219.8x10%)
Mandat= {0 v[ wr)[Bll U|d- £ -xx ]2 ==5=- /9 B g B-[%- 9o
Description Calibration task
Model Determine deviation span and measurement uncertainty for the calibration of a dial gauge in accordance with DIMN 876 {object to be calibrated).
Information on the object to be calibrated
Total budget Dial gauge in accordance with DIN 878, measuring span 10 mm, scale interval 0,01 mm
Information on standard measuring equipment/calibration equipment
Cbservations ‘ Calibrated testing equipment for dial gauges with incremental displacement measuring system sening as length standard. Numerical interval of display 0,1 pm
Correlations ‘ Test set-up
N 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 in such a
Exp. analysis manner that their plungers touch the top and bottom, respectively, of the shifting device. The direction of mation of the plungers is taken into account by selecting the appropriate
sign at the display device.
GUF
4 Object to be calibrated
Charts |
MCM
. i /\/\/'\
Summary E
' Ly length of plunger of dial gauge
Le . m [, length of plunger of incremental displacement measuring
- system of standard measuring equipment
Lz length of shifting elements of standard measuring equip-
Testrig ment
Ly v Ls length of test rig (effective length)
) t, average ambient temperature
2
=
:E_ Reference standard —
8 —
: s (Eloclol
= \ — I
= — —
[T}
& Fig. B1. Test set-up for calibration of a dial gauge
)
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e

2.1. View Main data
2.1.1. Register Description

In the Description register, 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 pasted from the clipboard or with the Znsert 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.
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2.1.2. Register Model

The dialog page Model in the view Main data holds the mathematical model of the uncertainty analysis and the
parameters of all quantities.

In the upper field on this page, the equations of the mathematical model can be entered. 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.

S Model Edit Functions Help

Ty
L AN I Fasrs

MName: |:a|ibrah'ur| of a dial gauge in accordance with DIM 878
Method: (P GUF [In. | [ mMcm [] Adaptive Tolerance: Trials / cycle [10 000 v Trials:| 220.0/x10% (Minimum trials: 219,8x10%)
A ‘ 4 | [arial v w6t B I U A4-3x |0 Ff|i)@Q
Description k=lh+3IN+Blv+Ble
Model 8 Iv=In*(an - am)*(tm - to) + (In * (an +ax) - (Ln *an + Lxax+ Le *ag))* &t + Ls*as™d ts
Total budget | Blec=06lco + B lae
Observations |
3 Name ‘Inﬂuance of standard
Correlations |
Type ‘T‘;’DE B L4 | Unitlmm R | Uncert. unit jpm -
Exp. analysis Uncertainty estimate |Pmbab\|\ty distribution v ‘ 2.275 % ® 97.725 %
Distribution |Normal v‘
Value a|mm
GUF
Stand. uncertainty 0.00026 | mm
Charts Coverage probability 95,45 | %
MCM Coverage factor 2.00
Summary
ay
U %,a,p a-a+p
Ly
Ly
Le
ag
Bt
] Lg
2 o
E- S
£ Bts "] import from MS Excel
u Blzo F\Iel |
g Slgs Worksheet | [ 8] / \
(L)
> 0.52x102 0.0 0.52x10%
o
(= C:\OMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\WDI_2618-1-2 Calibration of a dial gauge.gmf |Baswc units | ‘ =] |§|= GB
e

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.

11
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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.

2.1.3. Register Total budget
In the page Total budget, you can activate the summary of the results in a table and set the parameters for the

regression analysis or the correlation analysis of the resulting values. Automatic entering is possible with the built-
in search function.

B2 Model Edit Functions Help

A-F- Wl Vw-OoR XlEo-BREL 7

Mame: Calibration of a gguge blocks 1, 5, 10, 20 and 50 mm

Method: [?] GUF  []nL MCM Adaptive Tolerance: |U.25 v| Trials / cyde | 10000 \ Trials: xm3 { Minimum trials: 219.8x10%)
Main data Total budget
Desaription Summary table of the results
Cal
m Model e ug::mm_ A Chart [ Correlation analysis of the result quantities
k P p—— = Basic quantity |nominal length of the gauge blocks |
otal budge alue
Symbol |
m Comb. stand. uncertainty b :l
E Observations | Distribution Exp. uncert. D
Series
i v| Coverage factor
Correlations | Cnveraze probabilty [ Max. permissible uncertainty
I' Exp. uncert. uant:
k Exp. analysis Expanded uncertainty = Quantity b4
G
0 Lower interval limit ba [nm] Lol
w| L:
Upper interval limit bes Il s [mm]
7)) e S canatity bezo [m) Lio [om]
charts [ tndex bezp [nm] Lzg [mm]
A ¥ ar
v L:
[ Limit value biso [nm] s [rm]
: MM -
[ Min. Tolerance
m Summary [] Compliance
[P -inside
[1P - outside
m [] Lower specification limit
[] Upper specification limit
k [1 Basic quantity
: 2 [ value v
=
) E [ | ot B LU A e e [E]= == 2= o B 50 o
® £
=
QO 2
4]
E ;
=
wu
=
(5] C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-54s-Calibration of a gauge blocks 1,5, 10, 20, 50mm.gmf [a] [EEE=
Q -

2.2. View Observation

The view Observation processes the values of repeatedly observed quantities. The data are typed into a table,
the structure of which depends on the method of observation.

IS Model Edit Functions Help

Name: [CALERATION OF A WEIGHT OF NOMINAL VALUE 10 KG
Method:[(Z]GUF [ ML | []McM Adaptive [0.26 10000
sy | [arial v 6t B I U A-xx| 9 Ff @

Description mx = ms + O6mp + dm + dmc + 8B
Model

Total budget ‘

Name [observed difference in mass between the unknown mass and the standard

Type [Type A ~| Unit)g v|  uncert. unit mg v

Observatons || (]| /24 7.2l
‘ Quantity ©

Correlations

my Method of sbservation Indirect v || Scheme
=
Exp. analysis Data type Values N..Explnahun
O ocied ectmane 7| oo B
W2, |2 weight
Uncertainty estimate (Stand. deviation ~
= 3 weight
Number of observations 3ty P |
harts Distribution () t-distribution (&) Normal j-‘]
Degreesoffiesdom| 2|
Summary Stand. uncertainty 144 mg

] import from MS Excel
Fie | |

Worksheet | | 2]

Evaluation [AVG(v2;v3)-AvG(v1;v4) |

[rial v wrl B U d- 2.5 x |5 FiE- 0 B i FH -
Comparator (dm): A previous evaluation of the repeatability of the mass difference between two weights of the same nominal value gives a pooled
estimate of standard deviation of 25 mg.

Measurements: Three observations of the difference in mass between the unknown mass and the standard are obtained using the substitution
method and the substitution scheme ABBA ABBA ABBA:

@
a
=
g
£
z
2
c
prr
=
=2
o
w
S
w
=
=4

C1\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf [ [EEE

R3S ys
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B = N Iy = | I=X oo -
BT raeh i
MName: |CALBRATION OF A WEIGHT OF NOMINAL VALUE 10 KG
Method:[?] GUF [ ML []mcm Adaptive [o.25 ] [000 ] 220.0
Main data Bm |
Desaription Name |observed difference in mass between the unknown mass and the standard
Model Method | Indirect Unit|g
Total budget Mo. | Explanation Reading Observations
stand. 0.010
Observations weight 0.020
Correlations | weight L
stand. 0.015 0.010
Exp. analysis 2 stand. 0.025
weight 0.050
Budget weight 0.055
stand. 0.020 0.030 || £ .
3 stand. 0.025 T g
weight 0.045 El g
weight 0,040 £ P
stand. 0.020 0.020 || B =
@
2
E (x10%)
e Mumber of values 3 Mean value 0,0200 |Skewness 0.000
=
w Minimum 0,0100 |Variance 0,000100 |Kurtosis 1.500
5 Maximum 0,0300 Stand. deviation 0,0100 |Mormal distribution (P=99%) Yes (T=0.175; K=0.868)
o Median 0,0200 |Stand. uncertainty 0,00577 |Outliers (P=95%) Mo (T=1.000; K=1.154)
L% Range 0,0200 Bayesian stand. uncertainty - |Qutiiers (P=99%) Mo (T=1.000; K=1.155)
=
(=4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf | ‘ =] |: : GB
=

The data for an observed quantity of type A can be imported from the clipboard or from a MS Excel file. The data
are read in, checked, and inserted in the observation table. Any existing data will be replaced by the imported
data.

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

2.3. View Correlations

and measurement software

In the Correlations page, known correlations between the input quantities are entered in a matrix of correlation
coefficients. The software analyzes the correlation matrix (Eigen value decomposition) and checks if the matrix is
positive semi-definite.

The button Correlation analysis for type A quantities will start an analysis for possible correlation between
measurands. A prerequisite for a correlation analysis is that the number of observations of the two quantities
must be equal and that all the observations are filled in and are valid.

13

52 Model Edt Functions Help S 2a K Fa =Bl B4 Correlation analysis for type A quantities
m Marne: 4.2 Simultanenus resistance and reactance measurement | Cuankity 1 | Quantity 2 | Yalue
Methad: V] GUF [ JML | [] Monte-Carlo v 1 -0,3553
Main data BRE. S, ||The correlations mattix is positive semi-definite, ¥ w 08576
Diescription ¥ I P I w -0,6451
’
I -0,3553 1
Total budgst ® 0,8576 | -0,6451 1
Correlations
m ey @ Decirnal places| 4 *;| £ oK | ’ Cancel ]
If correlations between input values are taken into consideration, the description field should contain the reason
why, and where the correlation coefficients came from.
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2.4. View Expert Analysis

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:
o 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.

Name: |GLIM Supplement 1 - Example 9.4.3.2.1 - non-zero covariance

Method: |v| GUF ML McM [] adaptive Tolerance: |1.D§ " | Trigls f cyde | 10 000 | Trials: xll]-‘ { Minimum trials: 200.0x10%)
Main data Recommended method: Monte-Carlo method Apoly
Description
1. Linearity of the modek o
Model Res. quantity Linearity Nonlinear input quantities Maox. nonlinearity in (+o/2) Max. nonlinearity in (o) Max. nonlinearity in (+a)
Total budget By Mo
Observations | Invalid (zero) sensitivity coefficients
Correlations | i %
B aale 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 & A Value A Comb. stand. uncert. | Validity
GUF By 5 5 5 6 -5
0,0 0,0 49.937x10 67.002x10 3,35x10 -49.987x107® -67.002x 107 Mo
Charts
3. Symmetry of the distribution of the result quantities: No
Res. quantity Skewness Type of distribution
Summary dy 0.00 Agymmetric distribution

I3 4. Correlated input quantities with finite degrees of freedom: o

£

e 5. Nonlinear correlated input quantities: Yes

G Xyr Ky |

=

=

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

5.

&

=

(= C:\QMSys GUMYQGUM Enterprise 5.1\Examples\GUM Supplement 115UM Supplement 1 Example 9.4.3.2. 1.gmf Basic units | | B |:: : GB
=

Example: Expert analysis of a linear model.

E Model Edit Functions Help

AP Wa,  w o X so R

Name: CALERATION OF A WEIGHT OF NOMIMAL VALUE 10 KG

Method: [Z]GUF  [InL | [IMcM Adaptive o2 ] [10000 ] 220.0
Main data Recommended method: GUF for linear models apply

Description
1. Linearity of the modek Yes
Model Res. quantity Linearity Nonlinear input quantities Max. nonlinearity in (+o/2) Max. nonlinearity in (+o) Maxx. nonlinearity in (+a)
Total budget m, Yes
Observations |
2. Validity of the results of the equivalent linear model: Yes
Correlations | Res. quantity Linear model Quasi-real model Validation of the results of the linear model
2 = Value Comb. uncertainty |Value Comb. uncertainty | Tolerance 3 |A Value A Comb. stand. uncert. | Validity
%p. analysis
my [g] 10000.0250 0.0293 10000.0250 0.0293 0,005 0,0 0,0 Yes
Budget
3. Symmetry of the distribution of the result quantities: Yes
Res. quantity Skewness Type of distribution
My 0.00 Normal

5]

4, Correlated input quantities with finite degrees of freedom: o

Summary

=

= 5. Nonlinear correlated input quantities: No

i}

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

J

v

=

u

=

[ C:\OMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf | | 5 |:::: GB
==

E
%
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2.5. View Budget
The result of the analysis is presented in pages GUFand Monte Carlo 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 Inferim results are only shown with the value and
the standard uncertainty. Additional columns can be activated in the Budget menu.

ﬁ Model Functions Budget Help

B-F - dd Tw-on X Eo BRER 2%

Mame: |ca||brahon of a dial gauge in accordance with DIN 878 ‘
Method: ' GUF NL MCM Adaptive Tolerance: |1.06 v | Trials [ cyde ‘ 10 000 vl Trials:|  220.0) %103 ( Minimum trials: 219.8x103)
Main data K
Description Quantity Value Stand, uncert. Distribution DoF Sensit, coeff, Uncert. contribution | Rel, contribution Bar chart
Mode! Iy 9,0047000 mm 0,0577 pm Rectangular @ 1,00 0,0577 pm 0.15 % |
Bly 0,0 mm 0,260 pm Mormal == 1,00 0,260 pm 3.03 % I
Total budget -1 s
ay 8,500x107° K 0,981x107 K Rectangular [==1 0,0 K'mm 0,0 pm 0.00 % |
Observations | ay 0,01850x 103K ! 2,14 108K Rectangular @ 0,0 K>mm 0,0 pm 0.00 % |
tm 20,000 =C 0,577 °C Rectangular [x] -0,0900x 10-% mm-=C -0,0520 pm 0,12 % |
Correlations | tp 20 °C
- - ay 0,01150% 102 K1 1,33x108 KL Rectangular = 0,0 K'mm 0,0 um 0.00 % |
P analysis Ly 120,00 mm 5,77 mm Rectangular [==1 0,0 0,0 pm 0.00 % |
e Lx 70,00 mm 5,77 mm Rectangular [==) 0,0 0,0 pm 0.00 % |
udge!
_ Lg 20,0000 mm 0,0577 mm Rectangular [x] 0,0 0,0 pm 0,00 % |
GUF ag 0,01150x 101 1,33x10°8 KT Rectangular = 0,0 K'mm 0,0 um 0.00 % |
Charts 5t 0,0K 0,173K Rectangular @ -0,00187 mm Kt -0,325pm 4.72% ]
Ls 155,000 mm 0,577 mm Rectangular [==1 0,0 0,0 pm 0.00 % |
MCM as 0,01050x103 KL 12110k Rectangular @ 0,0 K'mm 0,0um 0.00 % |
w1
Bt 0,0K 0,144K Rectangular @ 0,00163 mm-K 0,235 um 2,47 % i
Bly 0,0 mm 1,00510% mm Rectangular @ 1,00 1,00 pm 44,76 % [
Blas 0,0 mm 1,005 0% mm Rectangular @ 1,00 1,00 pm 44,76 % [
Value Comb. stand. uncertainty Effective degrees of freedom Sign. digits
ke 3,00470 mm 1,49 pm @ 3
Value Expanded uncertainty Coverage factor (Probability) Distribution Sign. digits
Result 93,0047 mm + 3,0 pm 2,00 (95,45 %) Mormal Spec. format
Capability Index Cm Limit value Min. Tolerance
Yes 5.0 = 0,024 mm
Compliance P -inside P - outside £,3850 3,0150
Pass 100.0% 0.0% 8,5820 8,5880 5,0120 9,0180
o GUF validated: Tolerance &: A Value: A Comb. stand. uncert.: Coverage intervals: Unit [mm]
fa Yes 0,5%103 -10.00000x10° | 0.0 GUF [9,00171:9,00769] MCM [9,00181:9,00760] d [-0,1x10:0,09x1073]
-
= MCM: Value |9,00471 mm Comb. stand. uncertainty | 1,49 pm Expanded uncertainty | £ 2,5 pm
-
=
- [ara v o B LU A& xSl S=ES5iE- 0 Bi B %00
a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by ~
@ the coverage factor k= 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
el w
%]
=
(a4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\WDI_2618-1-2 Calibration of a dial gauge.gmf | ‘ =] |: :‘ GB
=

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 page Charts helps the user quickly to identify the most significant sources of uncertainty. The software offers
several types of charts and adjustable limit of the cumulative relative uncertainty contribution.

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

Name: |calibraton of a dial gauge in accordance with DIM 878 |
Method: -~ GLF NL MCM Adaptive Talerance: | 1.08 vl Trials [ cyce ‘ 10 000 vl Trizls:| 220.0x10% {Minimum trials: 219.8x10%)
Main data
Description Quantity Uncert. contribution Rel. contribution
Mode! Bl 1,00 pm 44.75 %
Total budast Blas 1,00 pm .76 Yo
otal budge 5t 0,325 um 472% 181
Observations | By 0,260 um 3.03%
Bt 0,235 um 2.47% L4
Correlations | Other 0,0777 pm 0.27 %
ke 1,49 pm 124
Exp. analysis —_
g
2 104
Budget c
=l
2 0.8
5
< 064
3
3
0.2
& Bleo Blas Bt By Bts Other k
o
=
= i iE - - x° = S Fao ¥ B =
= arial V[ ot B I U |4 &% SIS SSHiEe B KR X 06
a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by A
v the coverage factor k= 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
Ed L
)
-
(=4 C.\OMSys GUMYQGUM Enterprise 5.1\Examples\EA 4-02\WDI_26518-1-2 Calibration of a dial gauge.gmf | | = |:; :: GB
e

E Model Functions Budget Help

BA AN N WStk S0

and measurement software

Mame: |ca|ihraﬁnn of a dial gauge in accordance with DIN 878 |
Method: - | GUF ML MCM Adaptive Tolerance: |1‘05 v| Triale / cyde | 10 000 v\ Trials:| 220.0|x10% (Minimum trials: 219.8x10%)
Main data
Description Quantity Uncert. contribution Rel. contribution
Mode! Bl 1,00 pm 44.75 %
Total budast Bles 1,00 pm .76 Yo
otalbudge Bt 0,325 um 2472% - 100
Observations | By 0,260 pm 3.03% a0
Btc 0,235 um 2.47 %
Correlations | Other 0,0777 pm 0.27 % a0
1,49 pm Iy
Exp. analysis k — 70 £
= 5
Budget = - 60 E
5 5
E Fso  §
= T
s B
z 2
« ko =
E
5
- 20
- 10
8 0- -0
E Blep Bles Bt Bly Bte Other
@
2
&
= Arial LY RNEET S i) Gl
a The expanded uncertainty of measurement for the displacement of 8 mm is obtained by multiplying the standard uncertainty by A
v the coverage factor = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
Ed W
)
-
(=4 C.\OMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\WDI_2618-1-2 Calibration of a dial gauge.gmf | ‘ =] |:: :: GEB
SR

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 nhumber of significant digits (2 to 5). The software
offers an alternative calculation of the tolerance & 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 for using MCM or another appropriate
method instead.

— RMSys
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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.

Name: |calibraﬁon of a dial gauge in accordance with DIM 878 |
Method: | GLF NL MCM Adaptive Tolerance: Trials:| 220.0|x10% (Minimum trials: 219.8x10%)
Main data |
Description
; HesulE lla | GUF Normal distribution v|
Model Value 9,0047 mm
i +
bud Comb. stand. uncertainty 1,50 pm Additional dasses
Totalbudget ||\ panded uncertainty £2,9um|| | mcm 9,00179 (2,275 %) 9,00470 9,00760 (97,725 %)
Observations | Coverage interval [9,0018;9,0078] mm || | GUF 3,00171 (2.275 %) 9,00470 9,00768 (37.725 %)
Expanded rel. uncertainty £0,032 % i
Correlations | Coverage factor 1,94
- . | Coverage probability 95,45 %
x%p. analysis =
Proof of v
.
Index Cm 5.2
GUF Limit value 4 —_
=)
Charts Min. Tolerance 10,0233 mm ;;: §
[« t = a2
m M Compliance Pass @ Z
- =3 T
k Summary P - inside 100.0% | | § T
P - outside 0.0%|| | 5 =
— 2 ]
_ =
Minimum 8,99956 mm
‘l Maximum 9,00927 mm
th Median 5,00469 mm
° Range 0,00970 mm
Mean value 9,00470 mm
m Stand. deviation 0,00150 mm
Skewness 0.008
) Kurtosis -0.486
: Quantie (2.275%) 9,00179 mm
o
m n Quantile (97.725%) 9,00760 mm 9.0025 9.0050 9.0075
T . . . X
2
E E MCM validated:  Yes Tolerance: | 0,5%102 :25(y):| 7,59x10°% 25(u): | 3,76x10°% 25(ydow): | 0,0122x10%  25(y-high): | 0,0139x10
=
= " U|d-#-x . Py o B M-
= rial . v“m;ll}]_.__ o = = =l ﬂ‘bs. X i)
m a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by ~
g n the coverage factor k = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
Ed w
3| E
=
m (&4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02WDI_2618-1-2 Calibration of a dial gauge.gmf | ] '.: :: GB
m Budget Help
M) oI V=X g M £
E & SR X
MName: |Ca|ibraﬁun of a gauge blocks 1, 5, 10, 20 and 50 mm |
b Method: - GUF ML MCM Adaptive Trials /[ cycle x10%  ( Minimum trisls: 219.8x10%)
: Mo oS b e (b hoo beo | = |
Description Quantity Value Comb. stand. uncertainty | Distribution | Coverage factor | Coverage probability | Expanded uncertainty | Lower interval limit | Upper interval limit
(U Model by 1,000162 mm 27,30m Triangular 1,93 95,45 % +53nm 1,000109 mm 1,000215 mm
Total budaet ks 4,5959398 mm 23,7 nm Normal 2,00 95,45 % £ 57 nm 4,999841 mm 4,999955 mm
ot budge kg 10,000180 mm 29,4rm Normel 2,00 95,45 % =59mm 10,000121 mm 10,000233 mm
Obeervations | ko 20,000244 mm 3L,3nm MNormal 2,00 95,45 % +£63nm 20,000181 mm 20,000307 mm
ko 50,000276 mm 35,3nm Normal 2,00 95,45 % +71nm 50,000205 mm 50,000347 mm
Correlations |
Exp. analysis ] Regression analysis Scatter Line
£E 75
5
GUF 5 5
5 60y
Charts 2
B 559
MCM £ 504
g 45y
Summary 40
359
309
255
20
159
109
54
0,0 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
0,0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 M 46 43 50 52
nominal length of the gauge blocks
mm
Correlation coefficent 0.978
@ Equation of the fitting line (54,7 + 0,340 *L) nm
E Equation of exp. uncertainty | (56,2 +0,340 *L) nm
2
= =
iz Arial v wr|B U A~ 2 - x° = F“ '.- ¥ .
£ rial : |_| &‘ L ¥ (E Eidhal B X ", 0‘
- Equation for expanded uncertainty:
=
=2
[} U=0,06pm + 0,33*10%*L, where L is the length of the gauge block in [mm].
3
"]
=
(&4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-54a-Calibration of a gauge blocks 1,5, 10,20, 50mm.gmf ‘
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3. Program Menu, Toolbars, and Input Fields

3.1. Program Menu and Main Toolbar
|§|§ GE | | Language Selects another language.

Language files are normal text files in the program folder
Languages and can be open with programs like MS Notepad.

I I Move Up Toolbar moves up or down.
Move Down
New Creates a new uncertainty analysis.

* Model: All types of measurements - default option for developing
new models of the measurement process

¢ Model: Measurement of flow in open channels - models with
extended functions for the assessment of uncertainty in flow
measurements made using the velocity-area method and
computed by the mid-section and mean-section method described
in the standards ISO 748:2007 and ISO 1088:2007

o Import: Import of files from the GUM Workbench program.

L
4

Open The Open command reads in an existing uncertainty analysis from

@I a file. The Recent files folder in the Mode/ menu lists the previous
files that you have opened.
E Save Saves all changes made in the loaded file.
Save as ... The "Save as..." window will pop up. Here you can give the new
L. name and path of the current uncertainty analysis.
:_ Cancel After a safety message appears, all changes are rejected.
E Model analysis The program will analyze the model equation and produce a list of
symbols.
\: System of Defining a supplementary system of measurement units and
measurement units switching between the basic and the supplementary system.
MC Simulation Starts a new simulation for the Monte Carlo method.

Automatic uncertainty | Starts the expert analysis, then selects the appropriate method

B EO

analysis (GUF or MCM) and automatically calculates the measurement
uncertainty.

Properties Calls a window, containing settings for the current uncertainty
analysis.

Import measured This function imports measured values from the clipboard for an

= values from the observed quantity.
clipboard

descriptions as well as the uncertainty budget.

Export to MS Excel Exports data from QMSys GUM Software to MS Excel.

@l Print The Print command creates a report. It contains all given data and

N Result export in MS Exports the data of the results in MS Excel template.

LS Excel file

ﬁ \: Copy Copies the selected data or graphic into the clipboard.
Help Opens this file, containing help-information about the program.
Exit An exit from the program.

Menu Model -> Preferences
The Preferences command from the Mode/ menu lets you set the general settings for the numerical
representation, the Monte Carlo method, and other options.

Menu Model -> Catalog of units
This command opens the catalog of measurement units for editing. New units can also be inserted or edited;
standard units cannot be changed.
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3.2. Input Fields

Methods to calculate the measurement uncertainty
Method: W] GUF [ ML MCM Adaptive Tolerance: Trials f cyde Trigls:|  220.0|x10% ({ Minimum trials: 219.8x10%)

GUM-Method
The following settings are available:
e  GUF - checkbox for enabling / disabling the GUF-Method for linear models
e NL - checkbox for enabling / disabling the GUF-NL method for nonlinear models

Monte Carlo Method
The following settings are available:

e MCM - checkbox for enabling / disabling the Monte Carlo method

e Adaptive - checkbox for adaptive Monte Carlo procedure

e Tolerance — value from 0.1*® up to 1.0*d for the stabilization of the parameters of the simulation

e Trials/cycle - number of simulations (trials) per cycle

e Trials - total number of simulations - from 103 up to 108.
The minimum number of trials according to GUM Supplement 1 is computed automatically.
A basic implementation of an adaptive Monte Carlo procedure involves carrying out an increasing number
of Monte Carlo trials until the results have stabilized in a statistical sense. The result, the combined
uncertainty and the limits of the coverage interval are deemed to have stabilized if twice the standard
deviation associated with them is less than the numerical tolerance 8, associated with the combined
standard uncertainty (GUM Supplement 1, NPL Report DEM-ES-010 and NPL Report DEM-ES-
011). A diagram is showing the stabilization for each output quantity during the simulation.

Fields for quantity name, units and other texts

Additional Greek characters are available over the combination of keys “Ctr/ + s”or over the context menu
of the right mouse button.

In the fields for measurement units superscript and subscript formats are available over the combinations
of keys “Ctrl + Up Arrow’, " Ctrl + Down Arrow”or over the context menu of the right mouse button.

3.3. Additional Toolbars

Field for model equations

and measurement software

/‘Zlodg_'/ equations - in this view the equations of the mathematical model can be entered or
edited.
Preview of the equations - this view displays the full form of the model equations, when
indexed quantities are defined.
[ Validation of the measurement units in the equations — in this view is checked the
consistent use of the measurement units according to the rules of the SI system.
|£J Updating the validation of the measurement units — with this button the unit check can
be started again after correcting inconsistent units in the model equations.

List of quantities

Q] Edit quantities - in this view the parameters of the selected quantity can be edited.
|.§,'1, v] Sort quantities - the order of the quantities can be changed with the button.
alb Rename quantity - this button opens a window for entering the new designation of the
selected quantity.
l l Review quantities — this view shows a table preview with the names and the units of the
quantities.

Fields for model equations and descriptions
To these fields stands a button bar for formatting the texts. The selected font type and size in the equations field
applies to the entire field, not to individual elements. The other formatting functions can be set individually.

— RMSys
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Import of data from MS Excel file

Selection of a new or already associated MS Excel file.

L Selecting a worksheet from the MS Excel file.

= The linked file and worksheet will be replaced with the newly selected file and worksheet for all
input quantities.

s Opens the MS Excel file.

Method of observation for type A quantities, indirect measurements

=y’ | | Insert Measuring point insert.

=]

2= | | Delete Measuring point delete.
Move Up Measuring point upward shift.

Move Down

Measuring point downward shift.

Window Observation - Graphical display

il Classes Show / Hide classes.

s Function Show / Hide density function.

X Mean value Show / Hide mean value.

X Median Show / Hide median.

T, Left axis Selecting the scale type for the left axes: None, Absolute or Relative.
|£J Right axis Selecting the scale type for the right axes: None, Absolute or Relative.
Cy Labels Selecting the type of bar labels: None, Absolute or Relative.

g Histogram Show histogram.

i Cymulative Show cumulative histogram.

Histogram

@ Quantile Limits Setting the histogram limits: None; + 1S; + 2S; + 3S; + 4S; + 5S; + 6S.

View Budget — Monte Carlo Method

Probability Plot

% Histogram Show histogram.

i Cumulative Show cumulative histogram.

Histogram

A Probability Plot Show probability plot.
Cumulative Show cumulative probability plot.

Histogram and
compliance
assessment

Show histogram and zones of the compliance assessment.

. v| | Distribution

Selection of distribution for the GUF-Method.

For t-distribution, the degrees of freedom (3-100) are automatically
calculated. If the degrees of freedom are over 100, the normal
distribution is used. For trapezoidal distribution, the shape factor is
calculated automatically.
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4. Preferences, Model Properties

In QMSys GUM software the user can configure several aspects of the programs in the dialog windows
Preferences and Properties. The options in the Preferences dialog window apply to the program and in the
Properties dialog window for the current uncertainty analysis. The Preferences dialog is called via the menu
command Mode/ -> Preferences and Properties window is opened with the toolbar button Properties or via the
menu Functions -> Properties.

The Preferences dialog window is structured with the help of four register tabs grouping together different
configuration settings. All changes in the settings are automatically saved. The options in the Preferences dialog
window are used as default settings for any new analysis.

File-related options are set in the Properties window or in the text boxes on the appropriate program views and
pages. In the Properties window, the first author and date of creation of the uncertainty file, the last editor and
the date of modification, and the version of the file are also shown. The change in these settings has an effect
only on the current analysis and is saved only in the file.

Some setting options in the editions GUM Professional and GUM Calculator are fixed and cannot be changed.

4.1. General

On the General tab the following settings are edited:

Preferences
General Author | |
Values format Proof of capability and compliance assessment
Charts Capability index-Limit value [Cm(ICGM 106) » | 4|
Monte-Carla method Dedsion rule |N|:un -binary statement with guard band w |
Expert analysis
Files

Limit for nonlinearity

Colors of the quantities Limit for asymmetry (also for MCM)

GUFML Method for nonlinear models

Sensitivity index up to order
Limit for sensitivity

Import of data from M5 Excel file, export of the results
[ ] Automatic refresh of the imported data

[ ] Export of the results in the same import file

[ ] Automatic export of the results

[ ] open the file after the export

Reports with company logo Size: [mm w
o
&, OUALISYST ol T

and measurement software

I Ok ] [ Cancel ]

e Author - the author field contains the default value for the author of an uncertainty analysis. The author
and the current date are saved in the field Created when a new measurement uncertainty file is created.
When editing existing uncertainty analysis, the current editor and date are saved in the field Modified.

— RMSys
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e  Proof of capability and compliance assessment - in this area, the default settings for the proof of capability
and compliance assessment are selected.

e Expert analysis - in these fields are entered the limits for nonlinearity of the model, for asymmetry of the
distribution of the result quantities. The following table lists the default settings of the limits and the
expected errors in the combined measurement uncertainty under typical and worst-case conditions:

Parameter Limit Average Error Max. Error
Nonlinearity 0,05 +0,5% 1%
Asymmetry 0,5 +2% 4%
Sensitivity (GUF-NL) 0,01 £ 0,25 % 0,5%

e GUF-NL Method for nonlinear models - in these fields the order of the sensitivity index and the limit for
sensitivity are defined. The edition GUM Enterprise provides calculation of sensitivity indices to third
order (simultaneous interaction of two and / or three input quantities). The editions GUM Professional
and GUM Calculator calculate sensitivity indexes to second order (simultaneous interaction of two input
quantities). In the table of the measurement uncertainty budget only uncertainty contributions of higher
order with sensitivity greater than or equal to the entered limit are shown.

e Import of data from MS Excel — this option holds the checkbox for enabling / disabling the automatic
updating of data imported from MS Excel files. Additionally, can be adjusted the export of results in the
same or another file. If the automatic export is selected, the results will be written in the selected file
automatically after each calculation of measurement uncertainty and preparation of the budget. The file
containing the exported results can also be automatically opened for further processing.

e Reports with company logo - in this area, the settings for the company logo on the uncertainty of
measurement reports will be carried out. A graphic file with your company logo is selected with the File
button. After that, the logo is automatically converted and stored in the file "Logo.dat" in the program
folder. There is also the possibility of adjusting the size of the company logo on the report. The including
of the company logo in the report can also be turned on or off in the corresponding check box.

and measurement software
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4.2. Values Format

On the page Values format the following setting are edited:
Preferences

General General number format

Values format Number of sign. digits uly) U[‘ﬂ

Values < 10E-| & 4| 0.000001

Charts

Values = 10E | & *y| 1000000
Monte-Carlo method BT | 2310 %
Caolors of the quantities [] same exponent for value and uncertainty

Spedial formatting of the results

Value (0,000 E-format
Expanded uncertainty |0.000 E-format

Decimal symbal |, W

Coverage probability (3%) | 95.45

oK | [ Cancel

and measurement software

e General humber format - in this area are defined the number of significant digits and the range for
numbers, which will be displayed as an exponential expression (E-format). All numbers smaller than the
number, defined in the Values < 10E field or bigger than the number, defined in the Values > 10E field
will be given in the E-format. Additionally, you can set the e-format (e.g., x10°, E-6, .10°) and the
mantissa. The exponent is always a multiple of three and is chosen so that the mantissa is in the range
given by the Mantissa field. The option Same exponent for value and uncertainty forces the same
exponent on the value and the associated uncertainty of a quantity.

Special formatting of the results - in these fields the default settings for the special format of the value
and the expanded uncertainty are entered. The default coverage probability, the options for E£-format
and Decimal symbol of the result quantity can also be predefined. To format fractions, or numbers with
decimal points, include digit placeholders: # (number sign) displays only significant digits and does not
display insignificant zeros; 0 (zero) displays insignificant zeros, if a number has fewer digits than there
are zeros in the format.

If the special formatting of the result quantities in the view Main data on the register page Modelis not selected,
the expanded measurement uncertainty will be formatted with the given number of significant digits minus one.

oF 0,0g T, 77 mg Hectangaiar =) T,00 5,77 mg 9,737 [
alue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
my 10000,0250 g 29,3 mg @ 3
Value Expanded uncertainky Coverage Factor (Probability) Distribution Sign. digits
Result 10000,025 g + 59 mg 2,00 (95,45 %) Mormal z

— RMSys
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4.3. Charts

On this page can be selected the default chart type for the graphical illustration of the most significant sources
of uncertainty. The software offers several types of charts and adjustable limit of the cumulative relative
uncertainty contribution for simple models (max. 10 input quantities) and complex models.

Preferences

General Limit of the cumulative relative contribution

Values format Models with max. 10 input quantities %
A : - T
Charts Models with mare than 10 input quantities %o

Monte-Carlo method N e

Files Column - absolute contribution

Colors of the quantities

e

Bar - absolute contribution

Column - relative contribution

Bar - relative contribution

E

PFie - relative contribution

Pareto - relative contribution

- @

[ ] Labels

Ok, | [ Cancel
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4.4. Monte Carlo Method

On this page, the user can edit the settings for the uncertainty analysis using the Monte Carlo method:
Preferences

G I

Snera () Automatically determining the number of trials
Values format () Default number of trials xi0 3
Charts Mumber of trials per cyde |10 000 »

Random Mumber Generator |CI‘~"I'v."'.|'C4EIEIE 213088 o

[] seed 23373253
Files
Predision of correlation coeffidents
Colors of the quantities Capability index-Limit value

Presentation of asymmetric uncertainty
(&) U _low ; +U_high
() +HU_high ; U _low

Monte-Carlo methaod

Calculation of tolerance & for GUF validation
{(*) Number of significant digits

() Percentage of comb. uncertainty

MCM validation
Tolerance for stabilization

oK | [ Cancel

e General settings - at this area the total number of trials (simulations), the number of simulations in a
cycle, the random number generator, the fixed seed, and the precision of the correlation coefficient
between the simulated values (number of decimal places) are defined. A higher precision of the
correlation coefficients can also increase the computing time.

e Presentation of asymmetric uncertainty - here the order of presentation of the asymmetric areas of the
expanded uncertainty is selected, for example, [-0.14, +0.08] or [+0.08, -0.14].

e (Calculation of tolerance & for GUF-validation - the numerical tolerance & is determined based on the
combined standard uncertainty and the number of significant digits (2 or 3). The software offers an
alternative calculation of the tolerance & as a percentage of the combined standard uncertainty, which
allows a more accurate validation with a given probability.

Examples:
Comb. uncertainty Significant digit Tolerance Tolerance 0 as a percentage
(Significant digits) for calculating & of the combined uncertainty
0,1 (1) 2 0,05 50,00%
091 2 0,05 5,56%
0,10 (2) 3 0,005 5,00%
0,90 (2) 3 0,005 0,56%

e Validation of the Monte Carlo method - at this point the numerical tolerance for the stabilization of the
parameters of the resulting distribution is given. The possible values are from 0.1*0 to 1.0*0; GUM
Supplement 1 recommends the value 0.2*d.
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4.5. Files

On the Files page the following settings are edited:

Preferences

General Result quantities
Values format [] save the simulated values into a file
horte IC:\QGumENt_LogFile. bt |
Input gquantities
Monte-Carlo method ] ]
[] save the simulated values into a file
Files IC:\QGumENt_ILogFile. txt |
Colors of the quantities [] Create backup copy
Format
|“;-‘nFILEN.ﬁ.I'~"IE %% [backup Date(ddmmyyyy)_Time(hhmmss)] W |

VDI_2618-1-2 Calibration of a dial gauge [badwp
29042022_013108].gmf

and measurement software

| Ok, g [ Cancel

e Result quantities — with this option the user can enable the storing of the simulated values of the result
quantities in a specific file. The activation of this option will increase the computing time.

e Input quantities - this option enables the storing of the simulated values of the input quantities in a
specific file. The activation of this option will increase the computing time.

e Create backup - this setting enables or disables the automatic creation of backup copy file when saving
an existing uncertainty analysis. Pre-defined formats of the file name are available in the select list.

4.6. Colors of the quantities
For each quantity can be selected different font color to display the short hames of the quantities in general list.

By default, the undefined quantities are with grey font, results with blue font and all other quantities with black
font.

— RMSys
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5. Performing an Uncertainty Analysis

The steps below outline the basic procedure for creating an uncertainty analysis with the GUM QMSys Software:

1. A new blank uncertainty analysis starts with the command New / button. Alternatively, the user can open and
edit an existing analysis, and save it under a new name.

2. On the Description page in the view Main data the user can enter descriptive title and general description
of the procedure.

3. The mathematical equations of the measurement process are entered in the page Mode/ (see also the structure
of the model equation). With the Mode/ analysis command / button the program will analyze the model
equations and produce a list of quantities.

4. Processing of the quantities - the quantity type and other necessary details are entered for the quantity,
selected left in the list.
5. Observation data for quantities of type A are inserted in the view Observation.

6. The correlation coefficient between the input variables are analyzed or edited on the Correlations page in
the view Main data.

7. In the Total budget page the user can activate the summarizing of the results in a table and set the
parameters for the regression analysis or the correlation analysis of the result quantities.

8. With the selection of Expert analysis view an expanded analysis of the model is carried out. 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. With the Apply button the settings for the following
calculation of the measurement uncertainty are set automatically. Manual selection and adjustment of the method
for the uncertainty analysis is also possible.

9. With the selection of the Budget view the software applies the selected methods for the calculation of the
measurement uncertainty. The result is displayed in the pages GUF and / or Monte Carlo in the view Budget.

10. Generated reports can be stored, printed, or sent via e-mail.

11. The uncertainty analysis is saved using the command / button Save or Save as. For large models with many
quantities, it is recommended to save the analysis in different stages of the analysis process.

The button Automatic uncertainty analysisin the main toolbar performs the steps 8 and 9 — conducting the expert
analysis, selecting the appropriate method (GUF, MCM) and calculating the measurement uncertainty.

Note: For non-linear models do not insert any additional contributions that take into account the higher order
terms and this way correct the nonlinearity of the model - as in DKD-3 Example 4, uncertainty contribution u(aq,
At). With the GUF-NL method for nonlinear models the program automatically determines the uncertainty
contributions of higher order terms and takes them into account when calculating the combined measurement
uncertainty.

and measurement software

5.1 Validation of the GUM Uncertainty Framework Using the Monte Carlo Method

The GUM uncertainty framework can be expected to work well only for linear and nonlinear models with symmetric
distribution of the result quantities. Moreover, further requirements regarding covariance, degrees of freedom
and probability distribution of the input quantities should be considered. It is not always straightforward to
determine whether all the conditions for its appropriate application hold. Indeed, the degree of difficulty of doing
so would typically be considerably greater than that required to apply the Monte Carlo method. Therefore, since
these circumstances cannot readily be tested, any cases of doubt should be validated. Since the range of validity
for the Monte Carlo method is wider, it is recommended to use both methods and compare the results.

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 d in this comparison is
calculated based on the combined standard uncertainty and the number of significant digits (2 or 3). The program
offers an alternative calculation of the tolerance & 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.

— RMSys
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5.2. Rounding of Numbers

The numerical values in the uncertainty budget are rounded automatically according to the rules in EA - 4/02
point 6.3:

e The standard uncertainty, the combined uncertainty, the sensitivity coefficient, and the uncertainty
contribution are rounded to the specified number of significant digits, default value is 3.

e The expanded uncertainty is rounded to the specified number of significant digits minus one, default
value is 2. The software offers the possibility to enter separate special formatting for the value and
expanded uncertainty for each result quantity.

e The value of each quantity is shown with the precision of the corresponding standard or expanded
uncertainty.

e The coverage factor is rounded to three significant figures.

e For the roundness procedure, the rules for rounding from numbers are used (ISO 31-0: 1992, appendix
B).

e If the numerical value of the uncertainty decreases due to the roundness by more than 5%, the rounded-
up value is displayed.

Decimal symbol for values when specifying the quantity, in measurements and evaluations is determined by the
setting of MS Windows.
5.3. Pseudo-Random Number Generators

In the editions QMSys GUM Enterprise and QMSys GUM Professional you can choose between many
different generators.

and measurement software

Generator Period 2 Period 10*
CMWC4096 by Dr. Marsaglia 2131086 6,58%1(39460
Mersenne Twister 219937 - 1 4,32*1(06001
ISAAC 28295 1,10*102497
xor4096 240%6 1,05*101233
TT800 2800 6,61%10240
AES 2128 3,39%103%
Kiss123 2123 1,07*10%
Enhanced Wichmann-Hill 2141 2,63%103%
Taus113 2113 1,05%103
Taus88 288 3,09%10%
Salsar 270 1,17*10%
Standard 232 4,97*10°

By default, the CMW(C4096 generator is used to produce the random numbers. In the menu Mode/-Preferences
you can choose another generator.

5.4. Versions of QMSys GUM Files

QMSys GUM software saves the uncertainty analysis into binary files with extension “*.gmf”. The version of
the file corresponds to the version number of the program, with which the file is last saved. There are different
versions of the file structure (4.8 to 4.12, 5.1), all of which are backward compatible. A new version of the QMSys
GUM software can open and process files created with the older program version, while the files saved with a
newer software version are no longer readable with an older version.

The different editions of the QMSys GUM software (Enterprise, Professional, Calculator) use the same file
structure. Therefore, files created e.g., with the QMSys GUM Enterprise can be opened with any other edition.

The model files for the Excel Add-In QMSys GUMX are prepared with the software editions QMSys GUM
Enterprise / Professional and saved in the special format with extension “*.gxl".

— RMSys
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6. Creating the Mathematical Model Equations

In the upper field on the dialog page Mode/in the view Main data the equations of the mathematical model can
be entered. 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.

ES Model Edit Functions Help

A-F - dd, Te- O X g RUER

Name: |Cal|hrahﬂn of a type N thermocouple at 1000 °C
Method: [¥] GUF [ ML [] mMcm [] Adaptive To\eram:e: Trialsj'qfde Tr\als:}(ll)3 { Minimum trisls: 219.8x10%)
Main data @l v w5t B T U|lA4A.-xx |0 f @
Description Vi = Vix + 8Vixt + 8Vixe + 8VR + 8Vix + (1 - tx) / Cx - Btox / Cxo
pocd ty=1ts + Cs* GVis1 + Cs* 6Vis2+ Cs* VR - (Cs/ Csp) * Btos + Ots + Otp + Otr
Total budget |
Observations | : 2l - ab Name |vu|tage correction obtained from the calibration of the voltmeter :
Quantity (20) Type [Type B v Unitp v|  Uncert. unit jov v
Correlations | Vi Uncertainty estimate [Expanded uncertainty v 5% S 97.5%
m E lysi Vo Distribution (£ Normal () t-distribution
xp. analysis Vo
k Voo Degrees of freedom @
m ' Value ofpv
E GUF BV Expanded uncertainty 2.0 ||.|V -
Charts t Coverage probability 95.00 | %
t e Coverage factor 2.00
McH & Stand. uncertainty 1.00 pv
0 Summary Btox
m Cao
ts
“ Cs Import from MS Excel
< e |
BVisz Worl@heetl | l:‘
m by 2 0.0 2
° Btos — : - =
& Bts [Arial vl w0t B F U 4- £ xx gg::gs_:Evﬂ.‘;ﬁ B- %- K
m g 3o CALIBRATION OF THE VOLTMETER: The voltmeter has been calibrated. Corrections to the measured voltages are made to all results. The
k t Bte calibration certificate gives a constant expanded uncertainty of measurement for voltages smaller than 50 mV of U=2 pV (coverage factor k=2)
w
=
S S
T]
7)) 2
&
8 8 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-55.MC-Calibration of a type N thermocouple at 1000 *C.gmf ‘ | =] |:‘:: GB
E . > | [arizl vl ort| B 7T U | 4-x*x|[QF|K)d
T V=V +8Vixt + 8Vio + BVr + 8Vix ¥ e r(a[e z/u 0 1Kk A[m
< tk=1ts + Cs* 8Vis1 + Cs* OVisz+ Cg* (M = 0 NP 2 T V& X Waljy+ otr
N a By &/ nB 1 kAlp
vEilonpoTuvuogywoen
oA
[ oK ] [ Cancel
Il @l [ o B LU A xx0f 00
Vi = Vix + 8Vix1 + dViz + OVR + 8V + (1 - tx) / Cx - Btox / Cxo
tk=1ts + Cs* 6Vis1 + Cs* OVisz+ Cs* OVr - (Cs/ Cso) * Otos + Ots

The individual equations are separated by a line break. With the Mode/ analysis command / button or by leaving
the analysis equation field the program will analyze the model equations and produce a list of quantities. Note
that the equations in the equation field will not wrap around when their length exceeds the visible area. By using
the scroll bar, which appears below the equation field, the right-hand side of long entries may be inspected.

The equation field can be resized. When placing the cursor right below the equation field, it will change into a
divider symbol. By pressing and dragging, the proportion of the screen used for the equation field and the list of
quantities can be adjusted. The field equation can change in size by clicking on the lower separation line and by
moving it up or down.
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6.1. Structure of the Model Equation

The mathematical model represents the procedure of the measurement and the method of evaluation. It describes
how the values of the output quantity are obtained from values of the input quantities. An ideal measurement
model relating the input quantities to the output quantity is initially developed. The model is then augmented by
terms constituting further input quantities, describing the effects that influence the measurement.

In the GUM approach the input quantities are characterized by probability distributions and treated mathematically
as random variables. The probability distributions are chosen such that the estimates of the input quantities
correspond the expectations of the probability distributions.

The estimated values of the input quantities, the influence factors and the measurement results are related as
follows:

Result Quantity = f(Input quantities; Influence factors)

The right side represents an algebraic expression consisting of an appropriate combination of mathematical
operators and functions, as well as numbers and input quantities. The algebraic expression is evaluated according
to common mathematical rules of operation when the uncertainty analysis is performed.

The individual equations are separated by a line break.

Especially when the model equation is more complex and has a bigger number of input quantities it should be
split into smaller parts (and thereby made easier to understand) by introducing interim result.

The equations for interim results have the same structure as the model equation itself. The order of the equations
in the Equation field is irrelevant. For interim results the following rules must be followed:

1. Every interim result must be used on the right side of an equation.

2. Every interim result must be calculable without any direct or indirect use of its own value. Mathematical loops
are not allowed!

3. It is allowed to use interim result multiple times on the right side of other equations.

For interim result no separated uncertainty calculation is done. The value is listed in the budget for transparency
and traceability reasons.

Explanation texts inside of the model equation field must be enclosed with {}. Text in curly brackets will be
ignored in the evaluation of mathematical equations.

and measurement software

The model equation can be changed at any time. With the Mode/ analysis command / button or by leaving the
analysis equation field the program will analyze the modified model equations and actualize the list of quantities.
The Equation field can only be left if the equation is mathematically correct. If this is not the case, an error
message will be displayed, and the cursor is positioned at the point where the error was detected.

If any changes to a quantity name have been made, the new name will replace the old name in the quantity list.
All data connected with the old quantity will also be deleted.

A change of a quantity name without losing the assigned data can be made in the list of quantities with second
click on the selected quantity or with double click when selecting the quantity. Additional Greek characters are
available over the combination of keys “ Cir/ + s”or over the context menu of the right mouse button. Superscript
and subscript formats are available over the combinations of keys “Ctr/ + Up Arrow”,  Ctrl + Down Arrow”or over
the context menu of the right mouse button. By pressing ENTER for confirmation after the name was changed
(or by leaving the quantity name field) the model equation is updated automatically, and the corresponding
entries are retained. The change of the quantity name can be cancelled with the £SC button.

— RMSys
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6.2. Operators and Functions

Operations with higher priority are executed before those with a lower priority. In case of equal priority, execution
proceeds from left to right, except when raising to a given power, in which case execution proceeds from right
to left. The sequence of operations can be controlled by putting certain parts in parentheses and thereby giving
them a different priority.

Function names are reserved names and should not be used as quantity names. The arguments for the
trigonometric functions should be expressed in radians. Likewise, the result of any arc-function will be given in

radians.

Following table lists the possible mathematical operators and functions:

Function |Syntax Description
Quantity |Cx The selection of an appropriate name is up to the user, but it must be done carefully.
In many cases, the quantity name could be deviated from a name of a physical
quantity. Quantity names can contain any combination of letters or digits and are
Q handled case sensitive. The names of the build in functions and the names SUB, DVN,
1N MULT, POWER, DIV, MOD are not valid as quantity names.
q + Ca+Cb Addition.
§ - Ca-Cb Subtraction.
b * 100*Cb Multiplication.
0 / Ca/100 Division.
7)) A Cb~x Raise to the power of x.
~ ABS ABS(Ca-Cb) Absolute value.
< ABS(Ca)
Q ACOS ACOS(Ca) Arc cosine, result in [rad].
E ACOSH ACOSH(Ca) Arc cosine hyperbolic, result in [rad].
Q ACOT ACOT(Ca) Arc cotangent, result in [rad].
S ACOTH ACOTH(Ca) Arc cotangent hyperbolic, result in [rad].
: ASIN ASIN(Ca) Arc sine, result in [rad].
7] ASINH ASINH(Ca) Arc sine hyperbolic, result in [rad].
N ATAN ATAN(Ca) Arc tangent, result in [rad].
O ATANH ATANH(Ca) Arc tangent hyperbolic, result in [rad].
E AVG AVG(Ca;Cb) Mean value ( ), max. 30 arguments are permitted.
~° CoS COS(Ca) Cosine, argument in [rad].
S COSH COSH(Ca) Cosine hyperbolic, argument in [rad].
N COT COT(Ca) Cotangent, argument in [rad].
COTH COTH(Ca) Cotangent hyperbolic, argument in [rad].
DEG DEG(Ca) Converts radians to degrees.
EXP EXP(Ca) Returns "e" raised to the power of argument. The constant "e" equals
2.71828182845904, the base of the natural logarithm.
FACT FACT(Ca) Returns the factorial of an argument.
LN LN(Ca) Returns the natural logarithm of an argument. Natural logarithms are based on the
constant "e".
LOG LOG(Ca;2) Returns the logarithm of an argument to the base you specify. If base is omitted, it is
assumed to be 10.
LOG2 LOG2(Ca) Returns the base-2 logarithm of an argument.
m LOG10 LOG10(Ca) Returns the base-10 logarithm of an argument.
MAX MAX(Ca;Cb) Returns the largest value in a set of arguments, max. 30 arguments are permitted.
m MIN MIN(Ca;Cb) Returns the smallest value in a set of arguments, max. 30 arguments are permitted.
PI PI Returns the number 3.14159265358979, the mathematical constant pi, accurate to 15
digits.
PRODUCT |PRODUCT(Ca;Cb) |Product of the arguments, max. 30 arguments are permitted.
RAD RAD(Ca) Converts degrees to radians.
SIN SIN(Ca) Sine, argument in [rad].
SINH SINH(Ca) Sine hyperbolic, argument in [rad].
SQRT SQRT(Ca) Returns a positive square root.
STDEV STDEV(Ca;Cb) Estimates standard deviation based on a set of arguments, max. 30 arguments are
/ permitted.
SUM SUM(Ca;Cb) Adds all the arguments, max. 30 arguments are permitted.
SUMSQ SUMSQ(Ca;Ch) Returns the sum of the squares of the arguments, max. 30 arguments are permitted.
TAN TAN(Ca) Tangent, Argument in [rad].
TANH TANH(Ca) Tangent hyperbolic, argument in [rad].
VAR VAR(Ca;Cb) Estimates variance based on a set of arguments, max. 30 arguments are permitted.
INDEX INDEX n=(1:9) Quantity index for simplifying the equations of measurement models with repetitive
identical expressions.
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Error function

Function Syntax Description

erf(x) ERF(X) Error function for a real argument X

erfc(x) ERFC(X) Complementary error function for a real argument X
exp(x). erfc(vx) EXPERFC(X) X>=0

exp(x?). erfc(x) EXPERFC2(X) X is a real number

exp(x). erfc(—vX) EXPERFCN(X) X>=0

and measurement software

— RMSys
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6.3. Models with Indexed Quantities

The indexed quantities can be used for simplifying the models in following cases:
e Models for measurement of area, volume, flow, and other quantities by using numerical integration
methods (i.e., approximating definite integrals by finite sums)
Models for calibration of measuring instruments at several points throughout the calibration range
Models for calibration of sets of identical standards with different sizes — gauge blocks, plug and ring
gauges setting rings, measuring pins, scale weights, and others.

Examples for models using the numerical integration method

e  Measurement of quuid flow in open channels — mean-section method
+d, + U,
n+1 n+1
e Measurement of quuid flow in open channels — mid-section method

=3 (5

In these cases, the software offers the possibility to define an index and using it in the reduced model equations.
Indexes can be entered as interval, as list of index values or mixed:

Index definition Index values, generated by the software
index n = (1:9) 1;2,3;4,5,6;7,8;9

index n = (LB;1,2;3;4,5,6;7,RB) LB;1;2;3;4,5,6;7,RB

index n = (LB;1:7;RB) LB;1;2;3;4,5,6;7;RB

The index name is placed in the model equations after the name of quantity in square brackets []. The first and
last index values are absolute limits and when using indexing expressions such as [n-1] or [n+1] for the resulting
index numbers outside the defined range will be used respectively the first or last index value.

Several examples of models with indexed quantities can be found in the folder “../Examples/ Models with indexed
quantities”.

and measurement software

Example of model for numerical integration by using indexed quantities:

B Model Edit Functions Help

B - & w09 X ES-REh 7%

Name: ‘DISCHARGE MEASUREMENTS ACQUIRED WITH A MECHAMICALCURRENT METER

Description

Method: V] GUF [ INL | [Imcm Adaptive
—— ‘ o | [aricl v w6t B I U|l4-xx @ Ff| 9

indexn=(1:24)

Hodel Qm = SUM( D_[n] * Vavg_[n] * ((B_[n+1]-B_[n-1])/2) )
m Teslbweet || D_[n] = D[n]res + D[n]op
Observations ‘ B_[n] = B[n]res + B[n]op
m Correlations ‘ Van [n] V[n]ac + V[n]St + V[n]Vd + V[n]op
Qt=Qm + Qmo + Qnv + Qus + Qop
Exp. analysis
ﬁ Q]| 2~ ab Name |Measured discharge
Quartity (270) Type [Resuit v Unit[m3s v|  Uncert. unitm3s v
GUF Qm Probability distribution Calaulation of tolerance & for GUF/MCM validation
Charts Vavg_[n] (O Automatic distribution detection (O Number of significant digits
B_In] (®) select |Nurmal distribution w | (%) Percentage of comb. uncertainty
E[_'E;Ees Coverage probability 95.45| % [ profof copant ] o -
Summary Dinjop Coverage factor pability ompliance assessmen
Bn]res Tolerance or distribution interval l:l
B[nJop Format Capability index-Limit valus WEI
VIn]ac Exp. uncert. |Absolute and relative in % ~ |
/ Vn]st Basic quantity | Qm v
Vinlvd [ spec. format
.g ;ltﬂloli Value E-format Import from MS Excel
E Qgmo Expanded uncertainty E-format Fi\el |
E Qnv Wurksheetl | D
; Qus Refresh all
5 Qop
o [[aca v ot B I U4 £ -xx ||l &= 5 0 F% G0
g ' -]
5 C:\QMSys GUMYQGUM Enterprise 5. 1\Examples\Models with indexed quantities\Current-meter_Mid-section.gmf | | 2] |‘;:
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In the model equations are used the main quantities with index [n], and the values of each sub-quantity with the
respective index are individually edited in the tables. When using import from Excel the program automatically
initializes the appropriate cells to the quantities with the corresponding indexes.

ﬁ Model Edit Functions Help

S = W) oI~ Yex o= Me “E -
= ud, o X lEa B
Name: |DISCHARGE MEASUREMENTS ACQUIRED WITH A MECHANICALCURRENT METER

Method: Z]GUF [INL | [JMecM Adaptive

and measurement software

— RMSys

Main data ‘ o |Aria| ,,” 16 f*l BJ U A-xx| O Ff Qi
Description indexn=(1:24)
Med Qm = SUM( D_[n] * Vavg_[n] * ((B_[n+1]-B_[n-1])/2) )
Tedbuieet || D_[n] = D[n]res + D[n]op
Observations | B_[n] = B[n]res + B[n]Op
Comeatons_| Vavg_[n] = V[n]ac + V[n]st + V[n]vd + V[n]op
Qt=Qm +Qmo + Qnv + Qus + Qop
Exp. analysis
@ gl ~ ah Mame |Insn'umantaccurat\;
Quantity (270) Type [Type B v| Unit[m/s v|  Uncert. unit[mfs v
GUF Qm Uncertainty estmate [Stand. uncertainty v Quantity ‘ Value Stand. uncertainty ~
Vi
Charts avg_[n] Distribution (&) Normal (O t-distribution ol Bk
B_[n] Import from 518
Degrees of freedom w 1 R E——
D_[n] c oo ol Viac K18 0 L18 0
Summary Dinlres BERIEEiE — V2ac K19 0.193 |L19 0.0039
D[nlop EragziEa X V3ac K20 0219 |L20  0.0044
B[n]res Stand. uncertainty in Vdac K21 023 L21 0,004
B[nJop V5ac K22 0,243 |L22 0.0048
Veac k23 02355 123 0.0033
VInlst V7ac K24  0.2405 |L24 0.0034
Vn]vd VBac K25  0.2515 |L25 0.0036
° VinJop V9ac K2  0.274 |L28 0.0039
o Qt Import from M5 Exccel Vioac K27 0.287 127 0.0041
8 Qmo File [current-meter_data.dsx Jd3 Vilac 8 0.2875 |28 0.0041
% Qnv Worksheet |Discharga b | @ ViZac K29 0.2785 |L29 0,004
- Qus [ Refresh I Refresh al ViZac K30  0.2625 |L30  0.0037 v
5 Qop
o [ v[ wt B I U A-2-xx|E|lg S §5&- 2B % B % 00 |
| 2
5’ C:YQMSys GUMYQGUM Enterprise 5. 1\Examples\Models with indexed quantities\Current-meter_Mid-section.gmf | | = ‘:: GB

The button “Preview of the equations” in the toolbar of the model field shows a window with the full form of the
model equations:

B Model Edit Functio

MName: |DISCHARGE MEASUREMENTS ACQUIRED WITH A MECHANICALCURRENT METER

Method: V] GUF [ INL | [ ]mcM Adaptive
Main data ‘ o | [aril v w6t B J U A-x*x |0 f @
Description Qm=SUM(D_1*Vavg_1*((B_2-B_1)/2);D_2*Vavg_2*((B_3-B_1)/2);D_3*Vavg_3*((B_4-B_2)/2);D_4*Vavg_4* »
Model ((B_5-B_3)/2);D_5*Vavg_5*((B_6-B_4)/2);D_6*Vavg_6*((B_7-B_5)/2);D_7*Vavg_7*((B_8-B_6)/2);D_8*Vavg_
Totalbudoet | 8*((B_9-B_7)/2);D_9*Vavg_9*((B_10-B_8)/2);D_10*Vavg_10%((B_11-B_9)/2);D_11*Vavg_11*((B_12-B_
observatons || 10)/2);D_12*Vavg_12*((B_13-B_11)/2);D_13*Vavg_13*((B_14-B_12)/2);D_14"Vavg_14*((B_15-B_13)/2);D_
Corelatons_| 15*Vavg_15*((B_16-B_14)/2);D_16*Vavg_16*((B_17-B_15)/2);D_17*Vavg_17*((B_18-B_16)/2);D_18*Vavg_
18*((B_19-B_17)/2);D_19*Vavg_19*((B_20-B_18)/2);D_20*Vavg_20*((B_21-B_19)/2);D_21*Vavg_21*((B_
£ ol 22-B_20)/2);D_22*Vavg_22*((B_23-B_21)/2);D_23*Vavg_23%((B_24-B_22)/2);D_24*Vavg_24*((B_24-B_
23)/2))
GUE D_1=D1res+D1op
Charts D_2=D2res+D2op
D_3=D3res+D3op
p— D_4=D4res+D4op

D_5=D5res+D50p
D_6=D6res+D6op
D_7=D7res+D70op
D_8=D8res+D8op
D_9=D9res+DY9op
D_10=D10res+D100op
D_11=D11res+D110p
D_12=D12res+D120p
D_13=D13res+D130p
D_14=D14res+D140p
D_15=D15res+D150p
D_16=D16res+D16op
D_17=D17res+D17op
D_18=D18res+D180op
D_19=D19res+D190p
D_20=D20res+D200p

Mame |D|stan:e

2l - ab

Type [Interim result v Uniit|m

w

Uncert. unit [m b

@
n
=
2
=
a
=}
=
i}
=
2
[T}
w
-
wn
=
o

C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\Models with indexed quantities\Current-meter_Mid-section.gmf
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Examples for measurement at several points throughout the calibration range
The indexed quantities can also be used for simplifying the models for calibration at several points throughout
the calibration range of the measuring instruments.

Example of model for calibration of piston-operated pipettes at three points:

Help

AL N wiStel back SeiS

Mame: |Ca|\braﬁur| of piston-operated pipettes
Method: [/] GUF [ ]nL MCM Adaptive Toleranoe:ll‘tlﬁ w | Trials { cyde | 10 000 % | Trials: %10 { Minimum trials: 219.8x10%)
Mancz= e N o] v 5% B 7 U A-x[x] 0 f @
Description {Test volumes 10, 50, 100 pl}
Model index n =(10;50;100)
Total budget | {Basis equation}
- Vi = ((mg / pe) * (ps - pa) / (pw - pa)) * 1000 + dV1_oirrm + &Vorm)
Observations | {Weighing result}
Correlations | M) = Muessin + Mevap + 8Ma_caL + OMe_res_o + BMe_res_L
{Air density, water density - formula by Jones and Harris}
Exp. anal
eardiss ||| o, = (0.34844 * pa- (p / 100) * (0.252 * ta- 2.0582)) / (273.15 + ta)
Q pw =999.85308 + 6.32693E-2"w - 8.523829E-3"tw"2 + 6.943248E-5"tw"3 - 3.821216E-7"tw"4
k e {Ambient presure, air temperature, water temperature, relative air humidity}
m Pa = B un + De cal + Na pea+ Ba DRIET
Charts :: 2l - ab Name |Measurament of the delivered volume
E MCM Quantity “2) A Type |Type A v | Unitlmg v | Uncert. unit img b
N ) Summary Vin] Method of shservation |Direct v
k min] Data type [Values w
° L Uncertainty evaluation [Experimental ~
m o Uncertainty estimate |Stand. uncertainty v
Pa Mumber of observations 10ty
@
A ¥ £ Distribution () t-distribution (&) Normal
: tw Degrees of freedom @
Q
PA_IND
E ta_inD
tw_InD
m & Pa_IND Import from MS Excel
k = Bme_caL File | |
: = Pa_CaL Wurksheetl ‘ l:‘
@
2 ta_ca
m f tw_caL
m é ®caL [arial v wrl/ B F U A4- 2
- BVT_piFFn]
m & BVopin] v
E 5‘ C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\¥odels with indexed quantities\Calibration of piston-operated pipettes.amf | FLy ‘ | fu=| :: GB
b chons Help
L - ) i -
S e ad.
m Name: ‘Cahhraunn of piston-operated pipettes
Method: [#] GUF [ NL MCM Adaptive Tolerance: ‘1.05 v ‘ Trials / cyde | 10 000 v| Trials: %10%  (Minimum trials: 219, 8x10% )
1n2 i {MMEAS]] ‘ panp | tanp | twano | @a_mo
Desaription Name |Measurement of the delivered volume
Model Method |Direct Unit|mg [ T )X e Al B[] il 225
Total budget [ea——— | Na. | Estmated value 25 5 +25
49.74 % T f |
MMEASS) . :
Observations _— 2 49.87 | ‘
MMEAS100 3 g 33
Correlations ! | ‘
o] 50.03 30 o =3
Exp. analysis 5 45,72 7] | ‘
6 45.79 | ‘
7 45.80 24 ] | ‘
8 45.73 —_
GUF
9 49.74 *f—_— 21 | ‘ L, 2
Charts 10 45.82 é | ‘ g
3 184 o
McM z | ‘ £
= w
5 7 E
Summary o | ‘
12
| 11,
=l \
el \
1l
= 4.7
=
2 Number of values 10 \Mean value 49,820 |Skewness 0.957
u=.| Minimum 49,720 |Variance 0,0109 |Kurtosis -0.332
% Maximum 50,030 |Stand. deviation 0,105 |Normal distribution (P=99%) Yes (T=0.200; K=0.294)
o Median 49,795 |Stand. uncertainty 0,0331 |Outliers (P=95%) No (T=2.008; K=2.290)
/ % Range 0,310 |Bayesian stand. uncertainty 10,0375 |Qutliers (P=29%) No {T=2.008; K=2.432)
=
(=4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\Models with indexed guantities\Calibration of piston-operated pipettes.gmf ‘ ey | | @ :" GB
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6.4. Changing the Order of the Quantities

By default, the quantities are sorted in the list by the order of appearance in the model equation.

a -
The order of the quantities can be changed with the button ILJ if necessary. This order is saved in the
uncertainty analysis file. The next time the file is opened, the quantities will be displayed in the list in the specified
order. The order of the quantities is used in all budgets, lists, reports, and exports.

Edit Functions Help

A8 N ¥

MName: |ca\|hrannn of a dial gauge in accordance with DIN 878

Method: [Z]GUF [N | [F]McM [7] Adaptive Tolerance: Trials [ cyde |10 000 Trials:| 220.0|x103 (Minimum trisls: 218.8x10%)
Min data ‘ o o v =t B I U A4-x[x] 8 Ff|©@
Desaription k=N+3I+Blv+8ls
Modsl B Iv=1In"(an - am) (tm - to) + (In ™ (an + ax) - (Ln "an + Lx"ax + Le " ag))"  t + Ls™as™d ts
Total budget | Blc=0lco+0lae
Observations |
Correlations | @ l alb Mame |currentread\ng of dial gauge
Quantity Type |Result ha Unitlmm v | Uncert. unit |jum b
Exp. analysis I Probability distribution Calaulation of tolerance & for GUF/MCM validation
h O Automatic distribution detection @ Number of significant digits
2:“ () Select |Nurmal distribution w | (0 Percentage of comb. uncertainty
GUF 5|u Coverage probability 95.45| %
G Proof of capability Compliance assessment
Charts an Coverage factor
McM am Tolerance or distribution interval mm
t =— Capabilty index-Limit value [Cm (JCGM 108) ~
Summary iy Exp. uncert. |Absolute A |
ay
Ln [ spec. format
L
Lx Basic units Supplementary units [ import from MS Excel
E
ag Value [0.0000 E-format File | |
3t Expanded uncertainty E-format Wnrksheat‘ | l:‘
2 Ls
T
£ o
2 Bt Arial v wr | B U 4. 8- xFx =
frr Blzp
5 Bl
o
w
=
il
=
(84 C:\OMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\VDI_2618-1-2 Calibration of a dial gauge.gmf |Baslc units | | B |* GB

Following sorting options are available:

By model - the order of the quantities results from the order in which they appear in the model equation.

By name - the quantities are sorted alphabetically by the identification in the model equation. The Greek letters
are sorted alphabetically after the Latin letters.

By Type - the quantities are sorted according to their type as follows:

- Results

- Interim results

- Type A

- Type B Expanded uncertainty

- Type B Standard uncertainty

- Type B Limit of error

- Type B Relative limit of error

- Type B Molar mass

- Type B probability distribution - these quantities are also sorted by the type of distribution - normal
distribution, log normal distribution, t-distribution, rectangular distribution, triangular distribution, trapezoidal
distribution, square distribution, U-shaped distribution, cosine distribution, 1/2 cosine distribution, exponential,
and curvilinear trapezoidal distribution.

Custom - the user can adjust the order of the quantities by selecting one quantity and dragging to the new
position, or by the Move up and Move down buttons.

When adding quantities to the model equation, the previous selected sort order will be maintained, and the new

quantities will appear at the beginning of the list. In this case, the quantity order needs to be maintained
manually or a sort option needs to be selected.

36



GUM Enterprise / Professional / Calculator / Excel Add-In )

7. Quantities

The Model page in the view Mean data holds the relevant data for every quantity of the uncertainty analysis. To
edit the data of a quantity, it should first be selected from the left list. The current data, associated with the
selected quantity, is displayed, and may be edited.

Each quantity can be assigned:

e short definition in the Name field

e type of the quantity

e units for the quantity value and the standard uncertainty

e documentation text.
Within the Type field every quantity is assigned to an evaluation type, selected from a list. All other fields are
dependent on the type of quantity.

The following diagram shows the different quantity types with their respective subtypes. They are described in

detail on the following pages.

- Rectangular distribution

- Triangle distribution

- Trapezoidal distribution

- Symm. mixed distribution
- Asymmetric distribution

and measurement software

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
ILAC-G8:09/2019

- %P inside / outside the
specification limits

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 from the clipboard

Interim result

Constant

Quantity
Result quantity Type A input quantity Type B input quantity
Probability distribution Method of Observation Uncertainty estimate
- Normal distribution - Direct - Expanded uncertainty
- t- distribution - Indirect - Standard uncertainty

- Limit of error

- Relative limit of error
- Probability distribution
- Molar mass

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 file
Import from GMF file

— RMSys
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7.1. Result Quantities

The type of the result quantities is detected and set automatically according to the mathematical model.

@ I 2l -~ ahb Mame |current reading of dial gauge

Quantity (20) Type |Result V| Uit jmm w Uncert. unit jpm v
_ Probability distribution Caloulation of tolerance § for GUF/MCM validation

I (0 Automatic distribution detection (%) Mumber of significant digits 2t

g:N () Select |N0rma| distribution w | () Percentage of comb. uncertainty 5.0

5I; Coverage prebabily 5951 % Proof of capability Compliance assessment

an Coverage factor 2,00

am Tolerance or distribution interval jl mm

tr o Capability index-Limit value @I

to Exp. uncert. |Absolute vl

ay

Ln [] spec. format

::E Basic units Supplementary units [ tmpart from M5 Excel

ag Value |0.0000 E-format File

ot Expanded uncertainty (0.0 E-format Worksheet | |:

Ls

e

Automatic distribution fitting
This option activates the fitting of the observed distribution to a theoretical distribution. The value of the coverage
factor is determined automatically to the selected distribution and the specified coverage probability.

Distribution and Calculation of the coverage factor:

e Normal distribution — enter the necessary value into one of the coverage probability and coverage factor fields.
Using the Normal distribution, the program will find the other value and will insert these values into the budget
table.

e t-distribution - it is assumed that the distribution of the result can be described with a t-distribution and the
established degrees of freedom which are calculated by the Welch-Satterthwaite formula. Enter the necessary
value into the coverage probability field. Using the t-distribution and the estimated degrees of freedom, the
program will calculate the coverage factor.

e Rectangular distribution - enter the necessary value into the coverage probability field and the program will
calculate the coverage factor automatically.

e Triangular distribution - enter the necessary value into the coverage probability field and the program will
calculate the coverage factor automatically.

e Trapezoidal distribution - enter the necessary values into the coverage probability field and shape factor field,
the program will calculate the coverage factor. Calculation of the shape factor is offered by activated Monte
Carlo method.

e Symmetric mixed distribution - you can enter any validated value of the coverage probability and coverage
factor.

and measurement software

For result quantities with asymmetric distribution, the program estimates the shortest coverage interval, the
asymmetric expanded measurement uncertainty and asymmetric coverage factor (GUM Supplement 1).

Format of the expanded uncertainty: Absolute; Absolute and relative; Absolute and relative in %; Absolute and
Relative in ppm.

Calculation of tolerance 6 for GUF / MCM validation - the numerical tolerance 8 is calculated on the basis of the
combined standard uncertainty and the number of significant digits (2 to 5). The software offers an alternative
calculation of the tolerance & as a percentage of the combined standard uncertainty, which allows a more accurate
validation with a given probability.

Proof of capability and compliance assessment - in this area, the settings for the verification of the capability of
the measuring system respectively the measurement process and for the conformity assessment of the
measurement results can be specified. The limit values can be imported from an Excel file.

— RMSys
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7.1.1. Proof of Capability of Measurement Processes and Measuring Systems

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
systems and measurement processes:

Reference Capability Index Formulae*, Default Limit

JCGM 106 Cm (Measurement capability index) m = 70 >4
T
TUR (Test Uncertainty Ratio) TUR=—— 241

NCSL Glossary of 2*U
Metrology related T
Terms TAR (Test Accuracy Ratio) TAR = ———— 2 10:1
2%U,6
N 2*%U 0
Gmp (Measurement process capability) | g,, = T* 100% < 30%
VDA Volume 5

2*U
Gms (Measuring system capability) Sus = TMS*IOO% < 15%

*T — Tolerance or distribution interval, Uvwp — expanded uncertainty of the measurement process, Uvs —
expanded uncertainty of the measuring system.

For result quantities with asymmetric distribution in the above formulas is used the coverage interval instead of
2*U. In the calibration or verification of a measuring instrument, a specified requirement is often expressed in
terms of a maximum permissible error (T=2*MPE). For one-sided tolerances is entered the distribution interval
of the values, given from the manufacturing process.

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.

E Model Functions Budget Help

R

and measurement software

MName: ‘calibraﬁun of a dial gauge in accordance with DIN 878 |
Method: -~ GLF NL MCM Adaptive Tolerance: Trials [ cyde Trials: %10%  ( Minimum trials: 219.8x10%)
Main data e
Description Quantity Value Stand. uncert. Distribution DoF Sensit, coeff, Uncert, contribution |  Rel, contribution Bar chart
Model Iy 9,0047000 mm 0,0577 um Rectangular =) 1,00 0,0577 pm 0,15 % |
Bly a,0 mm 0,260 pm Mormal @ 1,00 0,260 pm 3.03 % I
Total budget an 8,500x 105 KL 0,381x10% k-1 Rectengular @ 0,0Kmm 0,0um 0.00 % |
Observations | ay 0,01850x10-¥ K 2,14x10°F KL Rectangular @ 0,0 K*mm 0,0 pm 0.00 % |
tm 20,000 =C 0,577 °C Rectangular o -0,0900% 102 mm = -0,0520 pm 0.12 % |
Correlations | ty 20 °C
- ay 0,01150x 103 k1 1,33x10¥ KL Rectangular @ 0,0 K'mm 0,0 pm 0.00 % |
Exp. analysis
Ly 120,00 mm 5,77 mm Rectangular @ (] 0,0 pm 0.00 % |
Budget Lx 70,00 mm 5,77 mm Rectangular @ (] 0,0 pm 0.00 % |
_ Le 20,0000 mm 0,0577 mm Rectangular @ (] 0,0 pm 0.00 % |
ae 0,01150x10-3 KL 1,33x10°8 KL Rectangular @ 0,0 K'mm 0,0 um 0.00 % |
Bt 0,0K 0,173K Rectangular w© -0,00187 mm-K-! 0,325 pm 472 % 0]
Ls 155,000 mm 0,577 mm Rectangular oo 0,0 0,0 pm 0.00 % |
as 00105010732 1,21x105 -t Rectangular @ 0,0 K'mm 0,0 um 0.00 % |
Btz 0,0K 0,144K Rectangular @ 0,00163 mmkt 0,235 um 247 % i
Blgy 0,0mm 1,00x10°% mm Rectangular @ 1,00 1,00 pm 44.76 % [
Blgs 0,0mm 1,00x10°% mm Rectangular = 1,00 1,00 pm 4476 % ||
Value Comb. stand. uncertainty Effective degrees of freedom Sign. digits
ke 9,00470 mm 1,49 pm o 3
Value Expanded uncertainty Coverage factor (Probability) Distribution Sign, digits
Result 9,0047 mm + 3,0 pm 2,00 (95,45 %) Mormal 2
Capability Index Cm Limit value Min. Tolerance
Yes 5.0 5 0,024 mm
Compliance P -inside P - outside &850 2,0150
Pass 100.0% 0.0% 8,5820 8,5880 9,0120 35,0180
® GUF validated: Tolerance &: A Value: & Comb. stand. uncert.: Coverage intervals: Unit [mm]
= Yes 0,5x102 0.0 -10.00000x 105 GUF [3,00171:9,00765] MCM [9,00180:9,00760] d [-0,09x10-2:0,09x10-3]
/ E MCM: Value |9,00470 mm Comb. stand. uncertainty | 1,50 pm Expanded uncertainty | + 2,9 pm
=
=
= aial v wt] B I U Ad- £ -xx|E2==E5i=- 0 B X FH- (% - O
a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by A~
P the coverage factor k = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %. v
‘ 8‘ C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\WDI_2618-1-2 Calibration of a dial gauge.gmf |Basic units | | = |:: :: GB
s
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7.1.2. Compliance Assessment of Measurement Results
The software offers several decision rules in accordance with the guide ILAC-G8:09/2019:

Non-binary statement with guard band (w = U)
Proof of capahility

i[w] Compliance assessment

Decision rule

Type of tolerance

Mon-binary statement with guard band

v]

Two-sided

w | [ limits are not allowed

Lower spedfication limit

8,985

Upper specification limit

9.015

mm

mm

The evaluation follows ILAC-G8:09/2019, par. 4.2.3:

Upper Specification ‘ T I I
Upper Acceptance Limit ? ------------ I ------------------------ I ..............................................................
Nominal }_
I U
. F
Lower Acceptance Limit  ------esssemmmee T I ..............................................................
Lower Specification T I
! |
Statement of Conformance Pass Conditional Pass Conditional Fail Fail
U = 95% expanded measurement uncertainty
Compliance P -inside P - outside £,5850 9,0150
T e 17 77
Pass 100.0% 0.0% 89820 8,5880 95,0120 9,0180

The measurement uncertainty is considered. Evaluation results are reported as:

- Pass - the measured result is inside the acceptance limits

- Conditional Pass - the measured result is outside the acceptance limits but inside the specification limits

- Conditional Fail - the measured result is outside the specification limit by a margin less than the measurement
uncertainty

- Fail - the measured result is outside the specification limit by a margin more than the measurement
uncertainty

- N/A - uncertainty is greater than the stated tolerance, therefore it is not possible to determine compliance or
otherwise.

and measurement software

Binary statement for simple acceptance rule

Proof of capability

Compliance assessment

Dedision rule

Type of tolerance

Binary statement without guard band

vl

Two-sided

w | [ limits are not allowed

Lower specification limit

Upper specification limit

8,983

mm

9.015

mm

The evaluation follows ILAC-G8:09/2019, par. 4.2.1:

Upper Specification E E
Nominal i
u T {
Lower Specification I T
L I I
Statement of Conformance Pass Pass Fail Fail
U= 95% expanded measurement uncertainty
Compliance P -inside P - outside
r---— """
Pass 100.0% 0.0% 8,9850 9,0150

The measurement uncertainty is not considered. Evaluation results are reported as:
- Pass - the measured result is inside the specification limits
- Fail - the measured result is outside the specification limits.
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o Binary statement with guard band

Proof of capability Compliance assessment
Decision rule Binary statement with guard band w
Type of tolerance (Two-sided + | [] limits are not allowed
Lower specification limit 8.985|mm
Upper specification limit 9,015 mm
Guard band 1

The evaluation ILAC-G8:09/2019, par. 4.2.2:

Upper Specification I { l
Upper Acceptance Limit I 1 ‘vrv
Nominal i

U1
Lower Acceptance Limit ? I
Lower Specification

He
lre—

Statement of Conformance Pass Pass Fail Fail

U = 95% expanded measurement uncertainty

Compliance P -inside P - outside £,5E50 39,0150
S W
Pass 100.0% 0.0% 85,9880 59,0120

The measurement uncertainty is considered. Evaluation results are reported as:

- Pass - the measured result is inside the acceptance limits.

- Fail - the measured result is outside the acceptance limits.

- N/A —uncertainty is greater than the stated tolerance, therefore it is not possible to determine compliance or
otherwise.

While it is common to use a guard band w = U, there may be cases where a multiplier other than 1 is more
appropriate. The user can define arbitrary multiple of U between -3 and 3 to have applied as guard band.

The table below provides examples of different guard bands to achieve certain levels of specific risk, based on
the customer application:

and measurement software

Decision rule Guard band w Specific Risk

6 sigma 3U PFA < 1 ppm

3 sigma 15U PFA < 0.16%

ILAC G8:2009 rule 1U PFA < 2.5%

ISO 14253-1:2017 0,83 U PFA < 5%

Uncritical -1U Item rejected for measured result outside [LSL-U; USL+U],
PFR < 2.5%

PFA - Probability of False Accept, PFR - Probability of False Reject

— RMSys
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7.2. Interim Results

The type of Interim resultis detected and set automatically according to the mathematical model. Only following
data can be edited: short definition in the Name field, type of the quantity, units for the quantity value and the
standard uncertainty, and a documentation text.

Switching to the type "Result" is possible; in this case the uncertainty budget is also calculated.

7.3. Type A Input Quantities
For repeated observations evaluated by statistical methods, the following data are necessary to define:
Method of observation:

e Direct - Observations (individual values or group values) are entered directly in the observation table. The
number of measurements is equal to the number of observations.

(@] 2l - ab Mame |=Rix/Ris; ratio of the indicated resistance for the unknown resistor and the reference resistor ‘
Quantity @ Type Type A v| Unit| v| Uncert. unit
Ry Method of observation |Direct -
Rs Data type Values v
3Rp Uncertainty evaluation [Experimental v
BRrs Uncertainty estimate (Stand. uncertainty hd
_ Number of observations 5%

SRy Distribution () t-distribution @ Normal

Degrees of freedom @

e Indirect— the examination is performed in cycles. The reference value and the unknown value are measured
alternately. Each reading is identified through "V + No. of the reading". The value of the observation is
calculated by the formula in field Evaluation.

Name |Ubsar\red difference in mass between the unknown mass and the standard ‘

and measurement software

Type |Ty'pe A vl Unit|g v| Uncert, unit mg w
Method of observation (Indirect v Scheme
Data type |Values N.. Explanation
Uncertainty evaluation [Pooled estimate ¥ la= =
. i — w2, |2 weight
Uncertainty estimate (Stand. deviation N 3 weight
Number of observations 3t ﬂ 4 stand,
Distribution () t-distribution (® Normal EJ
Degrees of freedom
Stand. deviation mg
Stand. uncertainty 144 mg
7] tmport from MS Excel
Fie | |
Worksheet | | l:‘

Evaluation |AVGO:'2;V3)-AVG(\I1;V4) |

e Direct / Indirect with import from a MS Excel file - the observations (individual values) or the readings are
read directly, verified and written into the table for the observations. Existing values are overwritten.

@ gl ~ alb Mame |=Rifois,' ratio of the indicated resistance for the unknown resistor and the reference resistor ‘
Quantity @ Type |Type A bl | Unit| v| Uncert. unit
Rx Method of observation |Direct v
Rs Data type |Values [V
8Rp Uncertainty evaluation |Experimental w
BR1s Uncertainty estimate |Stand. uncertainty L
_ Number of observations 5 1’a”BZ HBS |

SRy Distribution () t-distribution (&) Normal

Degrees of freedom @

Import from MS Excel
File |S3_Data.xls - ™=

\Worksheet Readings "l E
Refresh ][ Refresh all

— RMSys
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Uncertainty evaluation - in this field, the user can switch between experimental determination of the standard
deviation or giving a pooled estimate from a prior evaluation:

e Experimental — this type offers two uncertainty estimates:
- Standard uncertainty with normal or t-distribution
- Bayesian standard uncertainty with t-distribution (GUM Supplement 1)
The Bayesian evaluation is a useful extension for small numbers of observations (usually smaller than 10).
It is possible with the Bayesian evaluation completely to avoid the using of the effective degrees of freedom
calculus in the uncertainty evaluation.

e Pooled estimate — this type offers three uncertainty estimates:
- Standard uncertainty with normal or t-distribution
- Standard deviation of the sample with nhormal or t-distribution
- Bayesian standard uncertainty with t-distribution (GUM Supplement 1)

The following table provides an overview of the calculation formulae, the minimum number of observations and
the minimum degrees of freedom for the different types of Uncertainty evaluation.

Number of observations (n) — this field contains the nhumber of individual values or group values, used for the
evaluation. The number of readings is determined according to the selected method of observation.

0
3
E Lg;i:i'lgay Uncertainty Estimate Formulae Ncr)]rmal d'Strgglzlon nt-d|str|bug(;rll
"6 Standard uncertainty Sp
? u(x)z\/f >2 fi=n-1 >4 | f,=n-1
. n
"E Experimental Bayesian standard n—1 Sg
Q uncertainty u(x) = 3 \/_1’ - - >4 f=n-1
- n
0% Standard uncertainty | u(x) >1 fi=n-1 >1 >3
\ Standard deviation of Sp
S Pooled the sample u(x) = T 21 Ji=n-1 24 Si=n-1
0 estimate "
8 Bayesian standard £ s,
i u(x) = = - - >1 =3
E uncertainty (x) 72 Tn
o)
g
M

The field Number of observations can take value 1, if the field Uncertainty Evaluation has been set to Pooled
estimate.

— RMSys
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7.4. Type B Input Quantities

The Type B evaluation of standard uncertainty is the evaluation of the uncertainty associated with the estimate
of an input quantity by means other than the statistical analysis of a series of observations. The following options
for entering the input parameters of type B input quantities are available:

e Expanded uncertainty — Distribution, Degrees of freedom, Value, Expanded uncertainty, Coverage
factor and Coverage probability are requested. The data for the input quantity come from an uncertainty
analysis or a certificate.

@] 3 - ab
Quantity @
Ry

|Rs |
3Rp
3R
i}
r
BR1y

Name |resistance of the reference

Type |Type B e | Un\t|§2 » ‘ Uncert. unit [mg2 -
Uncertainty estimate |Expanded uncertainty v| 2.5 % 3 97.5 %
Distribution (%) Normal (O t-distribution
Degrees of freedom o
Value 10000.053 |22
Expanded uncertainty 5 |mQ R
Coverage probability 95.00 | ¥
Coverage factor 2.00
Stand. uncertainty 2.50 mQ
[ tmport from M3 Excel
File | |
Worksheet | | l:‘
10000.043 10000.053 10000.058

e Standard uncertainty - Distribution, Degrees of freedom, Value and Standard uncertainty are
requested. The data for the input quantity come from an uncertainty analysis, a certificate or a scientific
judgement based on all available information on the possible variability of the input quantity.

[@| 2 -ab
Quantity (&)
Ry

|Rs |
3R
dRTc
i}
r
BR1y

and measurement software

Name |re5|stance of the reference

Type |Type B W | UnitlQ i3 |
Uncertainty estimate |5tam:|‘ uncertainty hd |
Distribution () Normal O t-distribution
Value 10000.053 |2
Stand. uncertainty 2k
Degrees of freedom @
Coverage probability 95.00 %
Coverage factor 1.96
[ Import from M3 Excel
File | |
Worksheet | | l:‘

Uncert. unit |mz2 b
2.5% W 97.5 %
10000.0481 10000.053 10000.0579

e Limit of error - Value and Limit of error are requested. The information comes from manufacturer’s
specifications, data provided in calibration and other certificates.

@] 2 -ab
Quantity @

MName |dr|ﬁ: of the resistance of the reference since its last calibration

Type |Type B hd | Unit|§2 w ‘
Uncertainty estimate |Limit of error hd |
Distribution |Rectangular
Value 0.02(0

Limit of error | 10 ”mQ v |

Degrees of freedom =)

Stand. uncertainty 5.77 ma
[7] tmport from M3 Excel

File | |
Worksheet | | l:‘

Uncert. unit \mg A
E
0.01 0.02 0.03

R3S ys

44



GUM Enterprise / Professional / Calculator / Excel Add-In

)

where:

be entered.

U - expanded or standard uncertainty, respectively limit of error

X - estimate of the same or a different input quantity

C - constant term of the measurement uncertainty in the quantity unit
W - relative term (slope) of the measurement uncertainty.

The expanded uncertainty, the standard uncertainty and the limit of error can be calculated relative to the
estimate of the same or a different input quantity. In this case after the field for the uncertainty is selected one
of the following units: "(relative)", "% (rel.)", "%o (rel.)" or "ppm (rel.).

The measurement uncertainty, respectively the limit of error, is calculated by using the linear equation:
U=C+ WX

This formula is often used to indicate in the calibration certificate the expanded uncertainty of the measuring
instrument. The parameters are entered in the same order C;W in the field of the measurement uncertainty,
separated by semicolons. If the constant is zero, only the relative term (slope) of measurement uncertainty should

0 Examples:
—
§ T 2l - ab Name
Quantity @ Type [Type B v| Unit mm v|  uncert. unitjmm v
k Y Uncertainty estimate |Expanded uncertainty v| 2.275 % b 97.725 %
° _ Distribution (%) Normal (O t-distribution
m Degrees of freedom @
Value 100 | mm
) Expanded rel. uncertainty 0.25 ‘% {rel.) v|
: Coverage probability 95.45| %
m Coverage factor 2,00
E Stand. uncertainty 0.125 mm
S iyt |
: ] tmpart from MS Excel
File | |
m Worksheet | | l:‘
g 99.75 100 100.25
E 2L - ab Name
b @ Type TypeB ~|  unithm w|  Uncert. unit fmm v
: Uncertainty estimate |Expanded uncertainty ~ | 2.275 % b 97.725 %
Distribution (%) Mormal () t-distribution
N Degrees of freedom ==
Value 0|mm
Expanded rel. uncertainty 0.05;0.25 |‘9‘n (rel.) v|
Coverage probability 95.45| %
Coverage factor 2.00
Stand. uncertainty 0.150 mm
Import from MS Excel
F\Iel |
Worksheet | | l:‘
0.3 0.0 0.3

— RMSys
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e Relative limit of error - Distribution, Value, Relative limit of error and Minimum absolute limit of error
are requested. The information comes from manufacturer’s specifications, data provided in calibration
and other certificates.

The software offers the following distributions:
- Normal distribution

- Rectangular distribution

- Triangular distribution

- U-shaped distribution.

The relative limit of error can be entered in %, %o or ppm, relative to the estimate of the same input quantity.
When the normal distribution is selected, instead of error limits the relative standard uncertainty and the minimum
absolute standard uncertainty are entered.

If the absolute limit of error, calculated based on the relative error and the quantity estimation, is greater than
the entered minimum limit of error, then it is used in the calculation of the standard uncertainty; otherwise, the
entered minimum limit is used for the further calculation of the standard uncertainty.

Example: The accuracy of a temperature probe is + 2,2 °C or = 0,75 % of reading (whichever is greater) in the
range 0-800 °C.

Reading * Relative limit of error = 400°C * 0,75% = 3,0°C
Limit of error = MAX (3,0°C ; 2,2°C) = 3,0°C
Standard uncertainty = 3,0°C / SQRT(3) = 1,73°C

@ 3] - ab Name |temperah_|re probe
Quantity 3) Type |Type B V| Unit|°C o | Uncert., unit |*C
Y Uncertainty estimate |Re|aﬁve limit of error N | b
X1
e Derbuton Rectng ¥
Value 400 °C

Relative limit of arror| 0.75 ”“foo {rel.) v |

Min, limit of error 2.2|%C

Stand. uncertainty 1.73 °C

"] Import from MS Excel
Fie | |

Worksheet | | I:‘

and measurement software

2978 250 252.2
Reading * Relative limit of error = 250°C * 0,75% = 1,875°C
Limit of error = MAX (1,875°C ; 2,2°C) = 2,2°C
Standard uncertainty = 2,2°C/ SQRT(3) = 1,270°C
’T\ 3l - ab Mame |temperature probe
Quantity T (3) Type |Type B v| Unitl"C L ‘ Uneert., unit [*C
Y Uncertainty estimate |Re\ative limit of error A | ¥
X1
_ Distribution [Rectangular v|
Value 250|°C
Relative limit of error 0.75 |%o (rel.) v|
Min. limit of error 2.2(°C
Stand. uncertainty 137 °C
] Import from MS Excel
File | |
Worksheetl | I:‘
297.8 250 252.2

— RMSys
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e Probability distribution — a known or assumed distribution is given. Additional parameters of the
selected distribution will be requested.

Normal distribution

2l - ab Name ‘convennonal mass of the standard
(&) Type ‘Tyne B vl Unitlg vl Uncert. unit |mg w
Uncertainty estmate ‘Prubability' distribution - ‘ 2275 % b 97.725 %
m Distribution |Normal ~ ‘
o]
Bm Value 10000.005|g
Bdmc Stand. uncertainty 0.05|g
3B Coverage probability 95,45 | %
Coverage factor 2,00
XU | xa,p a-,a+,p
Import from M3 Excel
File | |
Worksheet | ‘ |:|
w 9999.9 10000.005 10000. 11
® Rectangular distribution
g : 2l - ab Name |drift of value of the standard since its last calibration
\ ) Quantity ) Type Type B vl Unitlg vl Uncert. unit|mg “w
°I~ ny Uncertainty estimate Probability distribution v b4
m
= Distribution [Rectangular £¥3 ‘
m Bm Value Olg
“ Bmc Half-width of limits 0.015|g
: B Rel, error of uncertainty 0%
m Degrees of freedom @
% Xa | ®U a-a+
S Import from MS Excel
File | |
m Worksheet ‘ ‘ l:‘
m -0.015 0.0 0.015
E Triangle distribution
b : gl ~ alb Mame |correction factor for parasitic voltages and instrument resolution
Quantity @ Type Type B vl Unitl vl Uncert, unit
: Ry Uncertainty estimate [Probability distribution v X
R
m 6; Distribution Triangular v|
o
BRre Value 1.0000000
rc Half-width of limits 16
¥ Rel. error of uncertainty 0|%
BR7x Degrees of freedom w@
XA | AU a-a+
Import from M3 Excel
File | ‘
Worksheet | | D
0.999993 1.000001
m U-shaped distribution
g& + alb Mame |mismatch factor of reference sensor at the reference frequency
Quantity (0) Type [Type B ~ it v|  Uncert. unit
Uncertainty estimate |Probab|||t\; distribution - ‘ %
Distribution {U-shaped - ‘
Me. Value 1.0
My Half-width of limits 0.0008
Mg Rel. error of uncertainty 0%
My, Degrees of freedom =]
PCr
PCc
/ P X8 | X,U a-a+
Import from M5 Excel
File |
Warksheet | | l:‘
0.9932 1.0008
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Definition options of the probability distributions for type B evaluation of the standard uncertainty

- Coverage probability*
- Degrees of freedom (=3)

- Coverage probability
- Degrees of freedom (=3)

Probability Definition options
distribution
Normal H, O H,a,p a-,a+, p
- Value - Value - Upper limit
- Standard deviation - Half-width of limits - Lower limit
- Coverage probability* - Coverage probability** - Coverage probability**
- Coverage factor* - Coverage factor** - Coverage factor**
Lognormal a,H o a, p(In(x)), o(In(x))
- Limit value - Limit value
- Mean - Mean of the normally distributed In(x)
- Standard deviation - Standard deviation of the normally distributed In(x)
- Coverage probability* - Coverage probability*
Student’s t [T A § H,af,p a-,a+,f,p
- Value - Value - Upper limit
- Standard deviation - Half-width of limits - Lower limit

- Coverage probability
- Degrees of freedom (=3)

0
N
S R
§ ectangular H,a H, O a-, a+
N - Value - Value - Upper limit
S~ - Half-width of limits - Standard uncertainty - Lower limit
8 - Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
Triangular H,a H, O a-, a+
‘E - Value - Value - Upper limit
Q - Half-width of limits - Standard uncertainty - Lower limit
E - Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
Trapezoidal M,a b H,0, B a-,a+,8
& - Value - Value - Upper limit
S - Half-width of limits (a)** - Standard uncertainty - Lower limit
0 - Half-width of limits (b)** - Shape factor - Shape factor
] - Shape factor** - Relative uncertainty error - Relative uncertainty error
Q - Relative uncertainty error
E Curvilinear H,a,d M, 0, d a-,a+,d
Trapezoidal - Value - Value - Upper limit
o] (Rectangular with - Half-width of limits - Standard uncertainty - Lower limit
S inexactly prescribed | - Interval d - Interval d - Interval d
N limits) - Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
Quadratic H,a H, O a-, a+
- Value - Value - Upper limit
- Half-width of limits - Standard uncertainty - Lower limit
- Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
U-shaped H,a H, O a-,a+
- Value - Value - Upper limit
- Half-width of limits - Standard uncertainty - Lower limit
- Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
Cosine H,a H, O a-, a+
- Value - Value - Upper limit
- Half-width of limits - Standard uncertainty - Lower limit
- Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
1/2 Cosine H,a H, C a-, a+
- Value - Value - Upper limit
- Half-width of limits - Standard uncertainty - Lower limit
- Relative uncertainty error - Relative uncertainty error - Relative uncertainty error
Exponential 1]

- Value

- Relative uncertainty error

* Only for visualization purposes.
** Parameters are interdependent and are recalculated automatically when one of them is changed.

— RMSys
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entered in %. The program calculates the number of effective degrees of freedom for the inputs type B
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e Molar mass - this type offers automatic calculation of the molar mass, the associated standard
uncertainty, and the distribution type of chemical compounds. To calculate molar mass of a chemical
compound, enter its formula. The software supports both types of formula - molecular and condensed
structural, which can contain only letters, numbers, and parenthesis ().

- Molecular formula - Condensed structural formula
Mame Molar mass of octan Mame Malar mass of ockan
Type |T';-'|3E‘.' E vl Unik |g||'mnl v . | Type [Type B Vl Uﬂitl';l."l'ﬂ0| bl |
Uncertainty estimate |Mc-|ar mass - | Uncertainty estimate |M|:|Iar mass w |
Farmula CaH1a + 1 Formula CH3{CHz)eCHz| s
Yalue 11422835 gfmal Walue 114.22835 gfmal
Skand, uncertainty 0.004827 g/moal Skand, uncertainty 0.004827 gfrmol
Diskribution | Trapezoidal Cistribution | Trapezoidal

Chemical elements can be selected from a list with the “+" button:

Marmne |
Type |Tvpe B V| IInit |g,|'m|:|| w | Uncert, unit jgfmol A Fackor 1
Uncertainty estimate |M|:|Iar mass w | b
Formula (CaloH)z + !
Yalue Elements ... -

Stand. uncertainty | =
Distribution A Actinium

Ag  Silver

&l Alurniniurn

Am  Americium

A Argon

hs Arsenic -

[ tmport From MS Excel
File:

\Warksheet | I:

and measurement software

74,035 7409275 74,097

The first row in the list opens a table with the standard atomic weights and the stated uncertainty of all chemical
elements. The atomic weights and the uncertainty of the selected element in the list can be edited. The “!” button
in the formula field opens a window with the elemental composition of the compound:

E Formula-About

Symbal Mame Akamic weight Stated uncertainky
Ca Calcium 40.078 0.004

o Ceoygen 15,9994 0.00037

H Hydrogen 1.007975 0.000135

The uncertainty in the molar mass of the compound is determined in accordance with the EURACHEM/CITAC
Guide CG 4 Quantifying Uncertainty in Analytical Measurement. For each element, the standard
uncertainty is found by treating the IUPAC quoted uncertainty as forming the bounds of a rectangular distribution.
The corresponding standard uncertainty is therefore obtained by dividing those values by v3 . The uncertainty
contribution of each element is calculated by multiplying the standard uncertainty by the number of atoms. The
contributions from different elements are independent, therefore the standard uncertainty of the compound is a
square root of the sum of the squares of the element contributions. The reference sources for the standard atomic
weights and the stated uncertainty are:

e CIAAW Atomic weights of the elements 2013

e NIST Standard Reference Database 144, Atomic Weights and Isotopic Compositions for All Elements

— RMSys
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e Import from GMF model files — this type allows the user to reuse the results of other uncertainty
analyses previously saved as GMF files for the current analysis.

Mame conventional mass|
Uncertainty estimate |Imp0rt from GMF-file - | 2.5% b 97.5 %
File |[EA4-52-Calibration of a weight of nominal value 10 kg.gmf » ... |
Quantity | my b |
Distribution | Normal Unit; Uncert, unit |g; mg =
Value v 10000.0250 | g

Stand. uncertainty [u 29.3|mg
[] tmport of the comment
V -value of the result
u - standard uncertainty of the result
Blank - entered value is used

Refresh ” Refresh all
9999,96757 10000.025 10000.08243

File - with the button == a new GMF file is selected and with '™ an already linked GMF file. The version of the
imported GMF file must be version 4.10 or later.

Quantity - selection of the result quantity whose parameters will be imported; in the next fields the distribution

and the units of the result quantity are displayed. The button ‘= imports the units of the result quantity in the
selected input quantity.

Value, Standard uncertainty - both the value and standard uncertainty of the result, as well as just the value or
standard uncertainty, can be imported by entering "V" and "u". The imported numbers can be converted, e.g. if
"u*1000" is entered in the first field, the imported standard uncertainty is multiplied by 1000. The operators " +,
-, *, | " are allowed. The comment of the result quantity can also be imported to the selected input quantity.

With the Refresh button, the data of the selected input quantity will be read again and updated, and with the
Refresh all button, the data of all input quantities will be updated.

and measurement software
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7.5. Use of units

The software offers a sufficient database with almost all SI units and some other common units according to
ISO/IEC 80000. In addition, the software checks the use of all units according to the model equations entered.
Catalog of Units

The catalog is opened via the menu “Model -> Catalog of units”.

Measurement units

SI | Units & | Description Value in 5I unit In base units ~

N Y R v R P
" second {of arc) 1" =4.8481389E-6 rad 1
%o percent 1% =0.01 1
= degree {of arc) 1% =1,7453293E-2 rad 1
=C degree Celsius (temperature interval) 1*C =1K K
G degree Fahrenheit (temperature interval) 1°F =10,55555556 K K
R degree Rankine 1°R =0,55555556 K K
Yoo permille 1%e =0.001 1
|1 unit one 1 1
* A ampere 1A A
£ &ngstrém 1A = 1.0E-10m m
= | Afm ampere per metre 1 Afm mlea
= Afm? ampere per square metre 1A/m? m2eA
&-h ampere hour 14h =3500C 3
= Am? ampere square metre 14m2 m2ea
= armif(1s) ampere square metre per joule second 14-mif(1s) kgl-s-a
aae ae 1acre = 4046.356 m® m?2 W

Filter | setings ||| Exit

Insertion of new units

New custom measurement units can be added to the database with the Znsert button. Editing and deleting is
possible only for the custom units; standard units cannot be changed.

Defining units

Unit |ar |
Description (grains
Basic unit kg | Factor| 0,000065
1 [gr] = 0,000065 [ka]

In base units kg
Prefives [ ar

[ save | l Cancel ]

When defining new units, the basic unit in the SI system is selected in which the corresponding quantity is
measured. If no basic unit is selected, the entered unit will be considered as the basic unit for the
corresponding quantity.

The factor of the new custom unit to the basic unit must be entered. If the entered unit is also basic unit for
the corresponding quantity, the factor is equal to 1.

When checking the model equations, the used units are translated into the SI base units, so it is recommended
also to enter the translation into the seven SI base units (m, kg, s, A, K, mol, cd). If the basis unit is standard
SI unit, the program automatically fills the expression into the SI base units.

Prefix notation for new custom measurement units can also be added.
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Assigning Units
Each quantity introduced in the model equation can be assigned a unit in the following way:

- Direct input of the unit or part of the unit in the field - the software opens a list of matching units from the

catalog

MName [temperature probe

Type (Type B

vl

Uit Y]

Uncertainty estimate Relative limit of Errh -

Distribution |Rectangular VA
Value Cmiy
Relative limit of error eVfm
. limit of evem?
Min. limit of error e‘.n"ml,'kg
Stand. uncertainty m2{(v-s) ]

- The name of the unit can also be entered as a search text

MName |temperature probe

Type (Type B

vl

Unit johm| w

Uncertainty estimate Relative limit of Err_

Distribution |Rectangular mho
Value 250
Relative limit of error 0.75 |‘5-‘u {rel.) w |
Min. limit of errar 2.2
Stand. uncertainty 127

- Units with prefix can also be searched

Mame [temperature probe

Type (Type B

vl

Distribution

and measurement software

Value

Relative limit of error
Min. limit of error
Stand. uncertainty

Rectangular

Unit rnil.-' w

Uncertainty estimate |Relative limit of err mV fm

mVy
my-A

250

0.75)% (rel) v

2.2

1.27

- Selection window through the field menu Select

Measurement units

SI | Units
= radfs

Value in 51 unit In base units ~
1rad/s s‘l

radian per sguare second 1 radfs

E S ——
:
|

<= | Description
radian per second

secnnd to the power minus one
mint minute to the power minus one
* | Npfs

1mu-r1 = 1.6666667E-2571 s-1

neper per second 1 Mpfs gl

= Bfs bel per second 1Bz gl

dB/s decibel per second 1dBfs =0.1B/s gl

* kiloaram 1kn ka ~
Filter | |

() a (atto)
() z (zepto)
Oy (yocta)

O cfeent) ) n (nano)
O mmili) O p (pico)
() p (micra) ) £ (femito)

() da (deca)
@ .
() d (ded)

(O M (Mega)
() k (kilo)
) h (hecto)

OF (peta)
(T (tera)
() G (Giga)

Q¥ (yotta)
O Z (zeta)
() E (exa)
|z |

Cancel

Hz ok ||
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Unit Validation

In the fields for units, you can use the context menu of the right mouse button to insert Greek symbols, or to
format the characters as superscript or subscript.

In addition, a unit with a different prefix can be selected for the measurement uncertainty.

After the units have been defined for all quantities, the consistent use of the units according to the rules of the
SI system can be checked in the "Validation of the measurement units in the equations" view.

WFLLEL M 62 (caitri v[ 14t B J U A4A-xx, O f|1HQ

ly=In+8ly+Ely+8ls

8lv=In*(an-am)* (tm-to)+(IN*(an+ax)-(Ln* an+Lx* ax+Le*aE))* St+Ls* as*Stg

Slg=6lgn+blgs

_ Mame |Influence of method |
Iy Type |Interim result | Unit|mm v| Unecert. unit ||.|m v|

o ivimmI=inmm]*(an (KoK ) * (tm[*Cl-tol"Cl)+{(INmm*(an[K +ax K- )-(LImm] *an [k L+ Lxmm] *ax(K L+ Le]
t Sly[mm]=[mm]

t

ay

Ln

Lx

Le

L3

&t

Ls

as

Bts

I=In+8In+Ely+8lg

Slv=In* (cen-an} * (Em-to}+{IN* (an+ax)- (L * an+ L ax+LE® ag) ) *6t+Ls* as*5ts

and measurement software

Slg=6lgo+6lcg
Mame |current reading of dial gauge
In Type |Result | Unit|mm v Uncert, uni
B,
6IN Ix[mm]=In[mm]+8ly[mm]+8ly[mm]+8lg[mm]
v i
Ble Ix[mm]=[mm]

Equations with inconsistent use of units are marked with red font. Below are the magnitudes and unit check
results for the selected equation.

F B R o | [calbri

v 1t B 7 U 4-x*x |0 | )4

Ix=In+8In+Ely+8l

Slv=In*(an-am)* (tm-to)+(In*(an+ax)-(Ln*an+Lx® ax+Le* aE) ) * St+Ls* as* bts
Slg=6lgo+6lgs

m aly
Iy

ay

L

tm

ty

oy

Ly

MName

Type

length of plunger of incremental displacement measuring system of standard measuring equipment

Type B | Unit|m e | Uncert. unit |m

vl

hy[mm]=In[mm]*{an[K--ap[K- ) * (tm[*Cl-to[*Cl}+(In[mm]*{an[K-U+ax[K-1)-(Ln[m]* an[K- ULy mm] *ax (K- Le [mm)?
8hy[mm]=[mm]+{[mm-KL]-(Ln[m]*an KT+ mm]*ax[ K +Le[mm]* ag[K-11))* 6t[K]+Ls[mm]*as[K11* 6ts[K]

Lx
Lg
ag

m After changing the inconsistent units, you can use the button @J to update the unit validation.

Validation of the units does not guarantee that the model equation is also suitable for the intended use and that

‘ the calculated values are correct. It only checks whether the use of the units is formally consistent.
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If the usage of the units is not consistent, the units or the model should be changed. The warning indicates that
it cannot be automatically decided whether the use of the units is consistent. The user decides whether either
the warning can be ignored, or whether the units or model should be changed.

When a file is opened, it is checked whether the units used are in the catalog and whether the use of the units
has been verified. The result of the check is displayed in the status bar. Selecting the warning with the mouse
button hides the pop-up menu for inserting missing units or checking units.

o RUER T

Name: |CALIBRAT[ON OF NOMINAL 10 K STANDARD RESISTOR

Description

Method:[FlGUF TN | CImcm Adaptive b ] [10000 ]
Mar data ‘ g [l v w6t B LU 4.3 x| 2 f g

Rx = (Rs + 8Rp + 0Rrs)*rc™r -ORm

Model

Total budget

Observations |
Correlations |

Quantity (7 Mame ‘resistance of the unknown resistor
Type Result v unitle v|  Uncert. unit|me ¥

C:\QMSys GUMYQGUM Enterprise 5. 1\Examples\EA 4-02\FA4-53-Calibration of a nominal 10 kOhm standard resistor.gmf

When units that are missing from the catalog are found while loading the model, a window opens in which
these units can be replaced or entered in the catalog of measurement units.

i R
N B anahyse || %% Probabilty distribution Calculation of tolerance & for GUFMCM validation
D
m BRrs () Automatic distribution detection (=) Number of significant digits
E rc (@) select |Norma\ distribution ~ ‘ () Percentage of comb. uncertainty
GUF r Coverage probability 95.45| %
'h Charts BRrx e Proof of capability Compliance assessment
0 Tolerance or distribution interval Q
Format Capability index-Limit value [Cm (J0GM 108) v
m Summary Exp. uncert. |Ahsn\uhe v‘
: [ spec. format
Value |0.000 E-format [ tmpert from MS Excel

m Expanded uncertainty l:l E-format File | |
E Worksheet | ‘ D

@

@

'z
QO £
\ £ s v on B I VU] A7 - xx [Eles i s ® Pk B 00
: - Maximum Permissible Error (MPE) is 0,002 % (0.2 Q).

=

=
) ¢

w

=
® =

=
QO =

The result of the unit check is displayed and saved by the corresponding message. The next time the file is
loaded, the result of the unit check is also visualized if necessary.

Kelvin (K) and Degree Celsius (°C)

If quantities are defined in an equation whose units use both °C and K, there is a possibility that absolute and
relative temperature specifications are not used correctly. The user should either avoid mixing °C and K, or
carefully check that the units have been used correctly.

Conversion factors
In the model equations you have to insert the conversion factors (factors for converting one unit into another
unit) as quantities of the constant type and enter the correct value with the correct unit.

Scaling factors
Unit scaling factors (e.g., mg/mL to mg/L) may be entered into the model equations.

— RMSys
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Defining a supplementary system of measurement units

the catalog the corresponding units of the supplementary system.

The software allows the defining of supplementary system of units for all units, used in the model equations. The
supplementary system is saved in the model file, and the user can with simple click switch between the systems.

It is necessary to enter the designations of the basic and the supplementary system of units, and to select from

Designation of the basic system of units |51

Designation of supplementary system of units |JSC5

51 ISCS Coeffident Convert
ft 0.3048 | 1ft =0.3048 m
m/s ftfs 0.3048  1ftfs =0.3048 m/s
m3s ft3fs 0.028316847 | 1ftdfs = 0.023316347 m3/s

and measurement software
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7.6. Settings in register Total budget for multiple result evaluations

In the page Total budget, you can activate the summary of the results in a table and set the parameters for the
charts or the correlation analysis of the resulting values.

Mame: ‘Cahbrahon of a gauge blocks 1, 5, 10, 20 and 50 mm

Method: [#] GUF ] ML MCM Adaptive Tolerance:[0.25 |+ | Trials { cyde [10 000 | Trials:|  220.0|x10% (Minimum trials: 219.8x10%)
Main data Total budget
Description Summary table of the results
Col
Model 2 ug::m:ty Chart ] Correlation analysis of the result quantities
P = Basic quantity nominal length of the gauge blocks ‘
otal budge alue
Symbol [L
Comb. stand. uncertainty
Observations ‘ Distribution Exp. uncert.
Series
i Coverage factor O
Correlations ‘ Cnveraze probabilty [ Max. permissible uncertainty
Exp. analysis Expanded uncertainty Exp. uncert. Quantity +
:
Lower interval limit e o] Ll Lol
Upper interval limit bis (]  [mm]
GUF [ Capabiity kg [nm] Lig [mml]
20 20
p— [ index bag [nm] Lag [mm]
ar
[] Limit value hes [nm] Lso [mm]
MCM
] Min. Talerance
Summary [] compliance
[P - inside
[P - outside
[] Lower specification limit
@ [ Upper specification limit
&
= [ Basic quantity
] [ value
2
E
fiv
5 fpra v ornlBRUlan o[l s = Sz 0 B B oo
[}
w
>
(o
& =
(=3 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\FA4-54aCalibration of a gauge blocks 1,5, 10,20,50mm.gmf | | =] ‘:‘: B
— ]

For the summary table of the results are selected the columns to be displayed in the table.

In the chart settings, you can enter the name of the basic quantity, which is used as a label for the horizontal
axis of the chart. Optionally, a symbol for the basic quantity can also be entered. The results are selected in the
table to be included in the chart. For each result in the second column is selected the basic quantity, the value of
which will be used for the horizontal axis of the diagram. Automatic entering of the basic quantity is possible with
the built-in search function.

and measurement software

The type of chart is selected in the total budget view, and the software offers the following options:
e Regression analysis and calculation of the equation of the expanded measurement uncertainty for a
certain measurement range
e Scatter or line chart with option for logarithmic scaling of the horizontal axis.

Mame: ‘Cahbrahon of a gauge blocks 1, 5, 10, 20 and 50 mm
Method: - GUF ML McM [¥] Adaptive Tolerance:[0.25 |+ | Trials { cyde [10 000 | Trials:|  220.0|x10% (Minimum trials: 219.8x10%)
Main at= b |bs |bao  |beo | boo v
Description Quantity Value Comb. stand. uncertainty | Distribution | Coverage factor | Coverage probability | Expanded uncertainty | Lower interval limit | Upper interval limit
Model ke 1,000162 mm 27,3nm Triangular 1,93 95,45 % £53nm 1,000109 mm 1,000215 mm
Total budaet ks 4,9998598 mm 28,7 nm Mormal 2,00 95,45 % =57n0m 4,999341 mm 4,999955 mm
otalbudge [ 10,000150 mm 29,4mm Mormal 2,00 95,45 % =590 10,000121 mm 10,000233 mm
Observations ‘ hop  20,000234mm 31,3nm Mormal 2,00 95,45 % £63nm 20,000181 mm 20,000307 mm
o 50,000275 mm 33,3nm Mormal 2,00 95,45 % +71nm 50,000205 mm 50,000347 mm
Correlations ‘
Exp. analysis Regression analysis Scatter Line
ZE m]
B 60 S
GUF g 501
Charts ERE
E 30
McM g 20y
2 104
Summar w0 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
Y 0,0 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
nominal length of the gauge blocks
mm
Correlation coefficent 0.978
& Equation of the fitting line (54,7 + 0,340 *L) nm
E Equation of exp. uncertainty (56,2 +0,340 *L) nm
< - —= = = - - —
g [aial v ot B I U |42 -x3%|S|E 8 E 5.0 B i B X0
o Equation for expanded uncertainty:
=
p=]
L) U=0,06pm + 0,33"10-*"L, where L is the length of the gauge block in [mm].
3.
2
= =
[ed C:\QOMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\FA4-543-Calibration of a gauge blocks 1,5, 10,20, 50mm. gmf | | = ‘::E GB
-
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A column for data series can be added to the chart settings table by selecting the respective option. Individual
data series are marked with successively increasing numbers or with names and are only considered in the line
or scatter chart types; regression analysis is calculated over all data. Additionally, a column for the maximum
permissible uncertainty can be added and the values for each result can be entered.

GUM Enterprise / Professional / Calculator / Excel Add-In

The buttons in the header row of the last two columns automatically fill in the selected value in the corresponding

column in the following rows to the end of the table.

Name: ‘Wlderstandsmessung mit Mikroohmmeter
suF (I | CImam Adaptive [Lo8 [10000 ] [ 220.0]
Mzin data Total budget
Description Summary table of the results
Cal
Model & ug::nhty Chart [ correlation analysis of the result quantities
Total budget e Basic quantity R,'zs\stance ~
Comb. stand. uncertainty
Observations ‘ Distribution Exp. uncert.
Series
i Coverage factor
m Correlations ‘ g & ety Max. permissible uncertainty
overage probabili
Exp. uncert. Quantity & | Series F | Max. permissible uncerl 57 ; ~
k Exp. analysis Expanded uncertainty
Mess; 20 MB 20, 02y, 5 [%]
[] Lower interval limit w20 0,0220 [0 A/, [l
[ Upper interval limit X Messyi 00225 [0 M8 20A/0,02V | 5[%]
§ GUF ] Capabilty Prometyag_o,0230 [%%] Messuvzo_0,0:30 %] ME 204/0,02v 5 [%]
Charts [ tndex Prometo_o,0050 [%] | Messuzg_0,0050 [La] MB 20A/0,02V 5 [34]
ar
N Fetue Prometyyg_0,62100 [%] | Messuyg 0,02100 [19] | MB 204/0,02V 5 [%]
b e Prometyy20_0,02500 [%] | Messuyg_0,02500 [19] | MB 20A/0,02V 5 [%]
0 Summary o Prometizo_0,021000 [%] Messmyzo 0,021000 [L2] | MB 20A4/0,02v 5 [%]
m Pl Prometuyizo 0,2200 [%] | Messuzo 02200 [ ME 204/0,2v 5 [%]
s Prometuzo 0,250 [%] | Messuzo 02250 [0 MB 204/0,2v 5 [%]
o~ [] Lower specification limit Prometyyzg 0,300 [%] | Messizo_0,2300 [u0] MB Z0A/0,2V 5 [%]
: [ Upper specification limit Prometyizg 0,2500 [%] | Messiwzo_0,2500 [u0] MB 204,0,2V 5 [%]
T Prometyy;2g_0,21000 [%] | Messuyg g,21000 [10] | MB 204/0,2V 5 [%]
Prometyyyg 025000 [%] | Messyyzg 025000 [10] | MB 20A/0,2v 5 [%
[ value & &
Prometyizo_0,210000 [%] Messwyzo 0210000 [L2] | MB 20A/0,2v 5 [%]
Prometyizo 22000 [%] Messuyzo 22000 [L02] MB 2042V 5 [%]
m Prometyyzo 22500 [%] | Messyyzo 22500 [00)] MB 2042V 5 [%]
Prometyyzg 23000 [%] HMessuyizo_23000 [b2] MEB 204/2V 5 [%]
k Promety2o 25000 [%] | Messyrg 25000 [2] ME 2042V 5 [%]
: o Prometyy;20 210000 [%] | Messyyag 210000 [0] | MB 20A/2V 5[%]
= Prometyyyzg 250000 [%] | Messyyzg 250000 [u0] | MB 20429 5 [%]
0 £ 2 prometyazs 5000 (4] Hesmzo 50000 |10 2251 .
m g < > ~
i}
Q £ raial v w0t B U428 = 2 . |18
o)
E 5
=
o)
= s
b =] C:\QMSys GUM\Client Examples\ABB Version 4.12 - 2020,06. 16YMU312_Widerstandsmessung mit Mikroohmmeter Promet_Bereich.gmf | | [ERESEE

Mame: [Widerstandsmessung mit Mikroohmmeter

€:\QMSys GUM\Client Examples\ABB\Wersion 4. 12 - 2020.06. 16\MU312_Widerstandsmessung mit Mikroohmmeter Promet_Bereich.gmf

| [E[E=

57

Method: ~ GUF  HL McM Adaptive [1.08 [1wo00 ] [ 220.0]
S Prometyni00.0,2300 | Prometyuno 02667 | Prometuyg 2150 | Prometiyaoo 2300 | Prometyygo 2667 | Prometyygn 23000 | Prometug 26667 | Total v
Description Quantity Value Comb. stand. uncertainty | Distributon | Coverage factor | Coverage probability | Expanded uncertainty | Expandedrel. uncertainty | Max. permissible uncertai A
Model Prometynzo_0,0220 0,574 12 Rectangular 1,65 95,45 % £0,9530 4,76 % 5%
S Prometyyzg_o,0225 25,000 p& 0,574 02 Rectangular 1,65 95,45 % 20,8530 £381% 5%
otal budge Promety2o 0,0230 30,000 pQ 0,574 10 Rectangular 1,65 95,45 % £0,953p0 +£3,18% 5%
Observations | Promety20_0,0:50 50,000 pQ 0,574 10 Rectangular 1,65 95,45 % £0,953p0 +1,91% 5%
Prometyyzg_g,02100 100,000 pe2 0,574 02 Rectangular 1,65 95,45 % £0,853p0 0,953 % 59
Correlations Prometyy;2g 0,02500 500,000 12 0,574 10 Rectangular 1,65 95,45 % £0,9530 +0,191% 5%
- e Prometyys0 0,02:1000 100,000 p& 0,574 102 Rectangular 1,65 95,45 % £0,953p0 +0,0953 % 5%
P AN Prometyag_0,2200 200,00 102 57740 Rectangular 1,65 95,45 % £9,530 £4,76% 5%
Prometuuizn 0,250 250,00 2 5,774 10 Rectangular 1,65 95,45 % +9,53p0 +381% 5%
Prometyy;zg _g,2300 300,00 p&2 5,774 0 Rectangular 1,65 95,45 % £9,530 £3,18% 5%
GUF Prometyyn_0.2500 500,00 pQ 5, 7740 Rectangular 1,65 95,45 % £9,53Q £1,91% 5%
Charts Prometyyz p,21000 1000,00 p22 5,774 10 Rectangular 1,65 95,45 % £9,530 +0,953 % 5%
Prometyyzg_g,25000 Sci0? po 5,774 10 Rectangular 1,65 95,45 % £8,53,0 0,191 % 5%
Prometyyzo 0210000 0,01x105p9 5,774 10 Rectangular 1,65 95,45 % £9,532 +0,0953 % 5%
Summary Prometypy;20_22000 10’ pa 57,7410 Rectangular 1,65 95,45 % £95,3p0 +4,76 % 5% v
< >
Regression analysis Scatter
2 5] B MB 204/0,02V
= o a m MB 204/0,2V
% B MB 2042V
T 3] B ME 100A/0,02v
m ME 100A/0,2V
& m MB 100A/2V
14 O MB 3004/0,02V
o0 o MB 300A/0,2V
" ol 100000 o ME 300A/2V
= Resistance
& i
2 Logarithmic scale on the x-axis
=
i} = —
z [rial v wrl| B I U - Q FRIERAR AN X ]
T}
w
-
9]
=
=]
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8. Observations

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.

Quantity (8) Name |observed difference in mass between the unknown mass and the standard |
ny; Type |Type A v| Unit|g v| Uncert, unit mg 2
m
5 s Method of observation [Indirect v |~ Scheme
mo &' |N.. Explanation
jom | pata ype Loles 1 _’ml
Uneertainty evaluation [Pooled estimate V||| a=
dmc ¢ |2 weight
5B Uncertainty estimate |Stand. deviation b 3 weight
i +
Number of observations Y f:j 4 stand.
Distribution () t-distribution (® Normal EJ
Degrees of freedom
Stand. uncertainty 144 mg
Import from MS Excel
File | |
Worksheet | | l:‘
Evaluation |A\-'G(\u'2,'\u'3)-A\~'G(\u' 1;v4)

E Model Functions Help

e aa,

Mame: |CALERATION OF A WEIGHT OF NOMIMAL VALUE 10 KG
Method: [v] GUF [ | []mcm Adaptive 0.2 10 000 220.0
Main data Bm ‘
Desaription Name |observed difference in mass between the unknown mass and the standard
Model Method |Indirect Unit|g E ‘.|Frr.|ﬁ\ | % 1o 4l 5 - il 418
Total budget No. | Explanation Reading Observations ‘-25 4 I+25
stand. 0.010 7 | ! |
Observations weight 0.020 ‘ i |
Wi 72+ H
Correlations | weight 028 ‘ |
stand. 0.015 0.010 & 3
Exp. analysis 2 stand. 0.025 ‘ |
weight 0,050 &0 - ‘ |
weight 0.055
stand 0.020 som|| 7! |
GUF d. - - ‘ |
3 stand. 0.025 -
Charts ; £ %7 5
ar weight 0.045 =z ‘ | 2
3 T
weight 0.040 S 424 ‘ | 2
stand. 0.020 0o || F % £
Summary ; ‘ | . ﬁ
= 20| |
24+ ‘ |
]| |
124
1
= (x10%)
=
& Mumber of values 3 |Mean value 0,0200 |Skewness 0.000
=
w Minimum 0,0100 |Variance 0,000100 |Kurtosis -1.500
% Maximum 10,0300 |Stand. deviation 0,0100 |Normal distribution (P=99%) Yes (T=0.175; K=0.866)
i} Median 0,0200 |Stand. uncertainty 0,00577 |Qutliers (P=95%) Mo (T=1.000; K=1.154)
l‘% Range 10,0200 Bayesian stand. uncertainty - |Qutliers (P=29%) Mo (T=1.000; K=1,155)
£ N - =)
(=3 C:\OMSys GUM\QGUM Enterprise 5. 1\Examples\EA 4-02\EA4-52-Calibration of a weight of nominal value 10 kg.gmf | ‘ ﬁ |$ GB

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

With at least 3 observations following tests are performed:

- Kolmogorov-Smirnov-Lilliefors fit test for normal distribution at 99% confidence level

- Grubb's outlier test at confidence level P = 95% and P = 99%; outliers are marked in the column “No.”
accordingly by "*" or "**",

In parenthesis are shown the test statistic (T) and the critical values (K).

In the Correlations page, the measurands can be analyzed for possible correlation. A prerequisite for a correlation

analysis is that the number of observations of the two quantities must be equal and that all of the observations
are filled in and are valid.
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8.1. Import of Measured Values from the Clipboard

The button Import measured values from the clipboard after the unit of the quantity or in the menu Functions
imports measured values from the clipboard for an observed quantity. The data are read in, checked and inserted
in the observation table. Any existing data will be replaced by the imported data.

EZ Microsoft Excel - Book O pocument1 - Microsoft Wy P Untitled - Notepad r][ﬁ|§| M. | Explanation Reading Observation
i Fle Edt  Wiew Ins DBl Edt View Insert Fol T standard 0,010
RN NEWETIE] ARN=A" NERE =AY unknown 0,020
: vl .8 § A ol + frisl, « Al unknawn 0,025
I~ - oz e standard 0,015 0,010
A | B 87 2 standard 0,025
1_|Reading . Reading unknown 0,050
2 oo - p.o10 unknawn 0,055
3 0,02 B A
|1 | 0,025 . standard 0,020 0,030
% EE; - 3 standard 0,025
— 08 - unknawn 0,045
5 | 0,055 - unknawn 0,040
=R e N standard 0,020 0,020
10 0,025
17| 0,045 .
12| 0,04
13 ] 0,02 -
14 B

8.2. Import of Measured Values from Microsoft Excel Files

This feature in the software editions GUM Enterprise, GUM Professional, and GUM Calculator allows the
reading and import of measured values for an input quantity of type A from an MS Excel file. The measured values
must be ordered in the Excel table in a row or column.

Using names for cell areas is also supported - in this case, the name is entered in square brackets, e.g. [values].
Upper / lower case must be considered. The area can contain multiple rows and columns, the measured values
will be read line by line.

Empty cells are not allowed in the defined region. The measured values are read from the file, validated and
imported into the table for the observations. Any existing data will be replaced by the imported data.

and measurement software

@ o,
E7 Microsoft Excel - Book1 EI[E‘ E‘ . . al - ah . Name =Rix/Ris; ratio of the indicated resistance for the Lnknown resistor and the reference resistor
PR Farnse 100 Quantiy Q| e e v| e v| unete|
4 | deb 2 x Ry Method of observation Direct v
: Data w-ln o Help  Adobe PDF. : -- ; Re Dot type Valoes =
HIFE s ! i g Export ODF E ; FFd ! Ehez! BRo Uncertainty evaluation [Experimental v
PR e Ta a3 S AL E Lig f:_s Uncertainty estimate [Stand. uncertainty v
5 - 3 _ Number of observations 5t B2 -Bs
& ‘ B ‘ T | — BRox Distribution () t-distribution (& Normal
~

1 |Mo.  Estimated value Degrees of freedom =

2 1 1,0000104

3 2 1,0000107

4 3 1,0000106

a 4 1,0000103 B 1
= 7] Import from MS Excel

6 5 1,0000105
7 ' :! File |53_Data.xls B

v
W« » v Sheetl  Shee “ 21 Worksheet [Readings v &
Refresh I Refresh al

BB Model Functions Help

o =] b & e MC \E = - aE B
-5 @ Tw O Xlao RUER 7F
Name: |Ca|ibraﬁ0r| of a nominal 10 kOhm standard resistor
Method: [?]cUF [ InL | [Jmcm Adaptive bz ] [1w000 ]
Main data A |
Description Mame | =Rix/Ris; ratio of the indicated resistance for the unknown resistor and the reference resistor
Mo Wetrod Drect urit NREFE Y O
Total budget No. | Estimated value ‘725 % ‘+25
1.0000104 ® I ! I
Observations 2 10000107 ‘ | ‘
g 42 -]
Correlations | € 1.0000108 ‘ ‘ 2
4 1,0000103 35
Exp. analysis 5 1.0000105 _ | |
e | | &
oy 5
2 3
5ud | \ g
GUF b | | L. =
— 13 Ed
Charts E] ‘ ‘
124 ‘ ‘
Summary 6 -
2 \
w a T =
= T T
= 53_Data.xls [B2:B6] |5 J00010. 100010. J00010. 100010. 100010. 100010. J00010. 100010. (x10§)
=
g Mumber of values 5 |Mean value 1,000010500 |Skewness 0.000
=
] Minimum 1,000010300 |Variance 0,0250x10°12 |Kurtosis -1.300
'5 Maximum 1,000010700 |Stand. deviation 0,158x10°% |Mormal distribution (P=99%) ‘Yes (T=0.136; K=0.405)
a Median 1,000010500 |Stand. uncertainty 0,0707x10°% | Qutiiers (P=95%) Mo (T=1.265; K=1,715)
"
u:: Range 0,400x10-% | Bayesian stand, uncertainty 0,10010°% | Qutiiers (P=99%%) Mo (T=1.265; K=1,764)
= =
(=3 C:\OMSys GUMVQGUM Enterprise 5. 1\Examples\Excel Import-Export\EA4-53.Import. Export-Calibration of a standard resistor.gmf | e | !E ‘ @ ‘:‘: GB
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Import of measured values for type A indexed quantities

When using import from MS Excel for indexed quantities the user must define the cell references only for the
main quantity and the program will automatically initialize the appropriate cells to the sub-quantities with the
corresponding indexes. Using names for cell areas is also supported - in this case, the name is entered in square

brackets, e.g. [values].

Following options for importing measurements from MS Excel are offered:

e Measured values of each index quantity are arranged by columns

Example
- Index definition: index n=(1:4)

- Number of observations: 5

Definition of cell area of the main guantity:
- by name: [Name_C]
- or by cell references: $C3:F7

- Index definition: index n=(1:4)
- Number of observations: 5

- by name: [Name_R]
- by cell references: 1$4:N7

- Cell area: "“Meas_C" = $C$3:$F$7 Mame
o Meas C - A 102 Type [Type A v| Unit v
| g B £ | D | E | F Method of observation Direct “
m 1 Cuantity index
2 Mo _0i 02 03 T Data type Values b/
E ER 1 10,2 95 2 35 4 E0.4 Uncertainty evaluation [Experimental w
' g 4 2 10.3 253 A6 0.6 Uncertainty estimate |Stand. uncertainty w
0 | 5 | 3 10.3 25.3 35.6 50.6 Mumber of observations 5 ”[Meas_C] |
m % ; ::g; ;g; ggi ggi Distribution () t-distribution (%) Mormal
‘E o ) ) ) ) Degrees of freedom @
O
N
: Import from MS Excel
File IMPORT Excel Data QGUM QGUMY, xlsx = M=
"))
0 Worksheet |GUM v| [
Q [ Refresh ][ Refresh all ]
S e Measured values of each index quantity are arranged by rows
N Example Definition of cell area of the main guantity:

- Cell area: "Meas_R"” = $1$4:$N$7 Name
Meas_R - [ 102 Type [Type A b | Unit b
H I Tk L[ m | N —
3 No. 1 2z 3 1 5 Method of observation Direct W
|4 | a1 102 103 103 101 102 Data type |Values b
| & |Quantity Q2 262 253 253 251 252 . - ;
5 | index 03 w1 EE w®E B2 54 Uncertainty evaluation [Experimental w
7 04 504 S5S0F S0E 502 504 Uncertainty estimate |Stand. uncertainty hd
m = Mumber of ohservations 5 ||[Meas_R] |
Distribution () t-distribution (® Normal
m Degrees of freedom =]
Import from MS Excel
File [[MPORT Excel Data QGUM QGUMY ., xdsx s
Worksheet [GUM v| [&]
[ Refresh ][ Refresh all ]

If in the defined area are empty cells, the software will automatically reduce the number of observations for the
corresponding sub-quantity. At least 1 measured value must be entered in the Excel file for each sub-quantity.
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9. Import of Data from Microsoft Excel Files

The software editions GUM Enterprise, GUM Professional, and GUM Calculator support an import of data
from MS Excel files (version 2016 and newer, *.XLS, *.XLSX) to all types of input variables. To import data from
Excel files the MS Excel application should be installed correctly. The import is based on the OLE automation
interface. It starts the MS Excel software in the background as soon as an analysis imports data from an Excel

file.

The import from MS Excel is activated by checking the option Zmport from MS Excel. In the File field the name of
the Excel file is entered. Alternatively, the first button in the same box opens a search window for selecting the
Excel file. In the second box the worksheet, which contains the data to be imported, is selected. The selected MS

Excel file can be opened by clicking on the M putton.

Values from one Excel file can be imported to multiple input quantities and an uncertainty analysis can be linked
to multiple Excel files. Already linked Excel files are displayed in the list of the Name field. The last linked Excel
file is automatically suggested when processing the next input quantities.

MName |conventional mass of the standard
Type |Type B ' | Unitlg w |
Uncertainty estmate |Ex|:uanded uncertainty w |
Distribution (=) Mormal () t-distribution
Degrees of freedom o
Value |G10 10000.005(g
Expanded uncertainty 511 45 |mg w
Coverage probability 95.00 | %
Coverage factor 2.00 |
Stand. uncertainty 22.5 mg
Import from MS Excel
File |52_Data.xlsx 443
Worksheet [Readings w | IE
[ Refresh ][ Refresh all ]

Uncert, unit |mg L
2.5% % 97.5 %
9999,96 10000.005 10000.05

Mame |[correction for eccentricity and magnetic effects
Type |Type B w | Unitlg w |
Uncertainty estimate |F‘robability distribution w |
Distribution [Rectangular w |
Value 0lg
Half-width of limits |G2 1 0.01|g
Rel. error of uncertainty 0f%
Dearees of freedam w
| ¥, 8 x,U a-a+
Import from MS Excel
File |52_Data.xlsx 43
Worksheet [Readings w | E
[ Refresh ][ Refresh all ]

Mame |correction for eccentricity and magnetic effects

Type Type B vl Unit|g v|
Uncertainty estimate |Pn:ubabi|ity distribution w |
Distribution |Rectangular V|
Value | 0fg
Half-width of limits G212 0.005(g
Rel. error of uncerminty| | 0%
Degrees of freedom =]
X,8 ®U a-a+
Import from MS Excel
File |52_Data. xdsx 43
Worksheet Readings v| E
[ Refresh ][ Refresh all ]

In the corresponding cell fields should be entered the names of the cells in the same spelling of MS Excel, from
which the QMSys GUM software should read the respective values. In the right field the read value is displayed.
It is allowed to import only certain parameters and to the other parameters, the values are entered in the right

field.

Small formulas can be entered in the cell fields, when a conversion of the read value is needed; for example,
calculation of the half-width of the limits of a rectangular distribution, when the entire interval is read from the

Excel file.
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With the Refresh button, the data of the selected input quantity will be read again and updated, and with the
Refresh all button, the data of all input quantities will be updated.

The program automatically saves the relative file path if the Excel file is in the same folder or in a subfolder to
the GMF file. Otherwise, the absolute file path is stored. When you copy or move the files, the relative position
of the Excel file to the GMF file is maintained. The folder structure, in which the files are stored, can be shifted
as a whole or common parent folder can be renamed, but they should not be changed relative to each other.
Otherwise, the QMSys GUM software will not find the Excel file. Source Excel files should not be moved if the
absolute file path is saved.

Import for indexed quantities - type B, constants, results

Cell references for the respective quantity parameters are entered in the same manner as in MS Excel in the row
“Import from":

Reference type Cell reference Cell references for the respective
index
Absolute cell reference Al or $A$1 Quantity_1 = Al
Quantity_2 = Al
Quantity 3 = Al
Absolute column reference $A1 Quantity_1 = Al
Quantity_2 = A2
Quantity 3 = A3
Absolute row reference A$1 Quantity_1 = Al
Quantity_2 = B1
Quantity 3 =C1

Entering individual cell references for each sub-quantity is also possible.

Using names for cell areas is also supported - in this case, the name is entered in square brackets, e.g. [values].
The number of cells in the area should not be less than the number of index elements, otherwise the parameters
of the last sub-quantities will remain empty. If the area contains multiple rows and columns, the values are read
by columns.

and measurement software

Example:
Quantity (270) Name |Inshument accuracy
om Type [Type B | Uit w|  Uncert. unit|m -
Vavg_[n]
B [n] Uncertainty estimate |Prohabl\|ty' distribution v ‘ Quantity ‘ Value Half-width of limits A
D_[n] Distribution |Ractangu\ar v ‘ d i
ofodees | Y — o] tmporcirom P ||
DIfes TT T il 0.005
D[n]Jop Degrees of freedom w
Blnlres D2res c19 031 Fs 0.005
B[njop Stond, ety n D3res c20 0.4 |F6 0.005
VInlac = Ddres c21 051 |F6 0.005
DSres c2 085 |5 0.005
V[n]st
Vinlvd Déres C23 123 |F8 0,005
V[n]op xa KU a-a+ D7res C24 158 |Fa 0.005
ot D8res C25 168 |F& 0.005
amo D9res C26 171 [F& 0.005
e Impur.t from MS Excel Dilres c27 187 |Fe 0.005
Qus File |Current-meter7data‘xlsx - [ ‘Q| Diires 23 134 |F& 0.005
oon Worksheet [Discharge v Dizres  c2 171 |Fe 0.005
[ Refresh I Refresh al | Dlsres ©30 185 |F6 0005 v
m A B = D E F G H | J K L [\ N o
1 Uncertainty sources | i |Resolution| Uncertainty evaluation, Distribution type Sources associated with the total discharge
2 Measurement of width Discharge model, u{Qmo) 0.50%
3 |Tape resolution a(Bres) 0,002‘ 0.001 Rectangular, half-wifth a = Resolution / 2 WMO (2011)
4 Operational conditions u{Bop) 0.0015 Normal, ISO 1088-2007 Table G 1 Number of verticals, u{Qnv) 2.50%
5 Measurement of depth 1SO 1088 Table G.6
6 | Instrument resolution a(Dres) 0.0 0.005 Rectangular, half-wifth a = Resolution / 2 Flow unsteadiness, u(Qus) 0.00%
7 Operational conditions u(Dop) 0.02 Normal, 1S0O 1088:2007 Table G.2 WMO (2011)
3 Measurement of velocity using current-meter Oper. conditions, u{Qop) 0.50%
9 | Instrument accuracy 2.00% Normal, Instrument specification WMO (2011)
10 | Sampling time (1 min) 4.00% Normal, IS0 1085:2007 Table G.3 Number of verticals 22
11 |Vertical velocity model variable MNormal, 1ISO 1088 Table F.1 Number of verticals + end points 24
/ 12 |Operational conditions u(Vop) 0.005 Normal, repeated measurements
13
14
15 Discharge measurements Calculation of the mean Uncertainty depending on
15 Verticals | Width b Depth, d Velocity, v ‘.“’lo':iw in verticals the mean velocity
17 urf. 0.2d 0.4d 0.6d 0.8d bed Points | Mean | u(Vac) | u(Vst) |%u(Vvd)| u(Vvd)
18 1 0 0 0 0 0 0 0 0 0 0 0 0.0% 0
19 2 1 0.31 0 0 0 0.193 0 0 1) 0.193] 0.0039[ 0.0077 8.2%| 0.0158
20 3 . 04 0 0 0 0.219] 0 0 1] 0.213] 0.0044[ 0.0088 8.2% 0.018
21 4 0.51 0 0 0 0.238 0 0 1) 0.238] 0.0048[ 0.0095 8.2%| 0.0185
2z 5 4 0.85 0 0 0 0.243 0 0 1) 0.243] 0.0043 0.0097 8.2%| 0.0189
23 6 4 1.23 0 0.26 0 0 0.211 0 2| 0.2355| 0.0033] 0.0094 4.9%| 0.0115
4 7/ 6l 158 0 0.265 0 0 0.216 0 2| 02405] 0.0034] 00096 4 99 0.0118
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10. Correlation matrix

In the Correlations page, known correlations between the input quantities are entered in a matrix of correlation
coefficients. To change the correlation coefficient between two input quantities, the corresponding cell that
belongs to the two values is selected and the value is entered or changed. The coefficients value has to be in the
range -1 <= value <= +1. The matrix value is updated as soon as change is committed by pressing the Enter
key or by selecting a different matrix cell.

The Correlation analysis for type A quantities (BE] button starts an analysis for possible correlations between two
types A quantities. If the number of observations of two measurands is the same for both of them and all of the
values are valid, a correlation coefficient is computed. A correlation coefficient is not calculated if one of both
standard deviations is zero. After clicking OK in the Correlation analysis window, the selected rows from the
correlation analysis will be inserted in the relevant cells of the correlation matrix of the model.

If new data is entered for quantities of Type A at a later time, a new correlation analysis should be considered.
QMSys GUM Software will not automatically adjust the correlation coefficient to the new data.

- - -} =7 ¥=X MC
R-=- E —ﬂ [ v ﬁé M correlation analysis for type A quantities

Mame: 4.2 Simultanecus resistance and reackance measurement | Quantity 1 | Quantity 2 | Valus

NF
N

E Model Edit Functions Help

Method: [#/]GUF  [JML | [] Monte-Carlo v I “0,3553
Main data ERE, S, | |The correlations matrix is positive semi-definite. ¥ P 0,8576
Description ¥ 1 P 1 ] -0,6451
.
1 -0,3553 1
Totsl budgst | | 0,857 | -0,6451 1

Correlations

Exp. analysis

Budget

@ Deecimal placesl 4 '+| | OK | [ Cancel ]

Further input quantities are inserted in the correlation matrix with the button £+ Select / remove quantities.

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 button &Y Optimization.

and measurement software

Example:
m: §+ N\ | |The correlations matrix is not positive semi-definite 5 §+ '\. | |The correlations matrix is positive semi-definite.
1 Xz X3 41 Xz X
X 1 X1 1
Xz 0,7 1 Xz 0,67
x| K x: | 003 1
Optimization
X1 X3 X3 Eigen walues of the original matrix
X1 | 1 2,06301458127347
1
3z 0,67 l -0, 063014561 273465
b} 0,03 0,76 1

Eigen walues of the optimized matrix
2,02816107126276
0,970237137652241
0,00160179108499396

’ Insert ] [ cancel |

Only a positive semi-definite correlation matrix can be used in an uncertainty evaluation. When correlations
between input values are considered, then the description field should contain the reason why, and where the
correlation coefficients came from.

— RMSys
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11. 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 ones for the following
calculation of the measurement uncertainty.

The following tests and calculations are performed:
11.1. Linearity of the Model

The program determines for each input quantity the nonlinearity of the model equation in the sixth areas of the
distribution interval. As indicator of nonlinearity are used the relative differences between the sensitivity
coefficients, calculated from the symmetric interval [x+u(x); x-u(x)] and from the one-sided intervals
[x; x+0,5*%u(x)], [x; x+u(x)], [x; upper limit], [x; x-0,5*%u(x)], [x; x-u(x)], [x; lower limit]. The model equation is
sufficiently linear, if the nonlinearity is less than a specified limit. The default limit is set to 0.05.

Additionally, the software displays all input quantities with invalid (zero) sensitivity coefficient. The reason for
that problem can be a local minimum or maximum of the model function or a nonlinear relation between the
result and that input quantity. Such nonlinearity should be seen in relation to the magnitude of the standard
uncertainty associated with the quantity.

11.2. Validity of the Results of the Equivalent Linear Model

The software uses the method according to the GUM Uncertainty Framework for the calculation of the results of
the equivalent linear model. Here, the partial derivatives (the first term of a Taylor series) are determined to
calculate the sensitivity coefficients and the combined standard uncertainty. The results of the quasi-real model
are calculated by using the quasi-Monte Carlo method with Sobol sequences (50000 simulations) and a special
algorithm for generating correlated values while maintaining the specified probability distributions.

The software validates the results of the GUF method for linear models by comparing the values and the combined
standard uncertainties. The numerical tolerance & in this comparison is calculated as a percentage of the combined
standard uncertainty of the quasi-real model. The default percentage limit is set to 5%. The results of the linear
model are validated if the absolute values of the differences do not exceed the specified tolerance .

and measurement software

11.3. Symmetry and Type of the Probability Distribution of the Result quantities

The program calculates the skewness of the real distribution of the result quantities and determines the
appropriate theoretical distribution. The resulting distribution is considered sufficient symmetric if the skewness
is smaller than the specified limit. The default limit is set to 0.5.

If the resulting distribution is sufficient symmetric, the software selects the most suitable from the following
theoretical distributions:

¢ Normal distribution

e Rectangular distribution

e Triangular distribution

« Trapezoidal distribution with automatic determination of the form factor

» Mixed symmetric distribution with automatic determination of the coverage factor.

11.4. Condition regarding the correlated input quantities in linear models
For the correct calculation of the expanded uncertainty in a linear model with normal or t- distribution of the

result quantity the model equation may not contain correlated input quantities with a finite degree of freedom.
Otherwise, the GUF-NL method for non-linear models and the Monte Carlo method should be used.

— RMSys
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11.5. Conditions regarding the correlated input quantities and the probability distribution
in nonlinear models

For models with non-linear correlated input quantities or non-linear non-normal distributed input quantities the
GUF-NL method for non-linear models and the Monte Carlo method should be used. These cases are not
considered in GUM and GUM Suppl.1, but they can be analyzed with the QMSys GUM Software, because the
software uses a special algorithm for generating correlated values for several input quantities while maintaining
the specified probability distributions. This algorithm keeps the shape of the probability distribution of the input
quantities unchanged, and the maximum deviation from the prescribed correlation coefficient is in the most cases
smaller than 0.001.

11.6. Selection of Appropriate Methods for Uncertainty Analysis

The GUM methods (GUF, GUF-NL) for analysis of the measurement uncertainty are suitable only for models with
symmetric distribution of the result quantities. Moreover, additional conditions regarding covariance, degrees of
freedom and probability distribution of the input quantities (test points 4 to 6) must be met. Since the range of
validity of the Monte Carlo method is wider, it is recommended to use both methods (GUF / GUF-NL and MCM)
and to compare the results. The following table shows the possible situations in the selection of the appropriate
methods for the uncertainty analysis.

Method GUF GUF | GUF-NL | GUF-NL | MCM
Test + MCM + MCM
1. Linearity of the Model Yes Yes Yes / No | Yes / No | Yes / No
2. Validity of the results of the equivalent linear model Yes Yes No No No
3.1. Symmetry of the distribution of the result quantity Yes Yes Yes Yes No
3.2. Type of the probability distribution of the result quantity Normal All Normal All All
4. Correlated input quantities with a finite degree of freedom No No Yes /No | Yes/No | Yes/No
5. Non-linear correlated input quantities No No No Yes / No | Yes/No
6. Non-linear non-normally distributed input quantities No No No Yes / No | Yes/ No

GUF — GUM Method for linear Models; GUF-NL - GUM Method for non-linear Models; MCM — Monte Carlo Method

The software checks the conditions for the application of each method and suggests the appropriate methods.
With the Apply button, the methods for the following calculation of the measurement uncertainty are set
automatically. Manual setting of the methods is also possible.

and measurement software

ﬁ Model Edt Functions Help

Iw WE T E O XES- RER 7w

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

Methad: [v| GUF L [ mi] Adaptive Talerance: Trials [ cycle (10 000 Trils: | 220.0|x10%  { Minimum trials: 2198103 )
Main data Recommended method: GUF-NL for nonlinear models, Monte-Carlo method Apply
Description =
P 1. Linearity of the model: Yes
I Mode! Res. quantity Linearity Honlinear input quantities Masx. nonlinearity in (+o/2) Max. nonlinearity in (+a) Mazx. nonlinearity in (+a)

Total budget L, Yes

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
e s Value Comb. uncertainty |Value Comb. uncertainty |Toleranced |A Value A Comb. stand. uncert. | Validity
auF by ] 43,99992600 | 0,03443x10°> 49,99992600 | 0,03640x10°° 0,5x10°® 0,0 -1.97x10°® No
I Charts

MM 3. Symmetry of the distribution of the result quantities: Yes
Res. quantity Skewness Type of distribution
b 0.00 Mormal

4. Correlated input quantities with a finite degrees of freedom: llo
5. Nonlinear correlated input quantities: No

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

W
L)
=
=
=
@
=
[
w
=
=
L]
)
=
u
=
o

CAQEUM Enterprise 4. 100Examples-testiEA 4-02\EA4-54-Calibration of a gauge block of naminal length S0 mm. gmF | | @ ‘:: :: GE
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12. Measurement Uncertainty Budget

The result of the analysis is presented in pages GUF, Charts and Monte Carlo of the Budget view.

GUF-Budget

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 Inferim results are only shown with the value and
the standard uncertainty. Additional columns can be activated in the Budget menu.

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 relative contribution of uncorrelated input quantity is calculated by the ratio of the square of the uncertainty
contribution to the square of the combined standard uncertainty.

Where input quantities are not independent, the calculation of the relative contribution takes account of the
entered correlation coefficients, after that for easier result interpretation the calculated relative uncertainty
contributions are normalized. The sum of all relative uncertainty contributions is always equal to 100%.

Charts

The page Charts summarizes the information from the GUF-budget and helps the user quickly to identify the most
significant sources of uncertainty. The software offers several types of charts and adjustable limit of the
cumulative relative uncertainty contribution.

The table contains all input quantities forming the sum of the uncertainty contribution not less than the selected
limit. The significant quantities are sorted in descending order of the uncertainty contribution.

For indexed quantities the software calculates and draws in the chart the cumulative uncertainty contribution of
all sub-quantities for the respective main quantity. The individual uncertainty contribution of the sub-quantities is
displayed only in the table.

and measurement software

Monte Carlo-Method

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

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 8 in this comparison is
calculated based on the combined standard uncertainty and the number of significant digits. 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.

— RMSys
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Example: GUF — Measurement uncertainty budget

Name: |Ca\ibraﬁnn of a type M thermocouple at 1000 =C
Methed: - GUF ML MCM Adaptive
Main data Vi | ty « B
Description Quantity Value Stand. uncert. Distribution DoF Sensit. coeff, Uncert. contribution |  Rel. contribution Bar chart
Model Vix 36248,00 pv 1,60 pv Normal @ 1,00 1,60 pv 0,42 % \
BVt 0,0 pv 1,00 pv Normal @ 1,00 1,00 pv 0,16 % ‘
Total budget
BV 0,0 py 0,289 pv Rectangular =] 1,00 0,289 pv 0,01 % ‘
Observations ‘ Vg 0,0 v 1,15V Rectangular @ -1,96 -2,28 0V 0.83 % ‘
By 0,0 v 2,89 pv Rectangular =] 1,00 2,89 pv 1.35 % |
Correlations ‘ t 1000,0 °C
E Iy =1 0,026 Kfpv
P anayss B 0,0k 0,0577K Rectangular @ 25,6 vkt 1,48V 0.36 % \
Cxo 0,039 Kfpy
ts 1000,500 =C 0,100 =C Normal @ -38,5 vt 3,854V 2490 % I
GUF Cs 0,077 Kfpv
Charts &V 0,0y 1,00 v Normal @ -2,9 2,96V 143 % |
BV 0,0 v 0,289 v Rectangular P -2,36 -0,855 v 0.12 % |
Csp 0,189 Kfpv
Summary Byg 0,0K 0,0577K Rectangular w 15,7 pv K- 0,905 pv 0.13 % |
Btg 0,0K 0,150 K Normal w -38,5 pv-kt -5, 77V 5.41 % ]
Btp 0,0K 0,173K Rectangular @ -38,5 pv-k-t 6,66 LV 7.21% 0
Btp 0,0K 0,577K Rectangular o -38,5 pv Kt 22,2V 30.16 % [
Walue Comb. stand. uncertainty Effective degrees of freedom Sign. digits
Wy 36228,8 LV 24,8V o 3
Value Expanded uncertainty Coverage factor (Probability) Distribution Sign. digits
Result 36229 pv =+ 50 pv 2,00 (95,45 %) Mormal Spec. format
@ GUF validated: Tolerance &: A Value: A Comb. stand. uncert.: Coverage intervals: Unit [uv]
2 — — — GUF [35179,2:36278,4] MCM[——] d [——]
=
= =
2 [Arial v wt] B J U|4-2 - x*x - 0 PR TN N ]
= — = E
- The type N thermocouple shows, at the temperature of 1000,0 °C with its cold junction at a temperature of 0 °C, an emf of 36 230 pV £50 pV.
5 The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factar k = 2, which for a normal
g distribution corresponds to a coverage probability of approximately 95 %.
5
@
=
(=4 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples'EA 4-02\EA4-55-Calibration of a type N thermocouple at 1000 =C.gmf |

and measurement software

MName: |Calihrah’nn of a type N thermocouple at 1000 °C
Method: - GUF ML MCM Adaptive
Main data AT
Description Quantity Uncert. contribution Rel. contribution Cumulative rel., mm;;ml 95 fll% [Labels
Model Bte 22,20V 80.15 % 25
Total budoet Btp 6,66 pv 7.21%
otaludge Bts 5,770V 5.41% %1
Observations | ts 3,850V 240 % 241
BVisy 2,96 0V 143 % 224
Carrelations | Vx 2,89 v 135 % 204
e s Vg 2,26V 0.83 %
P Bnelyss vix 1,60 W 0.42% T ¥
Other 2,200V 0.78 % - 169
5
Vi 24,80V < 14
2
GUF £ 1]
Charts E 104
g
£ B4
=
Summary 5
4
2]
0- T
o Bte Bty Bt e BVicy BV BV Vix Other Vg
I
T
=
2 [arial v wt]| B I U|l4-2-xx S R = = R SR N
= o ———————
u The type M thermocouple shows, at the temperature of 1000,0 °C wath its cold junction at a temperature of 0 °C, an emf of 36 230 pV +50 pV_
5 The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor k = 2, which for a normal
9 distribution corresponds to a coverage probability of approximately 95 %.
-
2
=
(=3 C:\OMSys GUMVQGUM Enterprise 5. 1\Examples\EA 4-02\EA4-55-Calibration of a type N thermocouple at 1000 °C.gmf |
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le: Chart of the uncertainty contributions of model with indexed quantities

ction t

ToX o MC AV -
s -0 X g o

Name: [DISCHARGE MEASUREMENTS ACQUIRED WITH A MECHANICALCURRENT METER
Methad: | GUF | L MCM Adaptive
Main data om | ot T
Description Quantity Uncert. contribution |  Rel. contribution &
Model 2 V[nlvd 0,0770 mijs 53.04 %
ol et vivd 0,0ms 0,00 %
otalburige vavd 0,00490 mfs 0.21% 1 100
Observations | V3ud 0,00720 m¥fs 0.% %
Vavd 0,00994 m?fs 0.88 % 50 |90
Correlations | v5vd 0,0169 m3fs 2,56 %
- - Véud 0,014 m3fs 1.79 % 45 L s
P analysis vivd 0,0186 m3s 3.11%
3
R vsvd 0,0208 mjs 3.87% a0
= vovd 0,0229 mjs 470 % 70
V10vd 0,0264 ms 6.22 % 35 £
vilvd 0,025 m3fs 5.02% 7 leo s
viavd 0,0233ms 4.84% = 5
3 = 30 2
Vi3vd 0,0213m’fs 4,05 % 5 E
3 E Fso §
Vidvd 0,0189 m¥s 320 % 2 8
vi5vd 0,0160 m3fs 2.30 % T z
m vievd 0,0131ms 153% =z Lo 2
k Vi7vd 0,0122m3fs 1.32% = a0 =
m visvd 0,0163 m3s 2.37% 5
vigvd 0,0125m3js L3 % 15 30
v20vd 0,0106 mjs 1.00 %
\ v2ivd 0,00863 m3fs 0.67 % 104 20
‘h v2avd 0,00677 m3fs 0.41%
° va3vd 0,00371 m3fs 0.12% Lo
V2avd 0,0m¥s 0.00 % 5]
m < V[n]st 0,0589 m/s 31.05 %
& <  V[nlop 0,0283 m/s 744 % 04 -0
h E om 0,106 m¥/s VIn]vd V[n]st Vinlop V[nlac Dnlop Other
S B v
2
Q E o o © Bl s = -0 Bk B ke D0
=
5
o
w
.
0 5
=
1 N 5] c:\oMSy= GUM\QGUM Enterprise 5. 1\Examples\Models with indexed quantities\Current-meter_Mid-section.gmf \ EEE
S .
E Budget Help
) -1 N Y=X g MG, NF
- o, - O W X
b Mame: |Ca\ibraﬁun of a type N thermocouple at 1000 =C |
: Method: - GUF ML MCM Adaptive Tolerance %10%  (Minimum trials: 219.8x103)
m Main data <
Description
el ~ || shape factor: 0.39 |
Model Value 36229 pv
©bud Comb. stand. uncertainty 24,7V Vx Additional dasses
Total budget Expanded uncertainty +46 v || | Mam 36183,3 (2.275 %) 36226,8 6274, (37.725 %)
Observations | Coverage interval [36183;38274] v || | GUF 36183,4 (2,275 %) 36228,8 36274,2 (97.725 %)
Expanded rel. uncertainty +0,13 % |
Correlations | Coverage factor 1,34 ]
Coverage probability 95,45 % 6.4 -
Exp. analysis | o ]
Maximurm 36313,4 PV ] =
GUF Median samawv||F g
— =
Charts Range 161,0 gV E 4.5+ <
Mean value 36228,8 pv % ] nEJ
MM Stand. deviation 24700 || 2 55 ] 3
Summary Skewness 0.002 z B E
Kurtosis -0.769 ] <
Quantie (2.275%) 36183,3 1V 277
Quantie (37.725%) 36274,3 0V 1
1.8
0.9 4
04
@ 36175 36200 36225 36250
=
& MCM validated: | Yes Tolerance: | 5 :25(y):| 0,11 25(u): | 0,0619 25(yHow): | 0,151 25(y-high): | 0,272 Unit [2v]
&
= =
I Arial v wn] B F U|4- & xFx EEEFE- 0 BB X0
% The type N thermocouple shows, at the temperature of 1000,0 °C with its cold junction at a temperature of 0 °C, an emf of 36 230 pV +46 pV.
T} The reported expanded uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage factor k= 1.84. which for a
& trapezoidal distribution corresponds to a coverage probability of approximately 95 %.
E
(=4 C:\OMSys GUMQGUM Enterprise 5. 1\Examples\EA 4-02\EA4-55.MC-Calibration of a type N thermocouple at 1000 =C.gmf |
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get, asymmetric distribution

get Help

= aa.

MName: |GUM Supplement 1 - Example 9.4.2.2 - zero covariance

Method: -~ GUF ML MCM [] Adaptive Tolerance: Trials / cyde %103 (Minimum trials: 200.0x10%)
Main data
Description Result
e | il il |GUF |Nnrmal distribution v‘
Model Value 0,05x107% =
Comb. stand. uncertainty 0,050x10°2 v U e
Total budget - 3 3 3 3
Expanded uncertainty [-0,05x%107% +0,10x107] || | MCM 0,0 (0 %) 0,050x10 0,150x10°% (95 3&)
Observations | Coverage interval [0,0:0,15x10] || | GUF 2.5 %) 0,050x10 0,148x10°2 (97.5 %)
Expanded rel. uncertainty [-100; +200] % 15 t L 150
Correlations | Coverage factor [-1,00;+2,00]
Coverage probability 95,00 % 13.5 L135
Exp. analysis | —
Mirirmum 0,0 124 -120
Budget
- Maximum 0,779x10°2 =
Median 0,035x10°2 || | F 10.5 Fws 2
Range 0,779x103|| | & =
2 =
Mean value 0,050x10-3|| | 8 9 oo 2
McM B ||| g g
Stand. deviation 0,050 10 =z g
Ske 1396 || |5 "5 |75 =
=i 3
Kurtosis 6.077 5] Lan =
Quantile (0%) 0,0
-3
Quantile (95%) 0,150x10 45 Las
34 30
1.5+ 15
) 0 : Lo
& 0,0 0.1x10°%
‘=
E MCM validated: | Yes Tolerance: | 5x10% 25(y): [ 0,097x10% 25(u): | 0, 144x 105 25(yow): | 0,903x 102 25(y-high): | 0,429x10€ Unit ]
=
= = Y =
& arial v wr| B 7 U 4.2 x = NN T = AR A N
=l
(L]
v
o
_U_'!
e
(=] C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\GUM Supplement 1\GUM Supplement 1 Example 9.4.2. 2.gmf |Bas|c units | | =] GB

t Help
. -
Mame: |ca|ibration of a dial gauge in accordance with DIM 878 |
Method: ~ GUF ML MCM Adaptive Tolerance: Trials / cyde Trials: x10% { Minimum trials: 219.8x10%)
Main data k |
Description Quantity Value Stand. uncert. Diistribution DoF Sensit. coeff. Uncert. contribution |  Rel. contribution Bar chart ~
Model Iy 5,0047000 mm 0,0577 pm Rectangular © 1,00 0,0577 pm 0.15 % |
ol budaet By 0,0 mm 0,260 pm Normal @ 1,00 0,260 pm 3.03 % I
otal budge an 8,500x10°€ k1 0,98 1106 L Rectangular - 0,0 K'mm 0,0pm 0.00 % |
Observations | ap 0,01850x10F K 2,14 10% k2 Rectangular @ 0,0 K'mm 0,0 pm 0.00 % |
tn 20,000 =C 0,577 °C Rectangular ==} -0,0900x 10 mme=C- -0,0520 pm 0.12% |
Correlations | t 20 °C
- ‘ ax 0,01150x10-F K 133108t Rectangular @ 0,0 K'mm 0,0 um 0.00 % |
P Enavss Ln 120,00 mm 5,77 mm Rectangular - 0,0 0,0um 0.00 % |
— Lx 70,00 mm 5,77 mm Rectangular @ 0,0 0,0 pm 0.00 % |
Sudge
- Le 20,0000 mm 0,0577 mm Rectangular [==) 0,0 0,0 pm 0.00 % |
ag 0,01150x10-3 K1 1,33x10% k1 Rectangular @ 0,0 K'mm 0,0 pm 0.00 % |
Bt 0,0K 0,173K Rectangular = -0,00187 mmeK -0,325 pm 4.72 % =
Ls 155,000 mm 0,577 mm Rectangular ==} 0,0 0,0 pm 0.00 % |
as 0,01050%107 K1 1,21x10% k1 Rectangular @ 0,0 K'mm 0,0 um 0.00 % |
e
Bt 0,0K 0,144K Rectangular @ 0,00163 mmK 0,235 um 247 % 1]
Bleo 0,0mm 1,00510-% mm Rectangular 1,00 1,00 pm 4476 % [
Bles 0,0mm 1,00x10-% mm Rectangular = 1,00 1,00 pm 4476 % ||
Value Expanded uncertainty Coverage factor (Probability) Distribution Sign. digits
Result 39,0047 mm +3,0 pm 2,00 (85,45 %) Normal 2
Capability Index Cm Limit value Min. Tolerance
Yes 5.0 4 0,024 mm
Compliance P -inside P - outside £,9850 5,0150
I ) |
Pass 100.0% 0.0% 8,3820 8,3880 35,0120 3,0180
W
@ GUF validated: Tolerance &: A Value: A Comb. stand. uncert.: Coverage intervals: Unit [mm]
E Yes D,ExlU"‘ 0.0 0.0 GUF [9,00171:9,00769] MCM [3,00181:9,00759] d HJ,].X]U'J:U,D(IU'J]
a
E MCHM: Walue |3,00470 mm Comb. stand. uncertainty |1,43 pm Expanded uncertainty |+ 2,9 pm
=
= * U 4-2-x = R
2 Arial v| wr| B 7 U o = - Q ‘ P N - Q
a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by A
w the coverage factor k = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
= w
)
=
(=] C:\OMSys GUMYQGUM Enterprise 5, 1'Examples\EA 4-02WDI_26158-1-2 Calibration of a dial gauge .gmf |Basic units ‘ ‘ B
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)

Example: Monte Carlo — Measurement uncertainty budget, proof of capability, compliance

assessment

—

¢ -

¥=X

MName: |ca|ibratian of & dial gauge in accordance with DIN 878

Method: -~ GUF NL MCcM [7] Adaptive Tolerance: %107 ( Minimumn trials: 219,8x10)
Main data
Description Result |
v
Model Value 9,0047 mm
Comb. stand. uncertainty 1,43 um
Total budget -
Expanded uncertainty + 2,8 pm LRL LsL LAL usL URL
I ! I
Observations | Coverage interval [8,0013;9,0076] mm | [ |
Expanded rel. uncertainty +0,032 % 811 | ‘ | r%
Correlations | Coverage factor 1,94 52 | ‘ | "
= - | Coverage probability 95,45 % = [
%p. analysis Proofof e | ‘ |
— 7.3 - 16
Capability Yes | ‘ |
Budget
Index Cm 52 —_
- 644 | \ | P g
Limit value ||| = =]
" = =
Min. Tolerance _ z 0,0231 mm T oss | ‘ | [12 -
McM = g - L | | | g
nmp !EHEE ass uﬂ__J 4,5 | ‘ | Lig g
P -inside 100.0% 3 =
P - qutside 0.0% e ] | | [ 8
Minirnum 9,00002 mm 2,74 | ‘ | Lg
Maximum 9,00935 mm
Median 9,00470 mm el | \ | L4
Range 0,00933 mm | ‘ |
Mean value 9,00470 mm 0.9 4 | ‘ | La
Stand. deviation 0,00149 mm
Skewness -0.005 o | | . | 0
Kurtosis -0.487 8.990
Quantile (2.275%) 9,00181 mm 8,9850 9,0150
@ Quantile {97, 725%) 9,00759 mm
E 8,9821 8,9879 9,0121 9,0179
a
H MCM validated: | Yes Tolerance: | 0,5x10° - 25(y): | 5,9x10% 25(u): | 3,47x10° 25(yow): | 0,0113x10%  25(y-high): | 0,0143x 1072 Unit [mm]
=
=
; [arial vl wt] B J U| A4- £ -x*x, = = - | FRIERAR A N e
= SRS
a The expanded uncertainty of measurement for the displacement of 9 mm is obtained by multiplying the standard uncertainty by ~
w the coverage factor k = 2, which for a normal distribution corresponds to a coverage probability of approximately 95 %.
) v
[v]
=
(@] C:\OMSys GUMVQGUM Enterprise 5. 1\Examples\EA 4-02\WDI1_2518-1-2 Calibration of a dial gauge.gmf ‘Basic units | | =] :::: GB

E

Model Functions Budget Help

MName: |H. 2 Simultaneous resistance and reactance measurement

Method: -~ GLUF ML MCM Adaptive
— R [x [z |Total v
Description Quantity Value Comb. stand. uncertainty | Distribution | Coverage factor | Cowverage probability | Expanded uncertainty | Lower interval limit | Upper interval limit
Model R 127,7320 Normal 2,00 95,45 % +0,1420 127,590 127,874Q
Total budact X 219,347 0 0,2956 Q Mormal 2,00 95,45 % +0,591%0 219,255 Q) 220,433 Q2
otalbudee z 254,260 @ 0,233 0 Normal 2,00 95,45 % 0,472 0 253,787 92 254,732 02
Observations |
Correlations |
Exp. analysis
Caorrelation analysis of the result quantities
R X z
R
I Charts X -0.588 1
z -0.485 0.993 1
o
1)
‘=
a
i
2
i laral ARSI SRR A X
=
=
(L]
n
o
n
=
=] C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\GUM\GUM Example H. 2.gmf | IE1EEE
=
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13. Printing and Export to Microsoft Excel

13.1. Printing of Measurement Uncertainty Report

Printout in the program is made by configurable templates in RTF format (*.RTF) with coded fields, e.g. $FA01#
for individual fields and $7B801# for table fields. The user can provide or adapt the report by using the coding of
the fields from the standard report. The sequence of the individual fields or tables can be changed. The RTF
Template can contain additional texts and pictures (Company Logo).

Types of coded fields

Coding Field Content

$FAO01# Individual data fields.

$TBO1# Table data fields.

$F107?100;504# Graphic fields, the two additional numbers define the size of the graphic (width;

$F107?100;50;M# height) in unit [mm] (M#) or [inch] (I#). If no coding symbol is entered for the

$TE2074;2;1# unit, the numbers for width and height will be interpreted in [mm].

$C0118# Texts from the program language file for the selected language. Language files
are normal text files in the program folder Languages and can be open with
programs like MS Notepad.

$ELOGO# Company logo.

The following rules however must be fulfilled:

e The marking of a field consists of "$" + "Field name" + "#".

e Individual data fields ($F*) and table data fields ($T*) cannot stand mixed in one table.
e Table data fields from different sources ($TA*;$TB*) cannot stand mixed in one table.
e Coded fields must be with the same font - e.g. $FA01# is correct, $FAO1# is wrong.

Setting of custom templates

The dialog window for selecting custom templates is called over Function/Print/Template... menu or over
the Print/Template... button. Enter a designation of the report in the Name field and select the template
file in the File field.

= Report templates

Mo e e | S A )

GUF-Report
I_I

and measurement software

Marne MCM-Repart
File | S{APPAT emplates\MCM. it E|

0Ok ] [ Cancel ]
g Toolbar buttons
@ Add template Selection of a file for new custom template
4 | Delete template Deletes the setting for the selected custom template
Set template as default | Marks the selected custom template as default
: |§| Open template Opens the selected custom template for redaction
Standard template Opens a template with all coded fields; program texts are shown with
both code and text
Standard template Opens a template with all coded fields; program texts are shown only
with text
m Standard template Opens a template with all coded fields; program texts are shown only
with code.
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When generating a report, the software automatically selects the corresponding standard template, if there are
no custom templates selected. If there are set custom templates, the software selects the default custom
template. Additional custom templates are selected for printing with the arrow on the Print button or over the
Function/Print menu.

Generated reports can be printed, saved in a file with a selectable name or send by email.

Standard templates

The software editions GUM Enterprise, GUM Professional, and GUM Calculator include following standard
templates:

Template file Analysis method Total budget

GUF.rtf GUF/GUF-NL No

GUF_CA.rtf GUF/GUF-NL Yes, with correlation analysis of the results
GUF_RA.rtf GUF/GUF-NL Yes, with regression analysis of the results
MCM.rtf Monte Carlo No

MCM_CA.rtf Monte Carlo Yes, with correlation analysis of the results
MCM_RA.rtf Monte Carlo Yes, with regression analysis of the results
GUF_MCM.rtf GUF/GUF-NL and Monte Carlo | No

GUF_MCM_CA.rtf GUF/GUF-NL and Monte Carlo | Yes, with correlation analysis of the results
GUF_MCM_RA.rtf GUF/GUF-NL and Monte Carlo | Yes, with regression analysis of the results

The standard templates include the most important mean data, the observations with statistical evaluation and
the budget data according to the selected method for analysis of the measurement uncertainty. These templates
are compiled in the file “templates.data”.

Copies of the standard templates are also located in the program folder 7emp/ates and can be adapted by entering
additional coded fields, text, or pictures (Company Logo).

Creating custom templates for the measurement uncertainty reports

The following steps provide the procedure for creating your own report templates:

and measurement software

1. Open an appropriate standard template from the folder "Templates" with a text editor for RTF files (such as
MS Word) and save it under a new name.

2. Make the desired changes. You can find the coding for field names and field contents in the standard coded
fields template, which is opened with the button in the Template settings window.
Save the changes in the new template.

4. Open the dialog window for the selection of custom templates over Function/Print/Template... menu or over
the Print/Template... button.

5. Select the new template file with the \%/ button and type a description of the template in the Name field.

Close the dialog with the OK button.

The new template is already set and can be selected for printing with the arrow on the Print button or over the
Function/Print/{ Template name} menu.

Appendix B shows an example of a report.

— RMSys
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Example 1: Excerpt from the standard template with all coded fields, field names are shown
with both coding and text.

5C0212# Description

$C74104# File $FAQ1#
$C0173# Name $FAQ2#
$C02124# Description $FAQ34#
$C0204+# Model $FAQ4+#

5C0712# Quantities description
$C0118+# Quantity |$C0173# Name |$C0438# Unit |$C0126# Type | $C0709# Comment |$C0212# Description
$TBO1# $TBO2# $TBO3# $TB04+# $TBOS# $TBO6#

Example 2: Excerpt from the standard template with all coded fields, field names are shown only
with text.

5C0212#
$C7410# $FA01#
$C0173# $FA02+#
$C0212# $FA03+#
$C0204+# $FA04+#
$ C0712#
$C0118# $C0173# $C0438# $C0126# $C0709# $C0212#%
$TBO1# $TB02# $TBO3# $TB04# $TBOS# $TBO6#

Example 3: Excerpt from the standard template with all coded fields, field names are shown only
with coding.

Description
File $FAOQ1#
Name $FA02+#
Description $FAQ3+#
Model $FA04+#
Quantities description
Quantity Name Unit Type Comment Description
$TBO1# $TBO2# $TBO3# $TB04+# $TBOS# $TBO6#

and measurement software
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13.2. Export to Microsoft Excel

The Export to MS Excelis a useful feature to transfer data from an uncertainty analysis over the OLE interface to
Excel files. With the command / button Export to MS Excel, a dialog window with the settings for the data transfer
is open.

E! Export to MS Excel

Model
Quantities data
Type A quantities
Ohbservation
In separate pages
Budget
GUF
Manke-Carlo
In separate pages

[ oK | [ Cancel l

The data transfer starts when selecting the OK button. The program MS Excel is loaded in the background and
according to the active options in the dialog window, the software creates a new workbook with multiple
worksheets and fills them with data. Numbers and units are exported into separate cells. Appendix C shows an
example of an export.

Note: Do not use the MS Excel program during the export, since otherwise the export operation can be disturbed.

Microsoft Excel - calibration of a dial gauge in accordance with DIN 878 E@@

Ei] File Edit ‘Wew Insert Format Tools Data  ‘Window GQGUM  Help  Adobe FDF Type a question for help 2 & X
HRRE=N" NERE II= RS- S RS A RSN N O NN - HesRe=d bt
: arial 10 2| B Z U S = =0y o 580 E oo B3t o-A-Bia s sl i a
Al - A
Al B [ ¢ o] E TF] G [ H | J | K L [ 1| M [o] &
1
2 Budget: I;
El Quantity Value Stand. uncert.| Rel. uncert. Distribution DoF Sensit. coeff. Uncert. contributi Rel. contributi S ity
R In 9.0047 mm 0.0577 pr B.41E-06 Rectangular = 1 0.0577 pr 3.86 % 0.001
5 | dly 0 mm 0.26 pm - Mormal = 1 0.26 pm 17.39 % 0.03
G | By 0 mm 0.404 pm
7 | filg 0 mm 1.41 pm -
B N 8.E0E06 K' | 98ED7 K' 0.118|  Rectangular = 0 Kmm 0 prn 0% i
9 | T 1.85605 K' | 214E06 K 0.115|  Rectangular @ 0 K.mm 0 prm 0% i
10| tm 20 ¢ 0577 K 0.0289 Rectangular = | -900E-05 mm.°C -0.052 pm 348 % 0.001
11 ] o 0°C
112 iy 115605 K' | 1.33E06 K 0.118|  Rectangular @ 0 Kmm 0 prn 0% i
13 | Ln 120 mm 577 mm 0.04581 Rectangular = 0 0 pm 0% 0
14| [ 70 mm 5877 mm 0.0825 Rectangular @ 0 0 prm 0% 0
115 | Le 20 rmm 0.0577 mm 0.00289 Rectangular = 0 0 prm 0% 0
16 | i 115605 K' | 1.33E06 K 0.115|  Rectangular @ 0 K.mm 0 prn 0% 0
1 17 | il 0K 0173 K - Rectangular @ 000187 mm k! -0.325 pm 2173 % 0.047
18 Ls 185 mm 0.577 mm 0.00372 Rectangular = 0 0 pm 0 % 0
19 | g 1.056-05 K' | 1.21E06 K' 01158  Rectangular @ 0 K.mm 0 pm 0% 0
|20 | tg 0K 0.144 K - Rectangular = 0.00163 mm. k' 0.235 pm 1572 % 0.025
21 | ilgp 0 mra| 1.00E-03 ram Rectangular @ 1 1 pm 66.9 % 0.448
(22| gy 0 ram| 1.00E-03 mrm Rectangular @ 1 1 pm BE9 % 0.448
| 23] Value Comb. stand. uncertainty Comb. relat. uncertainty Effective degrees of freedom
|24 Iy 9.0047 mm 1.49 pm 1.66E-04 o
| 28] Value Expanded uncertainty Coverage factor Distribution
| 26| |Result 9.0047 mm 3 pm 2.00 (95.45%) Mormal
| 27 | Capability Index Cm Limit value Min. Tolerance
| 26 Yes 5 1 0.024
23] | Compliance P -inside P - outside 83250 — 40150
|30 Yes 100.00% 0.00% 5,3520 5,3580 39,0120 9,050
b
M 4 v i\ Model £ Quantities  GUF Budget ¢/ MM Budget / |< ¥
Ready
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14. Automatic Export of the Results in Configurable MS Excel Files

In the imported Excel file, from which are read the data of the input quantities, can be automatically exported
the parameters of the statistical analysis of the measurements and the results of the uncertainty analysis. The
export is started manually or automatically after the calculation of the measurement uncertainty.

Settings for the automatic export of the results in the imported MS Excel file

The codes of the data for the automatic export are entered directly into the cells or in the comment field of the
cells. The order of the data fields in the worksheet can be arbitrary. When the codes are entered in the cells, it is
not allowed to enter any other characters or texts. If the codes are entered in the comment fields of the cells,
the comments may contain additional texts. The use of the comment fields allows the multiple use of the same
Excel file.

Examples:

Model file: £EA4-S2.Import.Export-Calibration of a weight.gmf

Import: Entering the name of the cell area defined in the Excel file S2_Data.x/s

Export: Codes are entered in the cells; the results are exported in new Excel file S2_Data_exp.x/s
Model file: EA4-S3.Import.Export-Calibration of a standard resistor.gmf

Import: Entering a range of cells (B2 - B6) from the Excel file $3_Data.x/s

Export: Codes are entered in the comment fields; the results are exported in the same Excel file.

Following table provides an overview of the codes for the input quantities of type A:

and measurement software

Field Contents Codes Comments

Quantity $A01101#

Number of values $A02101#

Minimum $A03101#

Maximum $A04101#

Median $A05I01+#

Mean value $A06I01#

Range $A07101+#

Variance $A08I01#

Stand. deviation $A09I01+#

Stand. uncertainty $A10I01+#

Bayesian stand. uncertainty $A11I014#

Skewness $A12101#

Kurtosis $A13101#

Normal distribution (P=99%) iﬁ:igiﬁ# Test result is returned with text “Yes™ or “No"
$A15101# lllns;ertln_g the letter "T" in front of the character

Outliers (P=95%) $A15101T# #" activates the export of the test value and
$AL6101% critical value.

Qutliers (P=99%) $A16I01T#

Normal distribution (P=99%) $A17101#

Outliers (P=95%) $A18I01+# Exporting with number: 0 = No, 1 = Yes

Outliers (P=99%) $A19101#

— RMSys
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Following table provides an overview of the codes for the result quantities, depending on the method of
calculation of measurement uncertainty:

] Method|  Gyf, GUF-NL Monte Carlo
Field Contents
Quantity $G01101# $M01101#
Value $G02I014# $M02I01+#
Comb. standard uncertainty $G03101# $MO3101+#
Distribution $G04101# $M04101#
Coverage factor $GO5I01# $MO5I01#
Coverage probability $G06I01+# $MO6I01+#
Expanded absolute uncertainty $G07101+# $M07I01+#
Expanded relative uncertainty $GO08I01+# $MO8I01+#
Lower interval limit $G09I01+# $M09I01+#
Upper interval limit $G10I01+# $M10I01+#
& Capability (text “Yes” or “"No") $G11101# $M11I01+#
® Index $G121014# $M12101+#
§ Limit value $G131014# $M13101+#
g Min. Tolerance $G14101# $M14101#
Q Compliance (text “Yes”, "No” or “U-Range") $G15101+# $M15101+#
0 P-inside $G16I1014# $M16101+#
"E P-outside $G17101# $M17101#
Q Lower specification limit $G18I01+# $M18I01+#
E Upper specification limit $G19I101+# $M19I01+#
Q Capability (0="No", 1="Yes") $G20101+# $M20101+#
S Compliance (0="No", 1="Yes”, 2=" U-Range") $G21101+# $M21101+#
% Inserting the letter "U" in front of the character "#" will export the corresponding values with the selected unit,
Q for example, $G02I01U#.
E In case of exporting several input or result quantities, the field codes are entered for each individual quantity in
Ko the corresponding cells. The two-digit number following the letter "I" corresponds to the order number of the
% input quantity in the view “Observation” respectively the result quantity in the view “"Budget”.

Example:

Value Comb. standard uncertainty Expanded absolute uncertainty
$G02101# $G03I01+# $G07101#
$G02102# $G03102+# $G07102#
$G02I103+# $G03I103+# $G07103#

Exporting the results in editions GUM Enterprise, GUM Professional, and GUM Calculator

The export is started manually or automatically after the calculation of the measurement uncertainty. By default,
the generated Excel file with the measurement uncertainty results is saved under a different name. At the first
export of the current model, the program automatically displays a dialog window for entering the new name and
selecting the folder, where the file will be saved. The new file name will be used in the following calculations to
measurement uncertainty budgets until the model is closed. At the next opening of the model, the program
automatically shows the window for entering the name of the export file.

In the program Preferences and Properties dialog windows are available additional setting options for exporting
the results in the same import file, for automatic export after any calculation of measurement uncertainty and
automatic opening the generated file for further editing.

Switching on the automatic export is displayed in the status line of the program.

— RMSys
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15. Determination of Uncertainties in Flow Measurement in Open Channels

The edition QMSys GUM Enterprise is designed for the assessment of uncertainty in flow measurements made
using the velocity-area method and computed by the mid-section and mean-section method described in the
standards ISO 748:2007 and ISO 1088:2007.

The software offers the following methods for estimating the sources of uncertainty:
e ISO 748, ISO 1088 method
e FLow Analog UnceRtainty Estimation (FLAURE) method
e Q+ method
e Interpolation Variance Estimator (IVE) method

Several methods for determination of the mean velocity in a vertical are included:
e Reduced point method
e Velocity distribution method
e Integration method
e Surface one-point method

The table below lists the possible combinations:

Method for estimating the sources of uncertainty ISO | FLAURE | Q+ | IVE
Methods for discharge calculation

- Mid-section method X X X X
- Mean-section method X X X
Methods for determination of the mean velocity

- Reduced point method X X X X
- Velocity distribution method X X X X
- Integration method X X X X
- Surface one-point method X

Basic quantities (sources of uncertainty) with automatic calculation of the measurement uncertainty for the
respective evaluation methods:

and measurement software

Des. | Name ISO | FLAURE | Q+ | IVE

B Uncertainty in the measurement of distance from initial point X X X X

D Uncertainty in the measurement of depth in the verticals X X X X

Vv Uncertainty in the measurement of velocity in the verticals X

Vp Uncertainty of mean velocity due to limited number of points X X X X
in the vertical

Ve Uncertainty in point velocity measurement due to current- X X X
meter rating error

Ve Uncertainty in point velocity measurement due to limited X X X
exposure time

Dm Uncertainty of depth due to limited number of verticals X
(transversal integration)

Vm Uncertainty of mean velocity due to limited number of verticals X
(transversal integration)

Qm Uncertainty of discharge due to limited number of verticals X X

— RMSys
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When selecting the type of Measurement of flow in open channels, the software shows the following additional
windows:

e Additional settings for automated calculation of uncertainty components, depending on the selected
evaluation method

GUF | N MM Adaptive [ros ] [10000
Main data Selecting methods =
Description Method for estimating the uncertainty sources ‘ 150 748, 150 1088 method vl
Model Method for discharge computation ‘ Mid-section method vl
Method for determination of the mean velodty | Reduced point method iV
Add, settings
Ci ion of the mean velocity
Observations ‘
Mumber of points | Formula for calculating the average velocity
Correlations ‘ 1 A
2 vavg = 0.5(vo.z +vag)
Exp. analysis 3 vavG = 0.25vg,z +0.5vg g +0.25vp g v
4 vava = (voz +vo4 +vor +vosld
5 vaye = 0.1vgupr, +0.3vp,2 +0.3vp,s +0.2vpe + 0. Ivpen
m GUF & VAVG JAvsyrr, +0.2vp2 +0.2vp 4 +0.2vp e + 0.2vp,s + 0. 1veep v
k Charts Input quantities for the measured values
m Measured distance from initial point | Bjn] v
Measured depth in a vertical | D[n] v
Discharge Mean velodty in a vertical | Vo] v
“ Documentation Limit for relative discharge in the segments 10| %
° Summary Settings for automatic evaluation of the uncertainty of input quantities
Uncertainty in the measurement of distance from initial point Quantity | Bjn] Ao
m =g | Measured width to ind. Stand. uncertainty
= m % Om
0.15
: 0.2
m 0.25
Uncertainty in the measurement of depth in the verticals Quantity | D[n] -
S | Measured depth to ind. Stand. uncertainty
m @ = m ®%  Om
k = 1.5
=
] 0.5
S :
ﬁ Uncertainty of mean velocity due to limited number of points in the vertical Quantity | Von] v
=
m a Mumber of points Stand. uncertainty
m - @ Omfs
=
Q 72} 7.7 v
=
E (%3 C:\QMSys GUM\QGUM Enterprise 5. 1\Examples'\Basic models for flow measurements{ISO - Mid-section - Reduced point method.gmf |SI | ‘ [u] ::f GB
o) e Observations / Discharge for entering the measurements of width, depth, and point velocity in each
S vertical
0 R

Mame: |
Method: ] GUF [ | [Imcm Adaptive
Main data ischarge
Description Entering (%) measured point velocities  (©) mean velodities in the verticals
Model [] automatically fill the point depths according to 150 748, IS0 1088
Observations
Add, settings Vertical Ma. Distance from Total depth Corr. coef. Number of Depth at point Exposure time | Point velocity on the ~
initial point points verticals
Observations = ’—2g| b m m relative | m 5 mfs
Correlations | LB L 0 L L L 0 L 0
1 4 0.24 1 1 0.6 0.144 40 0.254
Exp. analysis | 2 7 0.38 1 1 0.6 0.228 40 0.328
3 10 0.52 1 1 0.6 0.312 40 0.254
m 4 13 0.84 1 1 0.6 0.504 40 0.402
GUF 5 16 0.88 1 1 06 0.528 a0 0.461
6 19 0.78 1 1 0.6 0.468 40 0.502
Charts 7 2 0.74 1 1 0.6 0.4% 0 0.561
8 25 0.74 1 1 0.6 0.444 0 0.595
9 28 0.98 1 1 0.6 0.588 40 0.583
Discharge 10 30 1.1 1 1 0.5 0.66 ) 0.608
Documentation 11 32 114 1 1 0.6 0.684 40 0.572
12 34 1.3 1 1 0.6 0.78 40 0.592
Summary 13 3% L4 1 1 0.6 0.888 40 0.607
14 3B 16 1 2 0.2 0.32 40 0.634
0.8 1.28 40 0.546
15 38.5 174 1 2 0.2 0.348 40 0.648
0.8 1.392 40 0.504
16 41 Lz 1 2 0.2 0.36 40 0.655
0.8 1.44 40 0.533
17 42.5 19 1 2 0.2 0.38 40 0.611
0.8 1.52 40 0.515
18 44 2.02 1 2 0.2 0.404 40 0.588
& 0.8 1616 40 0.45
B 1 4.5 2.08 1 2 0.2 0.416 o 0.5%
E 0.8 1.664 40 0.459
u=.| 20 47 2.1 1 2 0.2 0.42 40 0.555
% 08 168 0 0.479
[T] 21 43.5 2.1 1 2 0.2 0.42 40 0.495 hd
IE Empty ” Import ” Paste
5‘ C:\QMSys GUMQGUM Enterprise 5. 1\Examples\Basic models for flow measurements{150 - Mid-section - Reduced point method.gmf |SI ‘ | =] :::: GB
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e Discharge - a summary of the results is presented in this window

e  Documentation - in this window are entered data about the location and measurement conditions

Method: -~ GUF | NL McM Adaptive [1o5 ] [10000 +]
Main data Segment data
Description Vertical No. Segment width | Total depth | MNumber of points | Mean velocity | Segmentarea | Segmentdischarge | Relative discharge Bar chart (10 %) ~
m m mfs m2 m3fs Uy
Mode!
Add. settings 1 3.5 0.24 1 0.25¢ 0.84 0.2134 0.64
2 3 0.38 1 0.328 114 0.3739 112
Ohservations |
3 3 0.52 1 0.254 156 0.3562 1.19
Correlations | 4 3 0.54 1 0,402 2,52 1,013 3.04
5 3 0.88 1 0,461 2.64 1217 3.65
Exp. analysis | 13 3 0.78 1 0.502 2.34 1.1747 3.53
7 3 0.74 1 0.561 222 1.2454 3.74
m 8 3 0.74 1 0.595 2.22 1.3209 3.96
GUF 9 25 0.98 1 0.583 2.45 1.4284 4.29
10 2 1.1 1 0.608 2.2 1.3376 4.01
Charts 11 2 114 1 0.572 2.25 13042 351
12 2 1.3 1 0.592 2.6 1.5392 4.62
. 13 2 148 1 0.607 2.95 1.7967 5.39
L 14 L75 16 2 0.5% 28 L652 456
Documentation 15 1.5 1.74 2 0.578 2.61 1.5034 4.51
m 16 1.5 18 2 0.554 2.7 1.6038 4.81
k Summary 7 15 19 2 0.563 2.85 L6045 4.82
18 1.5 2.02 2 0.519 3.03 1.5726 472
m 19 1.5 2.08 2 0.5175 3.12 1.6146 4.85
§ 20 15 21 2 0.517 3.15 1.6286 4.89
21 1.5 2.1 2 0.4475 3.15 1.4096 423
t 22 1.5 2.2 2 0.3915 3.3 1.292 3.88
23 1.5 218 2 0.4285 3.27 14012 4.21
° 24 1.5 2.02 2 0.4335 3.03 1.3135 3.94
m 25 1.5 1.96 2 0.363 2.94 1.0672 3.20 w
Summary of flow parameters
) 2 Measured total discharge 333181 m¥s | Water surface width 0 m
: § Number of verticals (velocity > 0) 27 Maximum depth 22 m
E Average velocity of stream 0.4737 mfs Area of cross-section of stream 70.34 m?
m '“:' Max. measured velodity (16; 0.2) 0,655 m/fs Average depth (areafwidth) 1.1723 m
5 Result
g Method Discharge Expanded uncertainty Expanded rel. uncertainty Coverage factor (Probability) Distribution
m & GUF 33.3m¥s £1,5ms £4,5% 2,00 (95,45 %) HNormal
k 8’ C:\QMSys GUM\QGUM Enterprise 5. 1\Examples\Basic models for flow measurements\ISO - Mid-section - Reduced point method.gmf ‘SI | ‘ &) :::; GB
3
Q

Method: - GUF | | NL McM Adaptive [tos ] [10 000
Main data anaﬁnnl | Station No. ‘ |
Description River fx:hannell | Name‘ |
Mode! Date Local start time Operators
Add. settings Local end time
Observations | Current-meter type
Model
Correlations |
Serial number
Exp. analysis
Bed material | Bank roughness
Bed furml | Sediment transport
Bed roughnessl | Water temperature
GUF
Charts Weather conditions:
Air bemperamrel | Wind speed‘ |
Atmospheric pressurel | Wind d\recﬁun‘ |
Discharge
Other conditions
Documentation
Summary
@
@
=
=
=
@
=
=
w
=
3
a
w
=
2]
=
[ C:\QMSys GUMQGUM Enterprise 5. 1\Examples\Basic models for flow measurements\[SO - Mid-section - Reduced point method.gmf |SI ‘
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15.1. Development of the Models for Flow Measurements

In the software folder Examples subfolder Basic models for flow measurements are located the model files for
the most used evaluation methods for mean velocity, discharge, and measurement uncertainty. These models
include all basic quantities for the respective uncertainty evaluation method and can be extended with quantities
for additional uncertainty sources.

In the models is defined a dynamic index for the number of verticals by entering only the index designation. The
dynamic index allows using the same file for measurements with different number of verticals — after entering or
importing the measurements the software automatically updates the index n.

IS Model Edit Functions Help - B X
R AR N e BRSPS RN
Name:‘
Method: [/] GUF  [JmL | [JmMcm Adaptive 1.08
Main data Ed > |Ar\a| v” ot ‘ BJU| A-xx |9 g
ndoxn = =

Model

Q = SUM( (ABS(Bin+1 - Bn-1)/2) * Din * Vi) + Qm + Qs

Vi = Vi + Ve + Ve
Observations hd
: gl + alb Mame |Llncerta\nty' due to variable responsiveness of the measurement instruments
itm3, 3
Quantity ferz)) Type |Type B v‘ Unlt‘m = V| Uncert, unit m*fs
Bxp. znalysis |1 q Uncertainty estmate [Stand. uncertainty v 25% ® 97.5%
B
Budget Djn]] Distribution () Mormal O tdistribution
2 n
3 Value 0|m3s
GUF Vin]
Q@ Rel. standard uncertainty 1w el) v
o Degess of et B
Viin] Coverage probability 95.00 %
Disch Vein] Coverage factor 1.96
ischarge N
Veln] Stand. uncertainty 0.333 m¥s
Docunentaion Bascqunty[ ¥]

All quantities with additional settings for automated uncertainty evaluation are of type B — Standard uncertainty
in absolute units. An exception makes only the quantity Q» for the discharge uncertainty due to the limited
number of verticals, that is of the type B — Standard uncertainty in absolute unit or in %, calculated based on the
computed discharge Q.

and measurement software
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Mame [Measured depth in the vertical
Type [Type B J Unit{m hd Uncert. unit |m w
Uncertainty estimate ’ﬁuncertﬂinw—v| T{a |§|
Distribution (%) Normal () t-distribution Quantity ‘ Value Stand. uncertainty ‘
Degrees of freedom @ 4 w
Coverage probability 95.00 % Dig 0 o
Coverage factor 1.96 Dy 0.24 0.0035
Viin] I Stand. uncertainty in |m L |I gl 0.38 0.0013
Vir] £l 0.52 0.0025
V) Dy 0.84 0.0042
Ds 0.88 0.0044
m (@] 2] - ab Name |Uncertainty due to the limited number of verticals
Quantity arn || | Tvee(Typet v] Unit[m/s | Uncert. unit|m3/s |
Q Uncertainty esﬁmatelstand. uncertainty v | 2.5%
[B):]] Distribution {*) Normal () t-distribution
Vi Value 0/m¥s
E I Rel. standard uncertainty L6 |‘3"n (rel.) v |
Q: Degrees of freedom o
Viln] Coverage probability 95.00 %
/ Vn] Coverage factor 1986
Veln] Stand. uncertainty 0.533 m3fs
I Basic quantity | Q L I
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Quantity @s for the discharge uncertainty, due to variable responsiveness of the current-meter, width
measurement instrument and depth sounding instrument, is defined as normal quantity type B — Standard
uncertainty in %, calculated based on the discharge Q.

The software allows the defining of supplementary system of units for all units, used in the model equations. The
supplementary system is saved in the model file, and the user can with simple click switch between the systems.

System of measurement units

Designation of the basic system of units |51

Designation of supplementary system of units |JSCS

51 USCS Coeffident Convert
ft 0.3048 | 1ft =0.3048 m
m/fs ftf= 0.3048  1ftfs = 0.3048 m/s
m3s ft3s 0.028316847 | 1ft¥fs = 0.028315847 m3/s

The basic system of units of the developed models is SI, additionally are developed two models for ISO and IVE
- Mid-section - Reduced point methods with USCS (English) basic system of units.

15.2. Basic Models for Flow Measurements

Basic models for ISO method and FLAURE method
e Mid-section method
index n
Q = SUM((ABS(Brn+11 - Bn-11)/2) * Din] * Ving) + Qm + Qs
Vin] = Vpin] + Veing + Veln)
e Mean-section method
index n
Q =SUM(ABS(Bin+1] - Brn1) * ((Dm+11 + Drn1)/2) * ((Vin+1] + Vin1)/2)) + Qm + Qs
Vin] = Vpin] + Veing + Veln)

Basic models for Q+ method
e Mid-section method
index n
Q = SUM((ABS(Bin+11 - Bn-11)/2) * (D] 4+ Dmn1) * Vinl) + Qs
Vinl = Vpin] + Veing + Vel + Vming
e Mean-section method
index n
Q =SUM(ABS(Bn+1 - Brn1) * ((Dn+1] + Dmin+11 + D] + Dmpn1)/2) * ((Vin+11 + Ving)/2)) + Qs
Vin] = Vpin) + Ven] + Vein] + Vimpn

and measurement software

Basic model for IVE method
e Mid-section method
index n
Q = SUM((ABS(Bin+11 - Bin-17)/2) * Ding * Vin1) + Qs
* Mid-section method, including uncertainty of mean velocity due to limited number of points in the vertical
index n
Q = SUM((ABS(Bn+11 - Brn-11)/2) * Dinp * (Vin] + Vpinl) + Qs

— RMSys
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15.3. Additional Settings

This window is divided into the following areas:

e Selecting the methods for estimating the uncertainty sources, discharge computation and determination
of the mean velocity in the verticals. When Reduced point method is selected, the software displays
additionally a table of the computational rules according to ISO 1088:2007, with possibility to select the
appropriate formula for 1, 3 and 6 points.

Selecting methods
Method for estimating the uncertainty sources
Method for discharge computation
Method for determination of the mean velodity

IS0 748, ISO 1088 method

Mid-section method

Reduced point method

Calculation of the mean velocity
Number of points | Formula for calculating the average velocity

1 VAVG = ¥0.6 b
2 vave = 0.5(vp,2 +vp,g)
3 vaye = 0.25vp 2 +0.5vpe +0.25vp g W
4 vave = (vo.z +vos +vor +vog/d
5 vavs = 0. lvsyrp, +0.3vp,2 + 0.3vp,s +0.2vps + 0. lvpen
& vave = 0. Iveyrr, +0.2vgz + 0.2vpa +0.2vpe +0.2vpg + 0. Ivgep W

Input quantities for measured distance, depth and velocity, and limit for the relative discharge in the

segments

Input gquantities for the measured values

Measured distance from initial point | Bfn] ¥
Measured depthin a vertical | Dfn] v
Mean velodty in a vertical | Yp[n] ¥

Limit for relative discharge in the segments ﬂ %

e Settings for automatic uncertainty evaluation of the basic input quantities depending on the selected
method — for each uncertainty source is selected the respective input quantity, and the uncertainty values

are entered.

15.3.1. Settings for ISO Method

> Uncertainty in the measurement of distance from initial point

Absolute or relative standard uncertainty is entered in the table for particular range of width. Inserting new rows
or deleting existing rows is done with buttons in front of the table. In the table for the standard uncertainty,
instead of a number can be entered a formula with the measured width B as a parameter.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of

uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity. For values above the maximum range is taken the uncertainty of the

last row.

Uncertainty in the measurement of distance from initial point

Settings for automatic evaluation of the uncertainty of input guantities

Quantity | Bln] w

Sy | Measured width to ind. Stand. uncertainty
= m ®% Om
- =
5 0.1
150 0.2
200 0.25
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> Uncertainty in the measurement of depth in the verticals

Absolute or relative standard uncertainty is entered in the table for particular range of depth. Inserting new rows
or deleting existing rows is done with buttons in front of the table. In the table for the standard uncertainty,
instead of a number can be entered a formula with the measured depth D as a parameter.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity. For values above the maximum range is taken the uncertainty of the
last row.

Settings for automatic evaluation of the uncertainty of input quantities
Uncertainty in the measurement of distance from initial point Quantity | Bln) W
Sy’ | Measured width to ind. Stand. uncertainty
= m @  Om
- =
vt 0.15
150 0.2
200 0.25
Uncertainty in the measurement of depth in the verticals Quantity | Dn] w
= | Measured depth to ind. Stand. uncertainty
= m ®%  Om
==
v L5
1 0.5

> Uncertainty of mean velocity due to limited number of points in the vertical

Reduced point method - absolute or relative standard uncertainty is entered in the table for the number of points
in the vertical.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity.

and measurement software

Uncertainty of mean velocity due to limited number of points in the vertical Quantity | VYipln] ~ |
Mumber of points Stand. uncertainty
®% Onmfs

I 77
2 4
3 4.3
4 2.4
5 2.2
3] 3

Velocity distribution method — the software offers options for automatic calculation, based on the measurement
data by using the method in [3] or entering absolute or relative standard uncertainty for the number of points in

the vertical.
m In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.
m During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity.
Uncertainty of mean velocity due to limited number of points in the vertical Quantity | Vpln] ~ |
(#) Caloulation based on measurement data (O Table
Uncertainty of mean velodty due to limited number of points in the vertical Quantity | VYpln] A |
() Calculation based on measurement data (%) Table
Mumber of points Stand. uncertainty
®% Onmfs
m 2
/ 3 5
4 3.5
5 3
‘ [ 2.5
7 2
3 1.5
9 1
10 0.5
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Integration method and Surface one-point method - absolute or relative standard uncertainty is entered in the
field.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity.

Uncertainty of mean velodty due to limited number of points in the vertical Quantity | Vgln] A |
Uncertainty 0.5/® % Omfs

Uncertainty of mean velodty due to limited number of points in the vertical Quantity | Vpln] v |
Uncertainty 15/® = Omfs

» Uncertainty in point velocity measurement due to current-meter rating error

Absolute or relative standard uncertainty is entered in the table for particular range of velocity. Inserting new
rows or deleting existing rows is done with buttons in front of the table. In the table for the standard uncertainty,
instead of a number can be entered a formula with the measured velocity V as a parameter.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
is associated to the selected input quantity. For values above the maximum range is taken the uncertainty of the
last row.

Uncertainty in point velocity measurement due to current-meter rating error Quantity | Veln] w |
Sy | Measured velodity to ind. Stand. uncertainty
= m/s ®% Oms
s =
e 10
0.1 2.5
0.12 1.25
0.25 1
0.5 0.5

> Uncertainty in point velocity measurement due to limited exposure time

and measurement software

Absolute or relative standard uncertainty is entered in the table for particular range of velocity, exposure time
and depth. Inserting new rows or deleting existing rows is done with buttons in front of the table.

In the list box, the model quantity of type B — Standard uncertainty is selected, associated with this source of
uncertainty.

During the calculation for the particular vertical, the relative uncertainty is converted to absolute uncertainty and
associates to the selected input quantity. For values above the maximum range is taken the uncertainty of the
last row. When activating the interpolation option, the uncertainty value is interpolated linearly for the specific
velocity and exposure time.

Uncertainty in point velodty measurement due to limited exposure time Quantity | Veln] A | Interpolation
S Measured velodty to ind. Depth at point < 0.8D Depth at point >= 0.8D
= m/s Exposure time Exposure time
e s ;
&0 120 130 30 &0 120 180
Stand. uncertainty Stand. uncertainty
®% Omps ®% Omps
20 15 10 40 30 25 20
0.1 14 11 3 7 17 14 10 3
0.2 3 ] 5 4 9 7 5 4
0.3 5 4 3 3 5 4 3 3
0.4 4 3 3 3 4 3 3 3
0.5 4 3 3 2 4 3 3 2

— RMSys
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> Uncertainty of discharge due to limited number of verticals

Relative standard uncertainty in % is entered in the table for particular range of number of verticals. Inserting
new rows or deleting existing rows is done with buttons in front of the table. In the table for the standard
uncertainty, instead of a number can be entered a formula with the number of verticals /m as a parameter.

In the list box, the model quantity of type B — Standard uncertainty in % is selected, associated with this source
of uncertainty.

During the calculation for the particular vertical the relative uncertainty is converted to absolute uncertainty and
is associated with the selected input quantity. For values above the maximum range is taken the uncertainty of
the last row. When activating the interpolation option, the uncertainty value is interpolated linearly for the specific
number of verticals.

Uncertainty of discharge due to limited number of verticals Quantity | Qm hd | Interpolation
= | Number of verticals Stand. uncertainty

= oy,

2 7.5
10 4.5
15 3
20 25
25 2
30 1.5
35 1

15.3.2. Settings for FLAURE Method

Settings for following sources are identical with the ISO method:

e Uncertainty in the measurement of distance from initial point
Uncertainty in the measurement of depth in the verticals
Uncertainty of mean velocity due to limited number of points in the vertical
Uncertainty in point velocity measurement due to current-meter rating error
Uncertainty in point velocity measurement due to limited exposure time

> Uncertainty of discharge due to limited number of verticals

The software calculates the sampling quality index (SQI) and then the relative standard uncertainty in % by using
following equation:

and measurement software

Un% = A*SQIN2 + Ar*SQI + Ao

In the settings are entered the equation coefficients, and in the list-box is selected the model quantity of type B

— Standard uncertainty in %, associated with this source of uncertainty.

Uncertainty of discharge due to limited number of verticals Quantity | Om hd |
A2 | 59 a1 214) Ao 0.3

15.3.3. Settings for Q+ Method

Settings for the following sources are identical with the ISO method:

e Uncertainty in the measurement of distance from initial point
Uncertainty in the measurement of depth in the verticals
Uncertainty of mean velocity due to limited number of points in the vertical
Uncertainty in point velocity measurement due to current-meter rating error
Uncertainty in point velocity measurement due to limited exposure time

For uncertainties of depth and mean velocity due to limited number of verticals (transversal integration) are
selected in the list boxes the model quantities of type B — Standard uncertainty, associated with these sources of
uncertainty. Uncertainty is calculated from the measurement data by using the formulas in [3].
Uncertainty of depth due to limited number of verticals Quantity | Dmin] b | =

Uncertainty of mean velodty due to limited number of verticals Quantity | Yaln] hd | =

* Uncertainty is calculated from the measurement data

— RMSys
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15.3.4. Settings for IVE Method

The settings for uncertainty of distance from initial point and uncertainty of mean velocity due to limited number
of points are identical with the ISO method.

For uncertainties in the measurement of depth and velocity in the verticals are selected in the list boxes the model
quantities of type B — Standard uncertainty, associated with these sources of uncertainty. Uncertainty is calculated
from the measurement data by using the formulas in [3].

Uncertainty in the measurement of depth in the verticals Quantity | Din] ~ | 3
Uncertainty in the measurement of velodty in the verticals Quantity | Vin] ~ | 3
Uncertainty of mean velocity due to limited number of points in the vertical Quantity | ~ |

* Uncertainty is calculated from the measurement data

15.4. Discharge Measurements

In the window Observations / Discharge are entered or imported the measurements of width, depth and point
velocity in each vertical. Depending on the selected method for determination of the mean velocity, the software
opens the corresponding table for entering the measurements:

> Reduced point method

The software offers additional options for entering point or mean velocity, and automatic filling the point depth
according to ISO 748, ISO 1088.

The number of verticals is entered in the header cell of the first column. After entering the number of points in
the vertical, the software generates the corresponding number of rows to input point depth, exposure time and
point velocity.

E Model Functions Help

B AL ¥ Fints

Name: | Type |Measurement of flow in open channels
Method: (F]GUF [N | [Jmcu Adaptive
Main data Discharge
Description Entering (%) measured point velodties () mean velodties in the verticals
Model [] automatically fill the point depths according to IS0 748, 1SO 1088
Observations
Add. settings Vertical Mo, | Distance from | Total depth | Corr. coef. | Mumber of Depth at point Exposure | Point velodty on ~
initial point points time the verticals
Observations = gk m m relative | m 5 mfs
0 0 0 0 0 0 0 0
1 4 0.24 1 1 0.6 0,144 40 0.254
2 7 0.38 1 1 0.6 0,228 40 0.328
3 10 0.52 1 1 0.6 0.312 40 0.254
Budget 4 13 0.84 1 1 0.6 0.504 40 0.402
GUF 5 16 0.88 1 1 0.6 0.528 40 0.461
] 19 0.73 1 1 0.6 0,463 40 0.502
Charts 7 7 0.74 1 1 0.6 0.444 40 0.561
8 25 0.74 1 1 0.6 0.444 40 0.595
9 28 0.98 1 1 0.6 0,588 40 0.583
Discharge 10 30 1.1 1 1 0.6 0.66 20 0.608
Docurnentation 11 32 114 1 1 0.6 0.684 40 0.572
12 34 1.3 1 1 0.6 0.73 40 0.592
Summary 13 36 148 1 1 0.6 0.838 40 0.607
14 38 1.6 1 2 0.2 0.32 40 0.634
0.8 1.28 40 0.546
15 39.5 1.74 1 2 0.2 0.348 40 0.648
0.3 1.392 40 0.504
a 16 41 1.8 1 2 0.2 0.36 40 0.655
£ 0.8 1.44 40 0.533
:IE 17 42.5 19 1 2 0.2 0.38 40 0.611
S 0.8 1.52 40 0.515
% 18 44 202 1 2 0.2 0.404 40 0.588
o 0.8 1616 40 0,45 M
L% Empty ] [ Import ] [ Paste
8 C:\QMSys GUMYQGUM Enterprise 4. 12\Basic models for flow measurements\ISO - Mid-section - Reduced point method.gmf |SI | | @ : : GB

e With the Empty button are deleted the current discharge measurements and calculated uncertainty
estimations of the basic quantities.
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>

e The Import button opens a dialog window for selecting the data file. Currently the software supports
Aquacalc (CSV), Flow Tracker 1 (DIS), Flow Tracker 2 (CSV), OTT-ADC (TXT) and OTT-MFPro (TSV) data
formats. In the software folder Examples subfolder Examples for import of flow measurements are
presented practical examples of importing data files into models for the four methods of uncertainty
estimation.

e With the Paste button are imported discharge measurements from the clipboard, the file Examples of
flow measurements.xlsx contains practical examples of the data formats that can be imported from the
clipboard.

Velocity distribution method

The software offers the following additional options:

B

e entering the depth at the measurement points from the surface or from the bottom
e entering the coefficient for calculating the mean velocity between the bottom and the nearest measured
point velocity - the coefficient value is in the interval [0.5; 1], default value is 0.88
Model Functions Help

AN K Wastal Mok Pl NCR

Mame: | Type |Measurement of flow in open channels 4
Method: [ GUF  [InL | [Jmcm Adaptive 10 000 219.8
Main data Discharge
Description Entering the depth at the measurement points () from the surface (2 from the bottom
Model Coeffident for calculating the mean velodty between the bottom and the nearest measured point velodty
Add. settings Observations
Vertical Mo. | Distance from | Total depth | Corr. coef, | Mumber of Depth at point Exposure | Point velodty on ~
Observations initial point points time the verticals
= gk m m relative | m 5 mfs
4 0 0 0 0 0 0 0
Exp. analysis 2 10.5 1.33 1 1 0.0008 0.001 ) 0.001
3 15.5 1.55 1 1 a a &0 ]
Budget 4 213 3.25 1 4 0.4 13 50 0.2
0.6 1.95 a0 0.32
GUF 0.8 26 50 0.17
Charts 0.9385 3.05 &0 0.34
5 27 243 1 [ 0.1 0.243 a0 0.32
0.2 0,456 &0 0.47
Discharge 0.4 0.992 ) 0.7
R 0.6 1.488 &0 0.97
Documentation
0.8 1.984 &0 1.08

QMSys GUM Enterprise

[ 32 5 1 [ 0.1 0.5 &0 0.6
0.2 1 &0 0.97
0.4 2 a0 1.48
0.6 3 &0 1.86
0.8 4 &0 2.4
0.96 4.8 a0 2.24

7 37 7 1 [ 0.1 0.7 &0 0.97
0.2 1.4 &0 1.46 W

[ Empty ] [ Import ] [ Paste ]
C:\QMSys GUMQGUM Enterprise 4. 12\Basic models for flow measurements\ISO - Mid-section - Velodty distribution method.gmf |SI | | = |:: : GB
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When Q+ method is selected, the software displays additional option for calculating or inserting the angle of
transverse slope of the bottom:

Mame: | .
Method: [#] GUF [ ML [ mcm Adaptive
Main data Discharge
Description Entering the depth at the measurement points () from the surface (%) from the bottom
Model Coeffident for calculating the mean velodty between the bottom and the nearest measured point velodty
Add. settings Angle of transverse slope of the bottom (3) calculated mean angle ) insert 8.67|Deg
Observations
Observations Vert - - B -
ertical Mo. | Distance from | Total depth | Corr. coef. | Number of Depth at point Exposure | Point velodty on ~
- initial point points time the verticals
= L] m m relative | m s mfs
Exp. analysis 4 0 0 0 0 0 0 0
2 10.5 1.33 1 1 0.0008 0.001 &0 0.001
Budget 3 15.5 1.55 1 1 0 0 80 0
4 21.3 3.25 1 4 0.4 1.3 a0 0.26
GUF
0.6 1.95 a0 0.32
Charts 0.8 2.6 &0 0.17
0.9385 3.05 a0 0.34
L 5 27 243 1 [ 0.1 0.243 a0 0.32
Discharge 0.2 0.496 &0 0.47
Documentation 0.4 0.892 50 0.7
) 0.6 1.438 &0 0.97
0 N o194 22 A 115 ¥
E. [ Empty ” Import ” Paste ]
=
[=4 C:\OMSys GUMQGUM Enterprise 4. 12\Basic models for flow measurements\Qplus - Mid-section - Velodty distribution method. gmf |SI | | @ :; :; GB

» Integration method

The software displays two fields for entering the depth of the unmeasured zones over the bed and below the
surface. The mean velocity in the vertical is recalculated taking into account the unmetered zones according to
ISO 748, chapter 7.1.5.4.

A

S

and measurement software

Name: | Type |Measurement of flow in open channels w
Method: /] GUF [In. | [Jmcm Adaptive 219.8

Main data

Discharge
Description Depth of the unmeasured zone over the bed 0.01|m
Model Depth of the unmeasured zone below the surface 0.01|m
. Observations
Add. settings Vertical Mo. | Distance from | Total depth | Corr. coef. Exposure Mean -
Observati initial point time velodty
servations = o m m s o
1 4 0.24 1 40 0.236
Exp. analysis 2 7 0.38 1 20 0.313
3 10 0.52 1 40 0.245
Budget 4 13 0.84 1 P 0.394
GUF 5 16 0.88 1 40 0.452
Charts ] 19 0.78 1 40 0.491
7 22 0.74 1 40 0.548
8 25 0.74 1 40 0.581
X 9 28 0.98 1 40 0.573
Discharge
10 30 11 1 40 0.5593
Documentation 11 32 1.14 1 40 0.563
i 13 % 148 1 %0 0.6
E 14 38 16 1 40 0.584
ﬁ 15 39.5 1.74 1 40 0.57
=
a 16 41 1.8 1 40 0.588 v
/ L;::. [ Empty ] [ Import ] [ Paste ]
b3
(=4 C:\OMSys GUMYQGUM Enterprise 4. 12\Basic models for flow measurements\ISO - Mid-section - Integration method.gmf |SI | | ] : : GB

88



GUM Enterprise / Professional / Calculator / Excel Add-In )

» Surface one-point method

The coefficient for calculating the mean velocity is entered between 0,84 and 0,90 depending upon the shape of
the velocity profile, default value is 0.88

E Model Functions Help

Name: | Type |Measurement of flow in open channels e
Method: [#] GUF [ NL [Imecm Adaptive 1.08 10 000 219.8
Main data | Discharge |
Description Coefficent for calculating the mean velodty
Model Observations
- Vertical Mo. | Distance from | Total depth | Corr. coef. Exposure | Point velodty on A
Add. settings initial point time the verticals
— '3 L] ! s mfs
Observations
2 7 0.38 1 40 0.373
Exp. analysis 3 10 0.52 1 40 0.289
m 4 13 0.34 1 40 0.457
g Budget 5 16 0.8 1 %0 0.524
m GUF 5 19 0.78 1 40 0.57
7 22 0.74 1 40 0.633
Charts
3 25 0.74 1 40 0.675
\ - 9 23 0,98 1 40 0,663
SN — 10 30 11 1 40 0.691
° scharge 11 32 1.14 1 40 0.585
m Documentation 12 34 1.3 1 40 0.673
= 13 36 148 1 40 0.89
b~ " ] e «
[
: = 15 39.5 1.74 1 40 0.655
Q - 16 41 1.8 1 40 0.675
E 5 17 42,5 19 1 4 0.64 v
L]
Q ) Bmpty [ import ][ Paste
7]
=
S (=4 C:\QMSys GUMYQGUM Enterprise 4. 12\Basic models for flow measurements\ISO - Mid-section - Surface one-point method.gmf |SI | | @ : : GB
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15.5. Discharge Results
The window Discharge presents a summary of the results:

Segment data - the table displays for each segment the vertical number, segment width, total depth, humber of
points, mean velocity, segment area, segment discharge and relative discharge in %. In the bar chart diagram
the segments with relative discharge above the allowable limit are plotted in red.

Summary of flow parameters — software calculates additionally the measured total discharge, number of verticals
with velocity > 0, average velocity of stream, maximum measured velocity, water surface width, maximum depth,
area of cross-section of stream and average depth (area/width). For the maximum measured velocity, in brackets
are displayed the vertical number and the point depth.

Result — includes discharge, expanded uncertainty, expanded relative uncertainty in %, coverage factor and type
of distribution. According to GUM, uncertainties are rounded to the selected number of significant digits and the
discharge value is rounded to be consistent with the expanded uncertainty. The results for each selected

& uncertainty calculation method (GUF, GUF-NL, MCM) are displayed in separate rows.
g E Model Functions Budget Help
Nl
N
0 Method: -~ |GUF | NL MCM Adaptive [tos ] [10000 +]
Main data Segment data
m Description Vertical No. Segment width | Total depth | Mumber of points | Mean velodty | Segmentarea | Segmentdischarge | Relative discharge Bar chart (10 %%) "
e m m mfs me m3fs L
: Model
Add. settings 2 5.75 L33 1 0.001 7.6475 0.0076 0.00
m 5 3 5.4 1.55 1 a 8.37 1] 0.00
Observations |
4 5.75 3.25 4 0.2548 18.6875 4.7607 0.24
E Correlations | 5 5.35 2.48 5 0.7825 13.263 10.382 0.53
m 6 5 5 3 1.5971 25 39.9275 2.05
k Exp. analysis | 7 5 7 & 1.8553 35 64.9351 3.33
8 5 10.47 & 2.4583 52.35 128.6937 6.60
: m El 5 11.32 6 3.322 56.6 188.0271 9.64
m GUF 10 5 1132 & 3.977 56.6 225.0955 11.55
11 5 1122 13 4.1934 56.1 235.2501 12.07
Charts
m 12 5 10.92 & 46099 54.6 251.7024 12.91
m 13 5 10.37 & 4.8428 51.85 251.0979 12.88
i 14 5 10.52 & 3.9868 52.6 209.7042 10.76
E BT 15 5 10.17 3 3,363 50,85 170.1575 8.73
Documentation 16 5 7.67 13 2.6203 38.35 100.4891 5.15
17 4.5 486 & 1.973 21.87 43.1506 221
b Summary 18 3 5 6 0.9101 15 13.6518 0.70
: 19 3 3.25 & 0.8183 8.75 7.978 0.41
20 7.25 3.5 & 0.1838 25.375 4.664 0.24
m 21 9 1.25 0 0 11.25 1] 0.00 N
22 0 0 ] ] ] 0 0.00 . w
X Summary of flow parameters
_; Measured total discharge 19496746 m¥js Water surface width 11l m
lé Mumber of verticals (velodity = 0) 18 Maximum depth 11.32 m
-g Average velodty of stream 2,3431 mfs Area of coss-section of stream 661,118 m?
E Max. measured velocity (13; 0.8) 5.41 mfs Average depth (area/width) 5.956 m
5 Result
E Method Discharge Expanded uncertainty Expanded rel. uncertainty Coverage factor (Probability) Distribution
& GUF 1950 mfs + 100 m¥s £51% 2,00 (95,95 %) Normal
8’ C:\QMSys GUMYQGUM Enterprise 5. 1\Examples'Basic models for flow measurementsIS0 - Mid-section - Velocity distribution methed.gmf ‘SI | ‘ &) |:::; GB
-

Each part of the discharge overview can be copied to the clipboard and imported into other applications.
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15.6. Printing and Export

Printing of Measurement Uncertainty Report

Printout in the program is made by configurable templates in RTF format (*.RTF) with coded
fields. The user can provide or adapt the report by using the coding of the fields from the
standard report. The sequence of the individual fields or tables can be changed. The RTF
Template can contain additional texts and pictures (Company Logo).

When generating a report, the software automatically selects the corresponding standard
template, if there are no custom templates selected. If custom templates are set, the software
selects the default custom template. Additional custom templates are selected for printing with
the arrow on the Print button or over the Function/Print menu.

Generated reports can be

91

& printed, saved in a file with a selectable name or sent by email.
§ FLOW GUF.rif... ,O Stefan Golemanov  5G
t File Home Insert Draw Design Layout References Mailings Review View Developer Help Acrobat - fEditing MR
= 3| o]
0 2 | § st o & |8 & g &
m Paste © Editing | Create and Share Request Dictate Editor Set Proofing Tables
| v % - Adobe PDF Signatures Language Q -
: Clipboard & (] Adobe Acrobat Voice Editor |Reuse Files Tools ~
m L P 1 1 I‘E'I 1 1 2 1 3 1 4 1 5 1 & [N N - SR TR ST B L RO & ) c12 0 13 14 e g 1B 1 16 e 17 - A I
% N 4. Discharge
g - 4.1. Segment data
: s Verical, | Ristanse | Total depth| Number of Mean Segment | Segment Relative Bar chart
N No, from initial points. velocity, area, discharge | discharge
u’ - ___boint
L1y - m m m/s m m % (10 %)
q’ - 1 3.25 0 0 0 0 0 0
E e 2 575 1.33 1 0.001 7.6475 0.0076 0
; 3 54 1.55 1 0 8.37 0 0
b B 4 575 3.25 4 0.2548 18.6875 4.7607 0.24
: - 5 535 2.48 6 0.7825 13.268 10.382 0.53
m 8 5 5 6 1.5971 25 39.9275 2.05
- 7 5 7 6 1.8553 35 64.9351 333
“ 8 5 10.47 6 2.4583 52.35 128.6937 |6.6
N 9 5 11.32 6 3322 56.6 188.0271 |9.64
o 10 5 11.32 6 3977 566 2250955 (1155
N 1 5 11.22 6 41934 56.1 2352501 (12.07
7 12 5 10.92 6 46099 546 251.7024 |12.91
N 13 5 10.37 6 4.8428 51.85 251.0979 (1288
- 14 5 10.52 6 3.9868 526 209.7042 (10.76
. 15 5 10.17 6 3.3463 50.85 170.1575 |8.73
A 16 5 767 6 26203 3835 100.4891 |5.15
m N 17 45 486 6 1.973 2187 431506 221
N 18 3 5 6 0.9101 15 13.6518 0.7
- 19 3 325 6 0.8183 9.75 7.978 0.41
i 20 725 35 6 0.1838 25375 4 664 024
" 21 9 1.25 0 0 11.25 0 0
o 22 0 0 0 0 0 0 0
= + 4.2. Summary of flow parameters
B Measured total discharge 1949.6746 | Water surface widih Mm
- m/s
B Number of verticals (velocity > 0) 18 | Maximum depth 1132 m
. Average ity of stream 29491 | Area of gross-section of stream 661.118 m2
2 m/s
] Max. measured velocity (13; 0.6) 541 mis | Average depth (area‘width) 5.956 m
/ e 4.3. Result
- Method Discharge | Expanded uncertainty Expanded rel. Coverage factor Distribution
5 uncertainty (Probability)
- GUF 1950 md¥/s + 100 m¥/s 51% 2.00 (95,45 %) Normal
5 4.4. Documentation
i ! Location : ! Station No. !
Page70f8 2080words [}  English (United Kingdom)  Text Predictions: On  E@ 1% Accessibility: Unavailable . Focus B -~ ——&——+ um=
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Export to Microsoft Excel

The Export to MS Excel is a useful feature to transfer data from an uncertainty analysis over
the OLE interface to Excel files. With the command / button Export to MS Excel, a dialog

E Model Functions

i A KB

Budget Help
X —

¥=
v -

window with the settings for the data transfer is open.

TW R

B

26 Export to MS Excel

—_—
MName: |
Method: | GUF | |NL MCM Adaptive 1.
Main data Segment data
Description Vertical Mo. | Segment width | Total depth | Number of points [ Mean velod
m m m/fs
Add. settings 2 5.75 1.33 1 0.001
3 5.4 1.55 1 1]
4 5.75 3.25 4 0.2548
Correlations 5 5.35 248 8 0.7825
] 5 5 ] 1.5971
Exp. analysis 7 5 7 [5 1.8553
8 5 10.47 5 2.4583
Budget g 5 11.32 ] 3.322
10 5 11.32 ] 3.977
11 5 11.22 ] 4,1934
12 5 10,92 ] 4,6093
Summary of flow parameters
Measured total discharge 1949.6746 m3/s Water
Discharge MNumber of verticals (velodty = 0) 18 Maxim:
Documentation Average velodty of stream 2.9491 mfs Area o
Max. measured velodty (13; 0.6) 5.41 mfs Averag
Summary Result
Method Discharge Expanded uncertainty Expanddg
GUF 1950 m3fs =100 m3fs

Model
Quantities data

Discharge
Observations
Preview
Segment data
Summary of flow parameters
Result
Documentation

Budget
GUF
Charts

In separate pages

C:\QMSys GUMYQGUM Enterprise 4. 12\Basic models for flow measurements\SO - Mid-section - Ve oclE s [ Wi ) mean.gm*

OK

J

Cancel ]

{0 =)

[
Ealn

GB

The data transfer starts with the selection of the OK button. The program MS Excel is loaded
in the background and according to the active options in the dialog window, the software
creates a new workbook with multiple worksheets and fills them with data.

utu

groax X B o oM o< Brcel
Insert Page Layout Formulas Data Review View Developer Acrobat @ Tell me what you want to do... Sign in P+ Share
FY _ j==] 3 .
D EE B Arial 10 A A == '53/" E—f‘\".‘rame General S‘J 5“ EEED % El é' %Y p
Paste " B I U- === £== E Merge 8 Center ~ [ o 3 | €0 00 Cundm.unal Formatas Cell Insert Delete Format . Sort & Find &
< Formatting = Table~ Styles~ © © © — 7 Filter~ Select~
Clipboard 1 Font & Alignment 5 Number = Styles Cells Editing ~
Al - 5 -
A B € D E F G H | J K -
i
Vertical No. Segment width Total depth Number of Mean velocity Segment area Segment Relative Bar chart (10 %)
2 points discharge discharge
3 m m mis m? m'ls %
4 1 325 0 0 0 0 0 ofl
5 2 575 133 1 0.001 7.6475 0.00786 o}l
6 3 54 1.55 1 0 8.37 0 0|l
7 4 575 325 4 0.2548 18.6875 4.7607| 0.24(1
8 ] 535 248 6 0.7825 13.268 10.382 0530
9 6 [ [ 3] 1.5871 25 39.9275 2.05(
10 7 ) 7 3 1.8553 35 64.9351 3.33|
1 ] ) 1047 3 24583 52.35 128.6937 6.6| I
12 9 ) 11.32 3 3.322 56.6 188.0271 9.64| I
13 10 [ 11.32 3 3.977 56.6 2250955 11.55| I
14 " [ 11.22 3 41934 56.1 2352501 12.07| —
15 12 [ 10.92 3 4.6099 546 251.7024 12 91|
16 13 [ 1037 3 4.8428 51.85 251.0979 12 55| I
17 14 5 10.52 6 3.9868 52.6 209.7042 10.76| I
18 15 5 1017 6 3.3463 50.85 170.1575 8.73 |
19 16 [ 767 3] 2.6203 38.35 100.4891 5.15| I
20 17 45 4.86 3 1.973 21.87 43.1508 2.21 (.
21 18 3 ) 3 0.9101 15 13.6518 0.7(H
22 19 3 325 3 0.8183 9.75 7.978 0.41|0
23 20 725 35 3 0.1838 26375 4.664 0.24|1
24 21 9 1.25 0 0 11.25 0 o}l
25 22 0 0 0 0 0 0 0]l
26
27 Measured total discharge 1949.6746 m*/s Water surface width 1M1 m
28 MNumber of verticals (velocity > 0) 18 Maximum depth 1132 m
29 Average velocity of stream 2.9491 mfs Area of cross-section of stream 661.118 m*
30 Max. measured velocity (13: 0.6) 5.41 mis Average depth (area/width) 5.956 m
31
32 Method Discharg Exp = rel. inty Coverage factor (Probability) Distribution
33 GUF 1950 m*/s 100 m¥ls +51% 2.00(95.45 %) Normal
34 -
] ... | Quantities Discharge measurement Discharge Documentation Q *® [] 3
Ready ] B - 1 + 100%
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[1]

[2]

[3]

[4]

[5]

[6]

and measurement software

— RMSys

15.7. References for Determination of Uncertainties in Flow Measurement

ISO 748:2007 - Hydrometry - Measurement of liquid flow in open channels using
current-meters or floats

ISO 1088:2007 - Hydrometry - Velocity-area methods using current-meters -
Collection and processing of data for determination of uncertainties in flow
measurement

J. Le Cozx, B. Camenen, X. Peyrard, G. Dramais, 2012 - Uncertainty in open-channel
discharges measured with the velocity—area method

Aurélien Despax, Christian Perret, Rémy Garcon, Alexandre Hauet, Arnaud Bellevillg,
Jéréme Le Coz, Anne-Catherine Favre, 2017 - Prise en compte de la qualité de
I'échantillonnage dans I'estimation de l'incertitude des jaugeages par exploration du
champ des vitesses (méthode Flaure)

Aurélien Despax, Christian Perret, Rémy Gargon, Alexandre Hauet, Arnaud Belleville,
Jéréme Le Coz, Anne-Catherine Favre, 2016 Considering sampling strategy and
cross-section complexity for estimating the uncertainty of discharge measurements
using the velocity-area method

Timothy A. Cohn, Julie E. Kiang, Robert R. Mason Jr., 2013 - Estimating Discharge
Measurement Uncertainty Using the Interpolated Variance Estimator
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16. Uncertainty Calculation in MS Excel by the QMSys GUM Excel Add-In

The full integration of calculating the measurement uncertainties in MS Excel is implemented by using the
additional software @QMSys GUMX (Excel Add-In). This program fully supports the functions for importing data
to the input quantities from a MS Excel file, the calculation of measurement uncertainty and the export of the
results in the same Excel file. The model files are prepared with the software editions QMSys GUM Enterprise
/ Professional and saved in the special format for the Excel add-in QMSys GUMX with extension *.gx|".

The Excel add-in QMSys GUMX is included in the installation files of the editions QMSys GUM Enterprise /
Professional. The installation file "ggumx_inst.exe" of the software QMSys GUMX located in the subfolder "..
\ QGUMX_Inst". During the installation, the software QMSys GUMX will be automatically registered in MS Excel
software, therefore the programs MS Excel and QMSys GUM Enterprise / Professional must be closed. Under
operating systems MS Windows Vista / 7 / 8 are also needed administrator rights.

The program QMSys GUMX uses two methods to calculate the measurement uncertainty:
e GUF Method for linear models - when only the GUF is selected in the model file
e Monte Carlo Method with Sobol sequences - when GUF-NL or MCM are selected in the model.

Program Menu

Under the menu "QGUM" and in the menu bar are provided following functions:
MS Excel XP, 2003 MS Excel 2007, 2010, 2013 (32 and 64 Bit)

QLM

';J' Calculate the MU

- Model file = +:| English (United Kingdaom) -
| Maodel file » | Pipette.gxl I ’| [#5 Eng [ g ) p

Y Select model
Language b |5 select model Calculate | o Register

Clear list
‘ﬂ} Clear lisk B ti

QEUM Commands Menu

: R4 | Model file - 2 ﬂ}a

e (alculate the MU - this function will start the calculation of the measurement uncertainty. The imported data
of the input quantities are read from the current Excel file and after the calculation of the measurement
uncertainty, the results are written in the same file. This function is only accessible if a model file has been
selected for the current Excel file.

e Model file - with this function, a model file for the calculation of measurement uncertainty is selected from a
list with model files. Up to three different model files can be assigned to the opened Excel file with the function
“Select mode/’. The program automatically saves the relative file path if the model file is in the same folder
or in a subfolder to the Excel file. Otherwise, the absolute file path is stored. Using the function ,Clear list"
will remove all model files from the list.

e Language - selecting the program language.

e Register - opens a window with the license key of the software and a field for entering the unlock key and
the activation of the software.

and measurement software

Calculation of measurement uncertainty

The following steps represent the basic procedure for calculating the uncertainty from an Excel file:

1. Create a model file for calculating the measurement uncertainty with the software editions QMSys GUM
Enterprise or Professional.

2. Create an Excel file containing the data to be imported to the input quantities and codes for the export
of the results of the uncertainty calculation. It is recommended to save the Excel file and the model file
in the same folder.

3. Select the appropriate cells or cell ranges of the input quantities in the model file, save the adjusted
model file and close it.

4. Associate the model file with the Excel file over the menu “"QGUM -> Model file -> Select model” and
save the Excel file.

5. You can now enter in this Excel file different values for the input quantities and start the calculation of
the measurement uncertainty over the menu “Calculate the MU” - the calculated results are automatically
updated in the cells that contain the corresponding codes.

6. You can copy the Excel file and run the calculation of the measurement uncertainty from the new file -
the software reads the imported data from the new file and writes the results in the same file.

— RMSys
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The model file can be used in several Excel files with the same cell structure of the imported data for the input
quantities. The areas with the codes for the export of the results can be structured differently in the individual
files. When calculating the measurement uncertainty, the imported data is read from the current file and the
results are exported in the same file.

Examples for one measurement set:

Excel File Model File
EA4-S2.Calibration of a weight_AddIn.xlsx EA4-S2.Calibration of a weight.gxl
EA4-S3.Calibration of a standard resistor_AddIn.xlIsx EA4-S3.Calibration of a standard resistor.gxl

Example of model with indexed quantities:
Excel File Model Files
Mean-section-method.gxl
Mid-section-method.gxl

This example shows the possibility to use two methods for calculating the measurement results with the
associated uncertainty for the same measurement data set.

Discharge measurement by current meter_AddIn.xIsx

Calculation of measurement uncertainty for several measurement series

The software QMSys GUMX also offers calculation of measurement uncertainty in MS Excel for unlimited number
of measurement series (result quantities with identical measurement model) using a model file for only one set
of measurements. This functionality is particularly useful when calibrating in several points of the measuring
range, in addition, it simplifies the modelling of the measurement process.

In this case in the model file are used the defined in MS Excel names of cell areas for the input quantities, which
parameter values are read from the Excel file.

The observations values of all measurement series of one input quantity of type A are defined with one cell area.
With the symbols "H" or "V" is specified, how the individual series are ordered in the cell area:

and measurement software

- Area name "Mess_H" - individual series of - Area name "Mess_V" - individual series of
measurements are defined in columns: measurements are defined in rows:
Mess H |« A 101 Mess W - A~ 101
1 NA | SE: 1 | Si 2 | S[: 3 | A | B | ¢ | D | E | F |
a £ £ £

2 1 10.10 25.00 £0.20 ] No. ! 2 3 A 5
= 5 50 1 g 2| Setd 1010 1020 1080 1020 1020
= 2 g e ey ElY 2600 2510 2520 2500 2500
5 | 4 10.20 25.00 50.20 Ex Set 3 50.20 50.30 50.00 50.20 50.30
B | 5 10.20 25.00 5030 | 5 |

2

For the remaining parameters of the input quantities are defined separate cells areas - one area for each
parameter. The cells in an area may be assigned by column or by row. Empty cells or mixed assignments are
not allowed.

The codes for the statistical analysis of the type A input quantities and the result quantities are entered in the
appropriate cells or comment fields only once for the first series of measurements. By inserting the characters
"H" or "V" in front of the "#" symbol is defined how will be imported the results for the next series of

h measurements:
- Coding with "H" (for example, $G02I01H# or - Coding with "V" (for example, $G02I01V# or
$G02I01UH#) - the results of a series of $G02I01UV#) - the results of a series of
measurements are output by columns: measurements are output by rows:
A [ B [ ¢ [ D ] A B [ C [
/ | 1| Set 1 Set 2 Set 3 1 tlean walue Uncertainty
LMESH value 10,200 25 0680 a0.200 T Set 1 10.200 0032
| 3 |Uncertainty 0.032 0.040 0.055 3 | Siet 2 25 0RN 0.040
‘ 4 4| Set3 50,200 0.055
g
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Example:

Excel File Model File
EA4-S2.Calibration of a weight set_AddIn.xlsx EA4-S2.Calibration of a weight set.gxl

Import of several series of measured values for type A indexed quantities

The observations values of all measurement series of one indexed quantity of type A are defined with one cell
area. With the symbols "H" or "V" is specified, how the individual series are ordered in the cell area. Following
options for definition of the cell area with the measurement sets in MS Excel are offered:

¢ Measured values and series are arranged by columns —“Name_C_V"

Example

- Index definition: index n=(1:4) Meas C_V - £ 102

- Number of observations: 5 T B I T T F

- Number of series: 3 i . Cuantity index ]
Q Definition of cell area of the main quantity: 2 No.| 01 0z | 03 a4
\ - Cell area: “Meas_C_V” = $C$3:$F$17 3 1 10.2 5.2 5.4 50.4
g Automatic cell areas of the indexed guantities: g | Serd g :g'g gg g'g %_‘E
- -Set_1-Q 1=0C3:C7 B s 104 2’| 3|2 =02
N -Set 1-Q_ 2 =D3:D7 7 5 102 252 354 504
Q -Set 1-Q 3 = E3:E7 CH i 03 253 356 50.6
7)) B _ g 2 10.4 254 358 EnA
- ] gei ; Q. ‘1} = g '(::712 10| set2 3] 13 23] =88 =s
S € Q1= 11| s} w2 2.2 354 504
o -Set_2-Q_2 =D8:D12 12 5 102 25,2 35.4 50.4

13 1 10.4 54 358 CilE]
E -Set_ 3-Q 3 =E13:E17 14 2 10.1 251 5.2 802

. _ 15| Set3 3 103 253 3/E E0.6
e Set_3- Q4 = F13:F17 16| 'l 103 253 356 506
S 17 5| 102] 253] 354]  s04]
m 4
0
Q e Measured values and series are arranged by rows —“Name_R_H"
E Example Automatic cell areas of the indexed quantities:
.c - Index definition: index n=(1:4) -Set_1-Q_1=17J4:N4
< - Number of observations: 5 -Set 1-Q 2 =15:N5
o - Number of series: 3 -Set 1-Q 3 =16:N6

Definition of cell area of the main quantity: -Set. 1-Q 4 =17:N7

- Cell area: "Meas_R_H" = $1$4:$X$7 -Set 2-Q_1=04:54

-Set 2-Q 2 =05:55

-Set 3-Q_3 =T4:X4
-Set 3-Q 4 =T5X5

m H ] i 3 L e e 1] Y | W X
Set 1 Sar s Set 3
Ho.l 1 z 3 4 5 1 i 3 4 5 1 2 3 4 5
| 1 102 103 103 101 102 103 104 103 102 102y 104 101 103 103 102

Quantity 02 252 B3 M&F N 252 253 254 /3 MBI B A4 X 28I KT 253D
index 03 354 356 356 352 54| /6 5P 36 /4 354] KB 352 3I/H 356 354

04 | 504 S06 S06 502 S04 505 S0B S06 S04 S04 508 502 506 506 5041

nrlibe Flea REG L RE R EEE I SR

E If in the defined area are empty cells, the software will automatically reduce the number of observations for the
m corresponding sub-quantity. At least 1 measured value must be entered in the Excel file for each sub-quantity.
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Appendix A: Validation of the QMSys GUM Software

ISO/IEC Guide 98-3:2008 (GUM:1995) Guide to the expression of uncertainty in measurement

GUM QMSys GUM, GUF Method I

Example Estimate u k ) Estimate u k U Distribution
H.1 50,000838 mm 32nm| 2,92 +92 nm | 50,000838 mm 32nm| 2,92 +92 nm | t-distr., 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 0,295 Q1 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 Corr. r(v,I) =-0,36 ; r(V,p) =0,86; r(I,p) =-0,65 r(V,I) = -0,355; r(V,p) =0,858; r(I,p) =-0,645 |Inputquant.
coeff. r(R,X) =-0,588; r(R,2) =-0,485,; r(X,Z2) =0,993 r(R,X) =-0,588; r(R,2) =-0,485; r(X,Z) = 0,993 |Result quant.
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

ISO 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
Q 9.2.2 MCM 0,00 2.00 [-3,92; 3,921 | MCM 0,00 2.00 [-3,92; 3,92]
N - GUF 0,00 2.00 [-3,92; 3,92] | MCM 0,00 2.00 [-3,92; 3,92] | Normal distribution
) 923 MCM 0,00 2.00 [-3,88; 3,88] | MCM 0,00 2.00 [-3,88; 3,88]
§ - GUF 0,00 2.00 [-3,92; 3,921 | MCM 0,00 2.00 [-3,92; 3,92] | Normal distribution
q‘l: 924 MCM 0,00 10.1 [-17,0; 17,0] | MCM 0,00 10.1 [-17,0; 17,0]
0 - GUF 0,00 10.1 [-19,9; 19,9] | GUF 0,00 10.1 [-19,9; 19,9] | Normal distribution
m 93 MCM 1,2341| 0,0754 | [1,0834; 1,3825] | MCM 1,2340| 0,0754 | [1,0845; 1,3835]
) GUF2 1,2340| 0,0750 | [1,0870; 1,3810] | GUF-NL 1,2340| 0,0754 | [1,0862; 1,3818] | Normal distribution
b 9422 MCM 50 50 [0; 150] |MCM 50 50 [0; 150] [ x 10°®
: T Analytical 50 50 - | GUF-NL 50 50 [-48; 148] | x 10, not validated
Q 9423 MCM 150 112 [0; 3671 | MCM 150 112 [0; 366] | x 10°®
E T Analytical 150 112 - | GUF-NL 150 112 [-69; 369] | x 10, not validated
Q 9424 MCM 2551 502 [1590; 35431 | MCM 2551 503 [1591; 3547]|x 10°®
g T Analytical 2550 502 - | GUF-NL 2550 502 [1565; 3535] | x 10°®, validated
: 94321 MCM 50 67 [0; 185] | MCM 50 67 [0; 185]|x 10°®
U) " | Analytical 50 67 - | GUF-NL 50 67 [-81; 181]| x 10, not validated
] 94322 MCM 150 121 [13; 398] | MCM 150 120 [13; 398]|x 10°®
Q) ©TTT™ | Analytical 150 121 - | GUF-NL 150 120 [-86; 386] | x 10, not validated
94323 MCM 2551 504 [1628; 3555] | MCM 2550 505 [1629; 3561] | x 10°®
E "7 | Analytical 2550 505 - | GUF-NL 2550 505 [1561; 3539] | x 10°®, not validated
MCM 838 nm| 36 nm [745; 932] nm | MCM 838 nm| 36 nm [744; 932] nm
'C 9.5 Analytical - - - | GUF-NL 838 nm| 36 nm [746; 930] nm | Normal distribution
% GUF 838 nm| 32 nm [745; 931] nm | GUF 838 nm| 32 nm [745; 931] nm | t-distribution, f=16
EA-4/02 , DAkkS-DKD-3 Expression of the Uncertainty of Measurement in Calibration
DKD-3, EA-4/02 QMSys GUM, GUF Method .
Example Estimate u k U Estimate u k U Distribution
S.2 10000,025 g 29,3 mg| 2,00 +59 mg 10000,025 g 29,3 mg| 2,00 +59 mg | Normal
S.3 10000,178 Q 8,33 mQ| 2,00 +17 mQ 10000,178 Q 8,33 mQ| 2,00 +17 mQ | Normal
S.4 (EA) 49,999926 mm 36,4 nm| 2,00 +73 nm| 49,999926 mm 36,4 nm| 2,00 +73 nm | Normal
S.4 Normal
(DAKKS) 49,999926 mm 34,3 nm| 2,00 +69 nm | 49,999926 mm 34,3 nm| 2,00 +69 nm
S.5 (k) 1000,5 °C 0,641 K| 2,00 +13K 1000,5 °C 0,641 K| 2,00 +1,3 K| Normal
S.5 (Vx) 36229 pv 25.0 uv| 2,00 £50 PV 36229 pv 24.8 uv| 2,00 450 pV | Normal
S.6 0,933 0,0162| 2,00 +0,032 0,933 0,0162| 2,00 0,032 | Normal
S.7 30,043 dB| 0,0224 dB[ 2,00] +0,045 dB 30,043 dB| 0,0224 dB| 2,00 +0,045 dB|Normal
S.9 0,10V 0,030 V| 1,65 +0,05 V 0,10V 0,030 V| 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 | Trapez., 8=0,33
S.11 180,1 °C 0,164 K| 1,81 +0,3K 180,10 °C 0,164 K| 1,83 +0,30 K| Trapez., B=0,34
S.12 (V) 199,95 | 0,109 | - - 199,95 | 0,109 1] 2,00 +0,22 | | Normal
S.12 (ex) 0,3x103| 0,68 x103 - - 0,24 x103| 0,68 x103| 2,00 +0,0014 | | Normal
S.12 (exav) 0,001| 0,91x103| 2,28 +0,002 0,001| 0,91x103| 2.28 0,002 | t-distribution, f=10
S.13 90,00025 mm| 0,414 pm| 2,00 +0,9 pm| 90,00024 mm| 0,411 pm| 2,00 +0,82 pm | Normal

EURACHEM/CITAC Guide CG 4 Quantifying Uncertainty in Analytical Measurement

— RMSys

Example EURACHEM/CITAC Guide CG 4 QMSys GUM, GUF Method, Normal distribution, k = 2.00
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* +1,7 mg.l?!
A2 0,1021 mol.I* 0,00010 mol.I! +0,0002 mol.I! 0,1021 mol.I* 0,00010 mol.I* 40,0002 mol.I*
A3 0,1014 mol.I* 0,00018 mol.I'! +0,0004 mol.I! 0,1014 mol.I! 0,00018 mol.I! +0,0004 mol.I!
A3

(Repl.) 0,1014 mol.I* 0,00016 mol.I! +0,0003 mol.I! 0,1014 mol.I! 0,00016 mol.I! 40,0003 mol.I!
A4 1,11 0.377 (034 rel.)|  +0.75 (0,68 rel.) 1,11] 0.377 (0,339 rel.) +0.75 (0,68 rel.)
A5 0,015 mg.dm?| 0,0015 mg.dm™ +0,003 mg.dm™ 0,0151 mg.dm?| 0,00142 mg.dm? +0,0028 mg.dm?
A7 0,05374 ymol.g*| 0,00018 ymol.g* 0,00036 ymol.g*| 0,05374 umol.g*| 0,000180 umol.q* 0,00036 pymol.q*

u - Combined standard uncertainty; U - Expanded uncertainty; k - Coverage factor; f - Degrees of freedom; B -
Shape factor
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Appendix B: Example of a Report

Page 1

T GUF_MCM.rtf - Microsoft Word M=ET
! File Edit Wew Insert Format  Tools  Table Window Help  Adobe PDF  Acrobat Comments x

i el 4 OJpocument Map [ Thumbnails | 33 Find... @3 Research... | ®) — | =

UALISYST
e-mail: qualisyst@gsyst.com
%

MEASUREMENT UNCERTAINTY REPORT

1. Main data

MName Calibration of a weight of nominal value 10 Kg

File EA4-52-Calibration of 8 weight of nominal value 10 kg.gmf
Created 13.11.2011 20:01 :

Modified 22.11.2011 11:50 : Siefan Golemanov

File wersion 4.8 (11.11.213 / QMSys GUM Enterprise

Monte-Cario [ Adaptive procedurs Tolerance Mumber of trials
Yes [ Yes 0,28 220x10%

1.1. Description

The calibration of a weight of nominal value 10 kg of OIML class Ml is carred out by comparison to a reference
standard (OIML class F2) of the same nominal value using a mass comparator whose performance
charactenstics have previously been determined.

Comelation: Mone of the input quantities are considered to be correlated to any significant extent.

1.2. Model
Mx = Mg +dmpg +dm + &mc + 6B

and measurement software

1.3. List of Quantities
Quantity

conventional mass of the unknown

conventionsl mass of the stendard

drift of walue of the standard since its last calibration

observed difference in mass between the unknown mass and the standard
comection for ecoentricity and megnetic effects

comection for air buoyancy

1.4, Quantities description
Quantity Description Comment
Mg Type: Result Maximum Permissible Error (MPE) for Class M1

Unit: g in accordance with OIML R111 is 500 mg.
Uncert. unit: mg
Factor: 10E-3
Format: Absolute

Distribution: Nomal distribution

Coverage probability (%): 95,45

Proof of capability: Yes

Tolerance or distibution interval: 1 g
Cepabilty index-Limit valua: Cm = 4
Compliance assessment: Two-sided

Lower specificaton limit: 9998,5 g

Upper specificaton limit: 100005 g

Decision rule: Stringsnt Acceptance - Stringent
Rejaction

H @ W&

— RMSys
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Page 2

File Edi

iew

Insert

O§ GUF_MCM. rtf - Microsoft Word

Format  Tools  Table  indow

Help

! i =4 &loocument Map {5 Thumbnails | 32 Find. .. 4 Research.., | & =

Adobe POF  Acrobat Comments

1 Clase

web: http:/iwww.qsyst.com
e-mail: qualisyst@qsyst.com

&, QUALISYST

Type: Type B

Unit: g

Uncert. unit: mg

Factor 10E-3

Uncertainty estimate: Expanded uncertsainty
Distrbution: Mormsl

Degress of freedom: =

alue: 10000.005g

Rzl uncertsinty: 46mg
Coverage probability (%) 95,00
Coverage factor 2,00

Stand. uncersinty: 22 50g

Reference standard (m;): The calibration
certificate for the reference standard gives a
value of 10 000 005 g with an associated
expanded uncertainty of 45 mg (coverage factor &k
=2}

Type: Type B

Unit: g

Uncert. unit: mg

Factor: 10E-3

Uncertainty estimate: Probability distribution
Distrbution: Rectanguler

Value: g

Half-width of limits: 0.015g

Rel. uncertanty emor: 0

Drift of the value of the standard (&mg): The
drift of the value of the reference standard is
estimated from previous calibrations to be zero
within £15 mqg.

Type: Type A

Unit: g

Uncert. unit: mg

Factor 10E-3

Method of obsarvation: Indirect
Mumber of ohsareations: 3
Uncertainty evaluation: Pooled estimate
Uncertsinty estimate: Stand. deviation
Distribution: Momal

Degress of freedom: =

Stand. deviation: 28mg

Stand. uncersinty: 14,43mg

Comparator (&m): A previous evaluation of the
repeatability of the mass difference between two
weights of the same nominal value gives a pooled
estimate of standard deviation of 25 mg.
Measurements: Three observations of the
difference in mass between the unknown mass
and the standard are obtained using the
substitution method and the substitution scheme
ABBEA ABBA ABBA:

and measurement software

Type: Type B

Unit: g

Uncert. unit: mg

Factor 10E-3

Uncertsinty estimate: Probability distrbution
Distribution: Rectanguer

Value: g

Half-width of limits: 0.01g

Rel. uncertsinty emor: 0

Comparator (&m;): Mo correction is applied for
the comparator, whereas variations due to
eccentrcity and magnetic effects are estimated to
have rectangular limits of #10 mg.

Type: Type B

Unit: g

Uncert. unit: mg

Factor 10E-3

Uncerainty estimate: Probabilty distibution
Distribution: Rectangulr

Value: g

Half-width of limits: 0.01g

Rel. uncertsinty emor: 0

Air buoyancy (BB): Mo correction is made for the
effects of air buoyancy, the limits of deviation are
estimated to be £1x10% of the nominal value.

1.5, Correlation matrix {Input quantities)

Quantity 1

[ QuanfiyZ ]

Comelation coefficient |

0]

— RMSys
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Page 3

O§ GUF_MCM. rtf - Microsoft Word
Fil=  Edit #adabe FOF

i i =4 &oocument Map 5] Thumbnails | &2 Find. .. 4 Research... | e

Wiewy Imsert  Format  Tools  Table  ‘'Window  Help

Acrobat Comments

| Close

web: http:/fwww.qsyst.com
e-mail: qualisystiqsyst.com

&, QUALISYST

2. Observations

Mumber of Obsarvations Mean valus

abservations

Quantity

Eiayesian stand.
uncertainty

&m E] 0,010
0,030

0,020

0,0200

3. GUF - Uncertainty budget

J.1. Budget

Quantity Valus Distrbution Sa

coefficient

nsitnity Sensitvity (Graph.)

ms 10000,0050 g Momsl

1.00

&mg 009 Ractangular

1,00

am 0,0200 ¢ Mormal

1.00

fmc 009 Ractangular

1,00

5B 004 Rectangular

1,00

=
[
[

3.2. Combined Standard Uncertainty

[ Quantity ] Comb. stand. uncerainty | Comb. relat. uncersinty

Effective dagress of freedom

| | 29,3 mg| 2,930 |

3.3. Result

Quantity Walus Expanded

uncartainty

Expanded
ral.

uncerntainty

Coverags
factor

and measurement software

Coverags Distrbution

probability

10000025 g + 0.58x10™

%

£ 5amg Z.00

595,45 % | Momal

J.4. GUF - Validation

[ Toleranced | A& Coverage interval

L Resulk

£ Comb. stand. uncert.

[ Quentty [ Validstion
|

I
[ ez 0,005000 [-0,000710:0 000701

0,0] 0,000030 |

3.5. Proof of capahility and compliance assessment

[ F-inside | P-putside |

[ Quantity [ Capsbilty | Index | Limtvalue | Compliance
[ [res Cm=85 [4 [7as

[To0000% RS |

Quantity Graphic

P 5993,500

—=

3999441 ¥999,559

— RMSys
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O§ GUF_MCM.rtf - Microsoft Word
! pile  Edi Tahle fdobe POF

i =) Soocument Map =] Thumbnails | 44 Find... [ Research... | & = || |4 Close -

=13

Wigw Insert  Formak  Tools Window Help Acrobat Comments

wab: http:fiwww.gsyst.com
e-mail: qualisyst@qgsyst.com

&, QUALISYST

4. MCM - Uncertainty budget

4.1, Statistical parameters
Quantity Mazximum Minimum

Stand.
deviation
0.0283

Mean valus Quantile Qusantile

10000,0250

my 10000,1465] 998958771 9999,50660 (2.275%)| 10000,0834 (87.725%)

Kurosis
-0,013

Skewnass
-0,005

Histogram

2,275 % z

97,725 %

9999, 9666 10000, 334

10000,0250

4.2. MCM validation
[ Validstion [
[Tes [

250y} |
B 121x107]

=]
[I.[I???x1[l“|

25 {ylow) [
0331107

25[y-high} |
0356107

Tolzrancs [
T10 |

4.3. Combined Standard Uncertainty
[ Quantty T Comb. stand. uncerainty |
[ 29,3 mg |

Distribution
Mormal

Comb. relst. uncertainty [
FICEEL

and measurement software

4.4, Result

Quantity

Result

Expanded uncertainty

Expanded r=l.
uncartainty

Coverage factor

Probability

AL

100000250 g

+ 58 mg

+ 0.5Bx10™ %

1,98

B 45 %

4.5, Proof of capability and com pliance assessment

[ Quantity

Capsbilty |

Index [

P-insids

[ P-outside |

|
[ [ras

[Cm=

56 =

Limtvalue | Complisnce |
[

EB [

100,000%

[0.000% |

Quantity
o 539,500

Graphic

—
392 3993558

5. Comment

Mg The measured mass of the nominal 10 kq weightis 10,000 025 kg £5% mg. The reported
expanded uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage factor & =2, which for a normal distribution corresponds to a
coverage probability of approximately 95 %.

L € 4

— 3IMSys
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Appendix C: Example of an Export to MS Excel
Page Mode/

Microsoft Excel - Calibration of a gauge blocks 1, 5, 10, 20 and 50 mm Pz
@_] File Edit ‘iew Insert Format Tools Data  Window Help  Adobe PDF Type a question for help = 2 & X
NEEHRS SRV E| &SRB I8 =5 ] - 8T oW
i Arial 10 - B 7 U|EEESEy 0 580 O SRURP- 01 _ N ok s S o R | |
A1 - i3
Al B [ ¢ ] D [ E [ F &
1 Name: Calibration of & gauge blocks 1,5, 10, 20 and 50 mm
2
3| Model:
A | be=lsr+Blp+Eh +HBle-Ly (e "Bt HDa T At s} Bk
|5 | be=las+Blo+blsHlo-La(oavs Bt + " At aus)-Ohy
B | bao=lsi0+0lp+Blip+Ble-Lip (o ae Bt HBO" Al avg)-Bhy
7| bar=lsz0+Blp+Blzp+Ble-Lag (0w B HBO" At avg)-Bhy
| B | o=l +Blo+Blsn+Bl - Lan (o "Bt +B0 At avg)-Bhy
a
10 Quantity Unit _ Description
m I ba mm  length of the gauge block to be calibrated - Trm
k 12 s mm  length of the reference gauge block Trmm
m 13| Bl mm  Change of the length of the reference gauge block since its last calibration due to drift
E 4] Bl rmm observed difference in length between the unknown and the reference gauge block Tmm
N~ 15| Bl mm  correction for non-linearity and offset of the comparator
‘h B L mm  nominal length of the gauge blocks under consideration - Trm
° 17| o K! average of the thermal expansion coefficients of the unknown and the reference gauge block
m 18| Gt K difference in temperature between the unknown the reference gauge block
19 Bo K difference in the thermal expansion coefficients between the unknown and the reference gauge block
b 20| Ataws K deviation of the average temperature of the unknown and the standard gauge block from the reference temperature
: 21| Bl mm  correction for non-central contacting of the measuring faces of the unknown gauge block
Q) 122 s mm  length of the gauge block to be calibrated - Smm
E 23| s mrm  length of the reference gauge block Smm
m (24| bl mm  observed difference in length between the unknown and the reference gauge block Smm
k 5| L rarm nominal length of the gauge blocks under consideration - Smm
: E leto mrn length of the gauge block to be calibrated - 10mm
u’ 27 ls1n mrn length of the reference gauge block 10mm
m 4« » M[\Model / Quantities £8_1 #6l5 /& 10 /820 /6l 50 /%1 /1. %5 £1_¥10 /1 %20 4| %50 / Total budget 4 Regression analysis / < 3
m Ready
% (5] Ele Edt Wiew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion forhelp = o & X
NEEHRSSRITE S BB S o8 s g -0 fisa s
i aria 210 B L U|SE = E 5|0 e 5 580 E = AR e S SO A0 _ R [k Mt R Wow a3 N &
Al - 3
Al B | C [ D [ E T F T e T w T v [T b T k[T L T ™M TT3F
1 Quantity Description
L2 Type Result
| 3| Unit mm
EN Uncert. unit nrn
| 5 | Factar 1,00E-05
B Farmat Abszalute
7 Distributian Triangular distribution
=N Coverage probability (%) 9545
R Type Type B
1o Unit mm
11 Uncert. unit nrm
12 Factar 1,00E-05
13 Uncerainty estimate Expanded uncertainty
14 Distributian Marmal
18] Degrees of freedom =
16 | Walug 1,00002 mm
17 Fel. uncertainty 15 nm
18 Coverage probability (%) 95
18] Coverage factar 2
20 Stand. uncertainty 78 mm
21 Bl Type Type B
22 Unit mm
23 Uncert. unit nrn
| 24 | Factor 1,00E-05
25 Uncertainty estimate Probability distribution
= Distributian Rectangular
27 Walug 0 mm
128 | Half-width of limits 300E-05 rarm
29 Fel. uncertainty errar a
|30 8k Type Type A
31 Unit mm
32 Uncert. unit nm b
4 4 » Ml Model % Quantities { &l_1 /6l 5 /8 10 /820 /850 /1 %1 {15 /1 %10 /1 _x20 /1 %50 4 Total budget 4/ Regression analysis /' < 3
Ready
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@_] File Edit Wew Insert Format Tools Data  Window Help  Adobe PDF Type a question for help = 2 @ X
BEEAE RENE VT A AR NN S AR RS AN 0] B L RN N  Heshe=ahc s

: Arial .10 < |B 7 U| B EE e o <0 00 S= = W & = ¢ &'é'li.ﬂﬂu-i !

Al - i
A B | ¢ [ o | e [ F | 6 | HW [ 1 [ 4 | & [ L [ M [ N =

1 )
2 Statistics -35 = +35
3| “Nomber of values 5 42 f i
4 | Minimum 1 60E-04 4 _| |
| 8 | Maximum 2 00E-04 Lz
(B | Median 17004 36| |
| 7| Meanvalue 1,74E-04 F | | .
B | Range 4,00E-05 ity .
9| “ariance 280E-10 £ 24_| =
(10| Stand. deviation 1 G7E05 g7 I, £
(11| Stand. uncertainty 7 ASE-05 = 18| |' &

12 Bayesian stand. uncertainty 1 ,06E-05 2
E Skewness 073 12 _| |
| 14| Kurtosis -0,366 a _| |
18| Test value (K-3-1) 0,199

16 Critical value [29%) 0,405 0- -0
(17| Marmal distribution (29%) Yes 0,125x10°% 0,150x10° 0,175:10°% 0,200x10°% 0,225x10°%

18
| 19| Observation
20 1 000018
21 2 00002
| 22 | 3 000016
23| 4 000016
| 24 | 5 000017
25| 3
26 |
|27 3
M4 v Ml Quantities £ 1 /815 /810 %81 20,/ 8 50 /1 x1 41 %5 {1 %10 £ 1_x20 {1 x50 4 Totalbudget £ Reg < s
Ready

Page Budget

E3 Microsoft Excel - Calibration of a gauge blocks 1, 5, 10, 20 and 50 mm J
@_] Fle Edit Wiew Insert Format Tools Data  Wwindow Help  Adobe PDF Type a question for help = 2 @ X
NS ER OSSP E s GB o8 s g @il

i arial -0 -|B £ U|= =5 g 0 Gl % S L Se to S M. A & | (2 By iR | ¥Rl wih Changes... !

Al - #
Al B [ ¢ Tole[ F TJeHI[ M [ W T o [TPF] Q [R] ] [T] u s

1 Budget: [ 1
| 2 |
| 3| GUE

4 Quantity Value Stand. uncert. Rel. uncert. Distributi DoF Sensit. coeff. Uncert. contribution | Rel. contribution Sensitivity
5 | filg 0 rarn 17.3 nm - Rectangular “ 1 17 .3 nrm 55,29 % 0,306
5| il 0 mrm 18,5 nm - Rectangular ® 1 18,5 nm 5898 % 0,348
7] o 1,18E-05 K 5 77E07 K 00502 Rectangular = 0 Kmm 0 nm 0% 0
| 5 | at 0K 00289 K - Rectangular L -2,30E-04 mm.K! .64 nm 221,19 % 0,045
| 9 | B 0K ,16E-07 K - Triangular ® 0 K.mm 0 nm 0% 0

10 At 0K 0,289 K - Rectangular @ 0 mm.K! 0 nm 0% 0
11| il¥] 0 mm 387 nm - Rectangular © -1 -3.87 nm -12,35 % 0,015
12| Iszp 20,00007 mm 18 nm 7 B0E07 Narmal L 1 15 nm 4783 % 0,229
13| Blzn 1.74E-04 mm 7 48 nm 0043 Narmal i 1 748 nm 2389 % 0,057]
14| Lz 20 min
| 15 Value Comb. stand. uncertainty Comb. relat. uncertainty Effective degrees of freedom
16| lsz0 20,000244 mm 313 nm 157E-08 i
|17 Value Expanded uncertainty Coverage factor (Prehability) Distribution
18| |Result 20000244 mm B3 nm 2.00 (95.45%) MNorrmal
| 19 |
| 20| Monte-Carlo
121 el MCH 20,0001817 (2,275 %) 20,0002441 20,0003066 (97,725 %)

22 Yalue 20 000244 mim . — N R — N
—— X GUF 20,0001813 (2,275 %) 20,0002440 20,0003067 (97,725 %)
| 23| |Comhb. stand. uncertainty 317 nm !
| 24 | |Expanded uncertainty B2 nm 9 L20
| 25| |Coverage intanal [ 20000182 ; 20000307 [mim
| 25| |Expanded rel. uncertainty 3,10E-04 % — &
| 27| |Coverage factor 197 # S
| 28| [Caoverage probability 0545 % g; 74 F1s é
| 29 | Statistical parameters g g
30| |Minimum 20,0001272 mm g 7
31| |Maximum 20 0003716 mm ; 54 L1o =
| 32| [Median 200002442 mim & é
| 33| |Range 2 44E-04 mm
| 34| [Mean value 20 0002441 mim
35| [Stand. deviation 3A7E05 mim 2] N
| 36| |Skewness -0,002
| 37 | |Kurtosis -0,235
| 38| |Quantile (2.275%) 200001817 mm a- — . -0 T
39 Quantile (97.725%) 20,0003066 mm 20,000150 20,000200 ,000250
E v
W 4 v wlf Quantities £a8l_1 £l 5 £al 10 f&l 20 /350 £1_x1 {1 x5 £1_%10 %1_x20 /1 %50 £ Total budget / Regression analysis / 3 | >
Ready
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Page 7otal budget

E3 Microsoft Excel - Calibration of a gauge blocks 1, 5, 10, 20 and 50 mm

@_] Fle Edit Yew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion forhelp = 2 & X
HRRN=A" RERENI= RN =N NN A RN SRS A YA VRSN . e e
il <10 «|B I U|S EE b= T;‘f?"&'A'HEJJJJJM | (21 Fy G E
R8 - A
Al B [ ¢ [D] E [ H | ! L] K L] M [ w o]l F
1
2| GUF
| 3 | Quantity Value Comb. stand. uncertainty | Distribution | Coverage factor | Coverage probability | Expanded uncertainty | Basic quantity | Value
L [ 1000162 mm 273 nm Triangular 193 95 45 % 3 nm L1 1 mm
i I:s 4 999898 mm 287 nm Mormal 2 95 45 % E7 nm L5 5 mm
i [ 2N 1000018 mm 294 nm Marmal 2 9545 % 89 nm L10 10 mm
L lyzg 20000244 mm 31,3 nm Marmal 2 9545 % 63 nm 20 20 mm
8 | Lsn 50000276 mm 35,3 nm Narmal 2 95 45 % 71 nm L50 a0 mm
9
| 10| Monte-Carlo
11 Duantity Value Comb. stand. uncertainty | Distribution | Coverage factor | Coverage probability | Expanded uncertainty | Basic quantity | Value
|12 | [ 1000162 mm 273 nm Triangular 194 95,45 % 53 nm L1 1 mm
13 lys 4999898 mm 287 nm MNormal 195 95,45 % 86 nm La 5 mm
14| 1) 1000018 rmm 295 nm Mormal 1596 95,45 % 58 nm L1 10 mm
15 Lizo 20,000244 mm 317 nm Mormal 197 95 45 % B2 nm =20 20 mm
£ lzs0 50000276 mm 371 nm Mormal 199 9545 % 74 nm 150 50 mm
7|
16|
19
20
21
22 ~
W« v wP Model £ Quantities /81 £35S {810 £ 8l_20 {850 {1_%1 {1%5 £1_%10 /1_¥20 /1 ¥50 % Total budget { Regression analysis / |< * |
Ready
Page Regression analysis
B3 Microsoft Excel - Calibration of a gauge blocks 1, 5, 10, 20 and 50 mm
@_] File Edit ‘iew Insert Format Tools Data  Window Help  Adobe PDF Type aguestionforhelp |« o A X
RNEA" RS TIE RN A YR NN S A BRI N Y A W O NCN _ Ehrhoel
; avial 110 | B 7 U|SE = =560y o 558 WAt D [RE RN ] |
A - A
Al B [ c [ o T e [ F [ T W T 1 [ 4 T w T ¢ [ v fF
7
2 | GUF
=N
4| 72
5
=N 20
B |
7] ]
g | 66
E ]
0| 647
17| s2-
12 z
13 &0
14 | se|
15| 561
6| .
7] 51
18 2l ® L
19| o0 s 10 15 20 25 30 3/ 41 45 50
20
| 21| [Correlation coefficient 0974
| 22| [Equation of the fitting line 54 7 nm-+0 3301
| 23| [Equation of exp. uncertainty 96,1 nm+0 330°L
24 |
| 25| Monte-Carlo
Ea
o7 74
piz] 1
ﬁ 7z
En 709
I 687
32 :
El 5
34 | &
35| 52
36 | e
Ed '
Ea 589
E st
40 sl °
41 L]
2] o .
E 0,0 s 1 15 20 25 an 35 40 45 50
E Correlation coefficient 0957
| 46 | [Equation of the fitting line 535 nm+0 4121
| 46| [Equation of exp. uncertainty 54 2 nm+0 412°L
4|
AR v
W4 b M Quantities 481 £815 £ @_10 4 @_20 £ 8150 4 1_x1 £ 1_%5 4110 £ 1_%20 {1_%50 4 Total budget ' Regression analysis /| < |
Ready
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