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1 Document control

Version Draft A.1
Issued on 24 April 1999.
Version Draft A.2
Issued on 12 May 1999.

2 Introduction

The metrological equivalence of national measurement standards and of calibration certificates issued by national metrology institutes is established by a set of key and supplementary comparisons chosen and organized by the Consultative Committees of the CIPM or by the regional metrology organizations in collaboration with the Consultative Committees.

At its meeting in September 1997, the Consultative Committee for Length, CCL, decided upon a key comparison on gauge block measurements by interferometry, named CCL-K1, with METAS as the pilot laboratory. The comparison was registered in October 1997, artefact circulation started in March 1998 and was completed in March 1999.

3 Organization

3.1 Participants

Give a concise list of the participants.

Table 1. List of participant laboratories and their contacts.
	Laboratory
Code
	Contact person, Laboratory
	Phone, Fax, email

	NPL
(Pilot)
	Andrew Lewis 

NPL

Hampton Road

Teddington

Middlesex TW11 OLW

England
	Tel. +44 20 8943 6074

Fax +44 20 8614 0533

e-mail: Andrew.Lewis@npl.co.uk

	METAS


	Ruedi Thalmann 

Federal Institute of Metrology METAS

Lindenweg 50

CH-3003-Bern-Wabern

Switzerland
	Tel. +41 58 387 03 85

Fax +41 58 387 02 10

e-mail: rudolf.thalmann@metas.ch


Make clear which laboratory is acting as the pilot and how the results were collected/exchanged. It might be necessary that a third party laboratory is collecting the results in order to guarantee impartiality.

3.2 Schedule

Include details of the planned and actual schedules as well as date of receipt of results from the participants. Results should be sent within six weeks of completing the measurements.

Table 2. Schedule of the comparison.
	RMO
	Laboratory
	Original
schedule
	Date of
measurement
	Results 
received

	EURAMET
	METAS
	March 1998
	March 1998
	March 1998

	EURAMET
	NPL
	May 1998
	May 1998
	June 1998


4 Artefacts

4.1 Description of artefacts

Copy the information on the artefacts from the protocol document. Clearly describe the artefact(s) – if the is one artefact with multiple measurands, label the measurands in some consistent way. Remember, for key comparisons, eventually the results will need to be linked to those in another comparison and DoE graphs prepared for the KCDB, which usually has one graph per artefact or per measurand. Often a table is suitable.

If a specification of a value is given (such as the thermal expansion coefficient), indicate also the expanded uncertainty of this specification.

Table 3. List of artefacts.
	Identification
	Nominal length
/mm
	Expansion coefficient

/10-6 K-1
	Manufacturer

	2’10282
	0.5
	11.52 ± 0.1
	CARY

	3’23288
	1.01
	11.52 ± 0.1
	CARY

	21’23584
	1.1
	11.52 ± 0.1
	CARY

	1’0071
	6
	11.52 ± 0.1
	CARY


4.2 Stability of artefacts

Often the pilot laboratory or an assisting laboratory makes stability measurements on the artefacts either before, or during the comparison (or both). The easiest way to present these is to plot on a graph with uncertainty bars. Remember to label the graphs indicating the coverage factor (k) used for the uncertainty bars. Either include the k value in the figure caption or, if there are many figures, mention the k value in text immediately before or immediately after the group of graphs. Comment on whether or not the artefacts were stable within the 95 % confidence level. If the artefacts were not stable, the pilot may consider adding an artefact uncertainty to the KCRV uncertainty – use the maximum change in artefact measurand, and include it as a rectangular uncertainty, after reduction to k = 1 (see Final Report on EURAMET.L-K2 for an example).

4.3 Condition of artefacts at start/end of comparison

If there are pictures/sketches of the artefacts showing damage that occurred during the circulation, include these. If the pilot thinks that the damage may be an additional uncertainty source, comment on this and decide on a value – often this is a judgment call at the pilot’s discretion. If there was a sudden change in a measurand, it may be necessary to either exclude that item or to calculate a subset of results, which are then matched to the main group (see Final Report on EURAMET.L-K5.2004 for an example).

5 Measuring instructions

5.1 Measurands

Copy the information on the measurands from the protocol document. Ideally, measurands were stated according to some specification standard e.g. ISO 3650, and were clear and unambiguous. If possible, use algebraic symbols for the measurands, e.g. 
The measurand was the deviation from nominal length at the centre,  l = lc - ln
so that these can later be referred to in the uncertainty tables. If possible, use a serif font such as Times Roman, for any equations and symbols.

6 Results

6.1 Results and standard uncertainties as reported by participants

Give a simple transcription of the results, formatted consistently in multiple/sub-multiple of SI units. This is most easily communicated in a table or series of tables. 

Table 4. Value x and standard uncertainty u reported by the laboratories for the different artefacts. 

	
	Deviation from nominal length / nm

	Identification
	2’10282
	3’23288
	21’23584
	1’0071

	Lab
	x
	u
	x
	u
	x
	u
	x
	u

	METAS
	17
	9
	52
	9
	-1
	9
	22
	8

	NPL
	20
	14
	54.5
	14
	1.5
	14
	38.5
	14


If there are relatively few measurands and they are simple to interpret, prepare a graph of the results, including uncertainty bars, remembering to comment on whether the bars represent standard or expanded uncertainties. Ensure each graph refers to the relevant artefact.
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Figure 1. Deviation from nominal length of the 0.5 mm steel gauge block. Standard uncertainty bars.
6.2 Measurement uncertainties

The MRA requires that participants submit results supported by a full uncertainty calculation. For certain subjects, e.g. gauge block measurement by interferometry, all participants will be using essentially the same measurement process so a standardised uncertainty budget with common parameters can be applied and the pilot may request in the protocol document that each participant fill out such a table and this may then be included in the Report.

Table 5. Standard uncertainty components in nm according to the specified uncertainty budget of the protocol.

	
	METAS
	NPL

	i
	2.0
	1.0

	Fi
	3.2
	1.0

	n
	5.8
	4.2

	tG
	7.4
	29.6

	
	0.3
	0.3

	l
	0.6
	0.6

	ls
	0.5
	0.9

	lA
	3.7
	5.2

	lG
	1.4
	3.5

	lw
	3.5
	5.0

	l
	4.2
	5.0

	l(
	3.5
	10.0

	uc
	12.7
	33.0


Alternatively, participants may simply submit an overall uncertainty value. Ideally, for range based CMCs, the participant will submit both an uncertainty expression plus a value for each measurand. Each participant should mention any rounding that has been applied, in case it is significant. When submitting an uncertainty expression as an equation, the quantity equation format (similar to that used for CMCs) should be used, e.g. u = Q[32 nm, 1.2 × 10-6 L].
As well as stating a measurement uncertainty for each measurand, the participant should also state the calculated or assumed degrees of freedom. Both should be included in the Report.

Be certain to state the coverage factor (k) when including tables of uncertainties. If referring to uncertainties in the text, refer to standard or expanded uncertainties, as appropriate.

7 Analysis

7.1 Reference value

The calculation of a reference value based on a statistical approach makes no sense in a bilateral comparison. Usually, there is no reference value, except in the case, that artefacts are used, which were calibrated in another comparison and its values were not known to the participants, or if the measurement uncertainty of the pilot laboratory is much smaller than the uncertainty of the second laboratory and the pilot's capability has been proven in another key comparison. In any case, the concept of a reference value has no influence on the determination of the degree of equivalence between the two laboratories.

7.2 Calculation of Degrees of Equivalence

Each laboratory reports for each measurand a value, xi , and its associated standard uncertainty u(xi).
The Degree of Equivalence, DoE, for between the laboratories' results is calculated simply as 
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The En values are given by


[image: image4.wmf])

(

)

(

2

2

2

1

2

2

1

x

u

x

u

x

x

E

n

+

-

=

.

Table 6. Degrees of equivalence,  associated expanded uncertainties with k = 2 and En values.
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	En

	2’10282
	-3
	28
	-0.11

	3’23288
	-2.5
	28
	-0.09

	21’23584
	-2.5
	28
	-0.09

	1’0071
	-16.5
	28
	-0.59


7.3 Discussion of results

Include some brief discussion of the result analysis. Show, that the obtained DoE are consistent with the CMCs claimed by the participant laboratories, if applicable.

7.4 Linking of result to another comparison

Comment on how the results are linked to another comparison. Usually, the pilot must have successfully participated in the corresponding key comparison with similar artefacts. Ideally the En values of the linking lab in the corresponding key comparison may be shown in order to provide evidence for a consistent linking, or at least the corresponding needs to be cited.

7.5 Support for CMCs/service categories

<Key Comparisons> The service categories and CMCs supported by this comparison can be found by looking up key comparison topic ???? in the CCL Competence Matrix
.

<Supplementary Comparisons> The service categories and CMCs supported by this comparison have been determined by reference to the CCL Competence Matrix. Although there is not a one-to-one mapping to service categories, the following principal techniques are tested by this comparison:

<select from the following list, or consult competence matrix>

Vacuum wavelength production/measurement; optical interferometry; silicon lattice spacing; air refractive index; gauge temperature measurement; thermal expansion correction; gauge mounting and aligning; effects of phase change on reflection; wringing; elastic compression correction; probe size calibration; dynamic probing response; stylus contact at surface with 1-D proving; bi-directional probing; probing for 3D centre coordinates; line centre sensing; measuring small angles; circular division for large angles; small angle generation; ISO parameter extraction from data; flatness determination; roundness determination; measurement of thread/gear profiles; 3D surface evaluation; error separation; extraction of geometric primitives from data.

(Optional) Appendix A Equipment and measuring processes of the participants

If a wide range of equipment or techniques has been used, or if participants have deviated from a standard measuring process, include an appendix describing the measurement methods and equipment. The participants can be asked to supply this information verbatim in a format ready for inclusion – often this is requested in the protocol document.

�This report template is based on the document CCL-WG-MRA-GD-3.2, modified and intended to be used in bilateral comparisons, where the evaluation of results and DoE can be largely simplified.


�V2 issued for 2024 WG meetings. Includes statement on which CMCs or service categories are supported.


�Usually stability and artefact degradation should not be an issue in bilateral comparisons, therefore these two chapters might be omitted.


�Guidance document CIPM MRA-G-11 requires that “A statement indicating which service categories/CMCs can be supported by the comparison, or criteria to identify such categories/CMCs (i.e., ‘how far the light shines’)”. The 2021 WGMRA meeting gave guidance that for key comparisons, the protocol document should simply include a reference to the competence matrix. For supplementary comparisons, the protocol should simply list the relevant principal techniques from the competence matrix� that are tested by the comparison. 





The competence matrix is maintained by WG-S; it can be found in either the CCL Strategy Document or as a meeting document from the most recent meeting. At the time of writing this protocol template, the most up-to-date copy of the competence matrix can be found as meeting document � HYPERLINK "https://www.bipm.org/documents/20126/61813408/WGMRA_21-09.01_Competence_Matrix.pptx/cac06c8e-127e-a222-9131-da80e356f9a7" ��WGMRA 21-09.01�. 
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