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1. Document control 
Version Draft A Issued on May 2024. 
 2nd Version Draft A Issued on October 2024.  
3rd  Version Draft A Issued on November 2024  
Version Draft B Issued on November 2024 
2nd Version Draft B Issued on September2025 
Final report  Issued on October 2025 
 

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. 

The SIM TC for Length decided in June 2019 upon a supplementary comparison on short gauge blocks 

(GB) (length ≤ 100 mm) calibration by mechanical comparison, named SIM.L-S7.2019, with INTI as the 

pilot laboratory, CENAM as the co-pilot laboratory and NRC as a non-participant viewer. The SIM 

comparison was registered in October 2019, and measurements started in January 2020. 

Reference values from the deviation of central length measured by interferometry were provided by 

INTI and NIST. INTI performed three interferometric measurements: one before the circulation of the 

GB started (2019), one as intermediate check at the middle of the exercise (2021), and a last one once 

the GB returned to Argentina (2024). NIST performed one interferometric measurement along with 

the mechanical comparison measurement (2020). 

Reference values from fo and fu were provided by CENAM. They were determined by Mechanical 

Comparison (the variations between readings at the center and at the four corners of the measuring 

faces, approximately 1.5 mm from the side faces). CENAM took three fo and fu measurements: one at 

the beginning of the comparison, one intermediate check, and a last one before sending the GB to 

PAI (NMI of Kuwait). 

The procedures outlined in the SIM.L-S7 Protocol document covered the technical procedure to be 

followed during the measurements. A goal of the SIM supplementary comparisons is to demonstrate 

the equivalence of routine calibration services offered by NMIs to clients, as listed in Appendix C of 

the Mutual Recognition Arrangement (MRA). To this end, participants in this comparison agree to use 

the same apparatus and methods as routinely applied to client artifacts. 

Fifteen SIM and one GULFMET laboratories participated in the comparison: TTBS (Trinidad and 

Tobago), CENAM (México), INEN (Ecuador), CENAME (Guatemala), DICTUC (Chile), IBMETRO (Bolivia), 
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LATU(Uruguay), INM (Colombia), INTI (Argentina), CENAMEP (Panamá), INMETRO (Brazil), LACOMET 

(Costa Rica), BSJ (Jamaica), INACAL (Perú), NIST (United States), PAI (Kuwait). 

The comparison followed the guidelines for CIPM key comparisons (CIPM MRA-G-11). 
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3. Organization 
 
3.1 Participants  
 
 
 

Contact NMI Information 

Diego Bellelli 
(pilot) 

INTI, Instituto Nacional de Tecnología 
Industrial, Av. Vélez Sársfield 1561 CP 

X5000JKC, Córdoba ARGENTINA 

Tel. +54 351 4684835 Ext: 133 
Fax: +54 351 4681021 

e-mail: bellelli@inti.gob.ar 

Kevin Lemessy 

TTBS, Trinidad and Tobago Bureau of 
Standards 

Century Drive Trincity Industrial Estate 
Macoya Tanapuna TRINIDAD AND 

TOBAGO 

Tel. 868-662-8827 
Fax 868-663-4335 

e-mail: kevin.lemessy@ttbs.org.tt  

Miguel Viliesid 
Alonso 

Carlos Colín 
Castellanos 

CENAM, Centro Nacional de Metrología 
km 4,5 Carretera a los Cues, El Marqués 

CP 76241, Querétaro, MEXICO 

Tel. +52 442 211 0500 
Fax +52 442 211 0577 

e-mail: mviliesi@cenam.mx 
e-mail: ccolin@cenam.mx 

 
Alex Rocha 

 
Gabriela Burgos 

 
Edison Condor 

 
INEN, Servicio Ecuatoriano de 

Normalización 
Autopista General Rumiñahui, Puente No. 

5 (sector Conocoto), Quito - ECUADOR. 

Tel. 593 2 3825 960 
Fax 593 2 3931 010 

email: 
arocha@normalizacion.gob.ec 

gburgos@normalizacion.gob.ec 
econdor@normalizacion.gob.ec 

Carola Garcia 
CENAME, Centro Nacional de Metrología 

Calzada Atanasio Tzul 27-32, GUATEMALA 
Tel. 502 2247 2600 

e-mail: cbgarcia@mineco.gob.gt 

Patricia Suazo 
Alexis Illanes 

DICTUC, Laboratorio Nacional de 
Longitud 

Avenida Vicuña Mackenna 4860 – Macul 
– 

Santiago – (edificio nº 9 metrología), 
CHILE 

Tel. 56 2 3544624 
Fax 56 2 3544624 

e-mail: psuazo@dictuc.cl  
              e-mail: a.illanes@dictuc.cl  

Romer Larico 
Mijael Mamani 

IBMETRO, Instituto Boliviano de 
Metrología 

Av. Camacho No. 1488 
La Paz, BOLIVIA 

Tel. 591 2 2372046 
Fax 591 2 2310037 

e-mail: rlarico@ibmetro.gob.bo 
e-mail: mmamani@ibmetro.gob.bo 

Alejandro 
Acquarone 

LATU, Laboratorio Tecnológico del 
Uruguay 

Avenida Italia 6201, Montevideo, 
URUGUAY - CP 11500 

Tel. 598 2 601 3724 ext 1189 
Fax 598 2 601 8554 

e-mail: aacqua@latu.org.uy 

Victor Hugo Gil 
David Plazas 

Jorge Luis Galvis 

INM, Instituto Nacional de Metrología de 
Colombia 

Av. Carrera 50 No 26 - 55 Int. 2 Bogotá, 
D.C. - COLOMBIA 

Tel. (571) 2542222 
e-mail: vgil@inm.gov.co 

e-mail: daplazas@inm.gov.co 
e-mail: jlugalvis@inm.gov.co  
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Contact NMI Information 

José Kuruc 
Centro Nacional de Metrología de 

Panamá AIP, Ciudad de Panamá, Ciudad 
del Saber, Edificio 206, PANAMÁ 

Tel. +507 517-3100 
e-mail: jkuruc@cenamep.org.pa 

Wellington S. 
Barros 

INMETRO, Instituto Nacional de 
Metrologia, 

Normalização e Qualidade Industrial. 
Av. N.Sra. das Graças, 50 – Villa Operária 

– 
Xerém – Duque de Caixas – RJ. CEP 

25250-020, BRASIL 

Tel. +55 21 2679-9271 
Fax +55 21 2679-9207 

e-mail: wsbarros@inmetro.go.br 

Leonardo Rojas 

LACOMET, Laboratorio Costarricense de 
Metrología. 

Ciudad de la Investigación de la UCR, San 
Pedro, San José, Costa Rica. (De la Muñoz 

y Nanne en San Pedro, 500 m hacia el 
Norte). 

Tel. +506 4060-1020 
Fax +506 2283-5133 

e-mail: lrojas@lacomet.go.cr 

Tomokie Burton 
BSJ, Bureau of Standards, Jamaica 

6 Winchester Rd., 
Kingston 10. JAMAICA 

Tel.: 926-3140-5 ext. 1102 
Fax: 929-4736 

e-mail: tburton@bsj.org.jm 

Daniel Cano 
INACAL, Instituto Nacional de la Calidad, 
Calle De La Prosa N° 150 San Borja, Lima 

41, PERÚ 

Tel. 511 640 8820 Ext 1513 
e-mail: dcano@inacal.gob.pe 

Eric Stanfield 

NIST, National Institute of Standards and 
Technology 

Building 220, Room A109, 
Gaithersburg, MD 20899-8211 USA 

Tel. 1 301 975 4882 
Fax  1 301 975 8291 

e-mail: eric.stanfield@nist.gov 

Tahani R. Alrubah 
 

Kholoud Ibrahim 
Mohammad 

PAI, Calibration and Measurement 
Laboratory, Public Authority for Industry 

Calibration and Measurement 
Laboratory, Public Authority for Industry 

(PAI), Kuwait Alrai Street No 333 

Tel: 0096599772427 
0096591107667 

e-mail: t.alrabbah@pai.gov.kw  
k.mohammad@pai.gov.kw  

 
Table 1 – Participants 
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3.2 Circulation 
 

The comparison started with INTI, as the pilot laboratory measuring the (GB) by interferometry, then 
CENAM measured fo and fu by mechanical comparison, followed by all the participants, including an 
intermediate check by INTI, and finished with INTI for verification of either drift or damage to the 
artifacts. During their turn, NIST also carried out their interferometric measurements. 
Each laboratory had one month (4 weeks) to perform the calibration and to ship the GB to the next 
laboratory.  

There were several important delays from the initial schedule established in the measurement 
protocol. The first delay occurred after the DICTUC concluded their measurements and was due to 
the Covid-19 Pandemic and some of the following participants closed their operations. The initial 
schedule was changed to allow the laboratories, which were not closed, to perform their 
measurements. The second delay was due to customs clearance at INMETRO before the GB came 
back to Argentina to perform intermediate interferometric measurements.  Further delays occurred 
at customs when the GB were shipped from INEN to INM, and finally, another important delay 
occurred at customs in Peru (when arriving and leaving Peru) when the GB were going from IBMETRO 
to INACAL and from INACAL to CENAM. 
The final circulation schedule is shown in Table 2. 

Region Laboratory Measurement Date 

 
 
 
 

SIM 

CENAM  January 2020 

LATU February 2020 

DICTUC March 2020 

LACOMET August - Sept 2020 

NIST October 2020 

CENAMEP January 2021 

CENAM (intermediate fo 
and fu) 

February 2021 

INTI (mechanical) August 2021 

INTI (intermediate check) September 2021 

INEN February 2022 

INM May 2022 

BSJ June 2022 

TTBS  July 2022 

INMETRO September 2022 

CENAME November 2022 

IBMETRO January 2023 

INACAL June 2023 

CENAM (fo and fu final) August 2023 

GULFMET PAI September 2023 

SIM INTI (final check) January 2024 

Table 2 – Final circulation schedule 
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4. Description of artifacts 
 

 A set of six steel GB was selected for this comparison, with nominal lengths of 0.5, 2.5, 10, 25, 60 and 
100 mm.  They are shown inside their shipping casing in figure 1. 
 

 
 

 

Figure 1 – Gauge blocks 

 

A thermal expansion coefficient of 11.5 (10-6 K-1), stated by the manufacturer should be used for all corrections. 
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5. Measurement Instructions  
 
5.1 Definitions 
 
 The main measurand is the deviation of the central length of the GB with respect to its nominal 
length, as defined in ISO 3650. The central length is determined by mechanical comparison by 
comparing against the laboratory reference gauge block by means of an appropriate GB comparator.  
If capable, participants shall also determine a second measurand used to calculate the variation in 
length across the surface of each gauge by measuring at five points on the surface of each GB, the 
four corners and the center, and determining afterwards fo and fu as defined in ISO 3650. 
 The GB should be measured by mechanical comparison against the laboratory’s reference GB, 
applying the regular calibration procedure used for their customers. 
  
 The measurands for each gauge block are the following: 
 1) Deviation of the central length d (P1 in figure 2) is the difference between the measured 
central length lc and the nominal length ln, calculated as: 
  

d = lc – ln          (1) 
 

 
  

 

 

 

 

Figure 2 - Measuring points 
 
 2) If the participant is capable, points P2 to P5 (figure 2) must be measured. These values are 
then used to calculate fo and fu, for each gauge by the participants, according to ISO 3650. 
  
 fo is calculated as follows: 

fo = lmax-lc        (2) 
 fu  is calculated as follows: 

fu = lc-lmin            (3) 
  

P1 

P3 

P2 

P4 

P5 
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 where lmax and lmin are the maximum and the minimum measured lengths from points 
P2 through P5 as shown in Figure 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 - Definitions according to ISO 3650 
 

 

5.2 Measurement methods 
 
The participants were requested to measure the GB by applying the regular procedure the laboratory 
uses in their calibration service. We identify as “Face A” the measuring face showing the inscriptions 
of nominal length, identification number and manufacturer for GBs with nominal length < 6 mm; and 
those marked with these inscriptions on the righthand side for longer GB (see Figures 4 and 5). The 
other face is identified as “Face B”. 

To perform their measurements the GB should be positioned as indicated in figures 4 and 5: 

 

 

 

 

 
 

Figure 4 - Gauge Block with nominal length < 6 mm 
 

lc lmáx 

lmín 

fu 

fo 

Face A 
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Figure 5 - Gauge block with nominal length  6 mm 
 

6. Measurement uncertainties 
 
The uncertainty of measurement was reported by the participants according to the ISO Guide for the 
Expression of Uncertainty in Measurement. The detailed uncertainty budget of the participants was 
also requested, and they appear in Annex D. 

 

7.  Instrument used, traceability and CMC entry by the participants 
 
Table 3 shows a brief description of the instrument used, how is traceability of measurement 
achieved, and the CMC stated uncertainty by the participants.  

 

Participant Instrument and Reference GB Traceability 
CMC Quoted 
Uncertainty 

KCDB 
Uncertainty 

CENAM 

TESA upd 525 mm GB double probe 
comparator, 2 nm resolution. 

Measurement span 25 mm 

Steel gauge blocks calibrated by 
interferometry 

CENAM 
Q[21, 0.49L] nm 

L in mm  k=2 
Q[29, 0.94L] nm L 

in mm  k=2 

LATU 

Mahr 100 mm gauge block 
comparator, model 826, 

Steel gauge blocks calibrated by 
interferometry 

PTB 

CENAM 

Q[61,  0.89L] nm 
L in  mm (k=2) 

Q[65,  0.89L] nm L 
in mm (k=2) 

DICTUC 

 Double probe Tesa UPC  100 mm 
gauge block comparator 

Steel Gauge blocks calibrated by 
interferometry 

PTB calibrated 
gauge blocks 

PTB 
calibration 

60 nm + 0.6 * 
10-6 L 

(k=2) 

60+0.6L nm 

L in mm (k=2) 

LACOMET 

 

Tesa Mechanical gauge block 
comparator 

Ceramic gauge blocks calibrated by 
interferometry 

CENAM 

 

CENAM 

Q[0.041 µm, 
0.42x10-6L] 

(k=2) 

----- 

Face A 
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NIST 

Two contact point 100 mm Mahr / 
Federal comparator, model 130B-

24 

 

 

Master blocks 
measured on a 

continuous 
cycle by 

interferometry 
at NIST. 

Traceability 
to the SI unit 

of length, m, is 
through the 

vacuum 
wavelength of 

the 633 nm 
He-Ne laser 
 calibrated 
periodically 
against the 
NIST Iodine 

stabilized laser 

13.4+0.14L [nm] 

L in mm 

(k=1) 

25+0.35L [nm] 

L in mm 

(k=2) 

CENAMEP 

Mitutoyo GBCD 100 mm gauge 
block comparator 

Ceramic gauge block set calibrated 
by interferometry 

Probe 
adjustments 

 

CENAM 

(0.0024L+0.002
2) µm L[mm] 

(k=2) 
----- 

INTI 

Double inductive TESA probing 
system, with vacuum pump for 
probe lifting, mounted in a anti 

vibrating table. All the measuring 
system is inside an isolating plastic 

thermal box. 

One thermistor temperature 
sensor for gauge blocks under 20 

mm (measures the table 
temperature) and 2 thermistor 
temperature sensors for gauge 

blocks from 20 mm up to 100 mm 

Steel gauge blocks calibrated by 
interferometry 

Argentinian 
realization of 

the meter and 
interferometri
c calibration of 

GB 

Q[40;0.92L] nm 
L[mm] 

(k=2) 

Q[40;0.92L] nm 
L[mm] 

(k=2) 

INEN 

Mahr 175 mm double probe 
differential comparator 

 

Steel gauge blocks calibrated by 
interferometry 

Tungsten 
carbide gauge 

blocks 
calibrated at 

CENAM 

CENAM 
Calibration 

 

Q[21.4;0.6L] nm 
L[mm] 

(k=1) 

----- 

INM 

 

Tesa UPD 500 mm gauge block 
comparator 

 

CENAM 
calibration 

 

Q[40,0.87L] nm 
L[mm] 

(k=2) 

0.03 +0.001L µm 

L in mm 

(k=2) 
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KOBA steel gauge blocks (1, 5, 10, 
15, 20, 25, 50, 75, 100) mm 
calibrated by interferometry 

Fluke Chub-E4 digital thermometer 

PTB 
calibration 

Internal 
calibration 

BSJ 

 

Mahr, Mechanical Gauge Block 
Comparator, model 2247386 

(130B-24) 

No information about reference GB 

Mahr 
calibration 

No 
information 

about 
traceability of 

GB 

Not informed ----- 

TTBS 

Gauge block comparator 

Grade K Steel gauge blocks 
calibrated by interferometry 

PTB 

NPL 

Q[21, 0.2L] [nm] 
L in mm 

(k=1) 

----- 

INMETRO 

Tesa 100 mm double probe 
electromechanical comparator 

Thermometer 

Steel gauge blocks calibrated by 
interferometry 

LAINT – 
INMETRO 

LATER – 
INMETRO 

LAMED - 
INMETRO 

Q[55, 0.9L] [nm] 
L in mm 

(k=2) 

Q[55, 0.9L] [nm] L 
in mm 

(k=2) 

CENAME 

Mahr 826 PC 170 mm Gauge blocks 
comparator 

Grade 0 Steel Gauge blocks 
(universal measuring machine 

calibrated) 

Thermometer 

Mahr 

Opus 
metrology / 
assicontrol 

CENAME 

(0.0025+0.0001
44 L) µm 

L in mm 

----- 

IBMETRO 

 

STEINMEYER 100 mm gauge block 
comparator 

Grade k steel gauge block set 
calibrated by interferometry 

Material Thermometer 

 

INTI 

 

JCSS - 
Mitutoyo 

LATU 

67+0.29 L nm (L 
in mm) 

(k =2) 

----- 

INACAL 

Mahr 100 mm Gauge block 
comparator 

Steel grade k gauge blocks 
calibrated by interferometry 

Thermometer 

INACAL 

CEM 

 

INACAL 

 

Q[45;0.610-6L] 

(k=1) 

Q[74, 0.61L] nm 

L in mm 

(k=2) 

PAI 

Ferinmess Suhl GMBH Gauge block  

ceramic grade 0 0.5 and 60 mm 
gauge block 

steel grade k 2.5, 10, 25 and 100 
mm gauge block calibrated by 

mechanical comparison 

 

TUKAK (UME) 
0.09 

µm+0.7x10-6 L (L 
in mm) (k=2) 

----- 

 Table 3 - Measurement methods and instrument used by the participants 
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8.  Stability of Artifacts 
 
The six GB used for the comparison are property of INTI and were manufactured more than twenty 
years ago, therefore, it is assumed they are stable. However, the stability during the circulation was 
verified by INTI by measuring the deviation of the central length by interferometry, at the start, at 
the middle and at the end of the circulation of the GB. To check stability of f0 and fu, CENAM also 
measured these parameters at the beginning, at the middle and at the end of the comparison. 

 

8.1 Deviation of the central length stability 

In order to check a possible change in the values of the deviation of the central length, the maximum 
difference measured by INTI by the interferometric method is calculated. 

Table 4 shows the apparent changes and the standard uncertainties. 

 

Nominal length 
/mm 

Apparent change 
/nm 

𝒖    
/nm 
(k=1) 

0.5 4 11 

2.5 7 11 

10 7 11 

25 7 13 

60 28 19 

100 13 28 

Table 4 – Deviation of the central length apparent changes 

 

From table 4 the apparent change in the deviation of the central length is between the informed 
uncertainty, so these apparent changes are considered not significant. 

Figures 6 to 11 show the opening, intermediate and closing measurements with their respective 
standard uncertainties for the deviation of the central length.  
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Figure 6 – 0.5 mm nominal length gauge block 

 

 
Figure 7 – 2.5 mm nominal length gauge block 

 

 
Figure 8 – 10 mm nominal length gauge block 
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Figure 9 – 25 mm nominal length gauge block 

 

 
Figure 10 – 60 mm nominal length gauge block

 

 
Figure 11 – 100 mm nominal length gauge block 
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8.2  fo stability 

In order to check a possible change in the value of fo, the maximum difference of the measured values 
by CENAM are calculated. Table 5 shows the apparent changes and the standard uncertainties. 

 

Nominal length 
/mm 

Apparent change 
/nm 

u  
/nm 
(k=1) 

0.5 2 9 

2.5 1 9 

10 0 9 

25 1 9 

60 0 9 

100 2 9 

 

Table 5 – fo apparent change 

 

From table 5 the apparent change in the deviation from central length are between the informed 
uncertainty, so these apparent changes are considered not significant. 

Figures 12 to 17 show the opening, intermediate and closing measurements with their respective 
standard uncertainties for fo.  

 

 
Figure 12 – 0.5 mm nominal length gauge block 

 

-5

0

5

10

15

20

CENAM 2020 CENAM 2021 CENAM 2023

fo
 -

lm
ax

-l
c 

/n
m

fo stability - 0.5 mm



SIM.L-S2.2.n01 Supplementary Comparison 
Calibration of Gauge Blocks by Mechanical Comparison Final Report 
 

SIM.L-S2.2.n01 Final report – October 2025  Pg. 18/95 
 

 
Figure 13 – 2.5 mm nominal length gauge block 

 

 
Figure 14 – 10 mm nominal length gauge block 

 

 
Figure 15 – 25 mm nominal length gauge block 
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Figure 16 – 60 mm nominal length gauge block 

 

 
Figure 17 – 100 mm nominal length gauge block 

 

-10

-8

-6

-4

-2

0

2

4

6

8

10

CENAM 2020 CENAM 2021 CENAM 2023

fo
 -

lm
ax

-l
c 

/n
m

fo stability - 60 mm

0

5

10

15

20

25

CENAM 2020 CENAM 2021 CENAM 2023

fo
 -

lm
ax

-l
c 

/n
m

fo stability - 100 mm



SIM.L-S2.2.n01 Supplementary Comparison 
Calibration of Gauge Blocks by Mechanical Comparison Final Report 
 

SIM.L-S2.2.n01 Final report – October 2025  Pg. 20/95 
 

8.3 fu stability 

To check a possible change in the value of fu, the maximum difference of the measured values by 
CENAM are calculated. Table 6 shows the apparent changes and the standard uncertainties. 

 

Nominal length 
/mm 

Apparent change 
/nm 

u  
/nm 
(k=1) 

0.5 5  9 

2.5 5 9 

10 6 9 

25 2 9 

60 2 9 

100 6 9 

 

Table 6 –fu apparent change 

From table 6 the apparent change in the deviation from central length are between the informed 
uncertainty, so these apparent changes are considered not significant. Figures 18 to 23 show the 
opening, intermediate and closing measurements with their respective standard uncertainties for fu.  

 

 
Figure 18 – 0.5 mm nominal length gauge block 
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Figure 19 – 2.5 mm nominal length gauge block 

 

 
Figure 20 – 10 mm nominal length gauge block 

 

 
Figure 21 – 25 mm nominal length gauge block 
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Figure 22 – 60 mm nominal length gauge block 

 
Figure 23 – 100 mm nominal length gauge block 
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9.  Reporting of results  
9.1 Deviation of the central length 
The submitted results are indicated in tables 7 to 12 for each gauge block for the deviation of central 
length, while u(xi) is the standard uncertainty.  
 

NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM 44 11 

LATU 35 24 

DICTUC 30 31 

INACAL 0 46 

INMETRO 31 30 

CENAMEP 46 15 

INTI 46 20 

NIST 44 14 

TTBS 10 21 

BSJ 43 20 

LACOMET 79 38 

CENAME 0 43 

IBMETRO 47 30 

INEN 70 22 

INM 22 20 

PAI 180 30 

 
Table 7 – 0.5 mm gauge block deviation of the central length results 
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NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM 33 11 

LATU 39 24 

DICTUC 20 31 

INACAL 0 46 

INMETRO 69 30 

CENAMEP 37 15 

INTI 49 20 

NIST 39 14 

TTBS 20 21 

BSJ 28 13 

LACOMET 46 41 

CENAME 0 43 

IBMETRO 34 30 

INEN 50 22 

INM 2 20 

PAI 60 28 

 
Table 8 – 2.5 mm gauge block deviation of the central length results  

 

NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM -7 11 

LATU -22 27 

DICTUC -40 31 

INACAL 0 46 

INMETRO 12 30 

CENAMEP 2 20 

INTI 47 21 

NIST -20 15 

TTBS 0 21 

BSJ -13 21 

LACOMET 31 50 

CENAME 0 43 

IBMETRO -10 35 

INEN 10 22 

INM -56 20 

PAI 20 28 

 
Table 9 – 10 mm gauge block deviation of the central length results  
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NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM 29 12 

LATU 44 26 

DICTUC 20 31 

INACAL 0 48 

INMETRO 80 31 

CENAMEP 12 37 

INTI 49 23 

NIST 25 17 

TTBS 30 22 

BSJ 2 40 

LACOMET 114 70 

CENAME 0 53 

IBMETRO 34 35 

INEN 0 26 

INM -2 23 

PAI 80 29 

 
Table 10 – 25 mm gauge block deviation of the central length results  

 

NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM -153 18 

LATU -119 34 

DICTUC -160 32 

INACAL 0 59 

INMETRO(1) -- -- 

CENAMEP -241 84 

INTI -110 34 

NIST -159 22 

TTBS -130 24 

BSJ -139 76 

LACOMET -50 115 

CENAME 0 44 

IBMETRO -147 40 

INEN -140 42 

INM -175 30 

PAI 600 40 

 
Table 11 – 60 mm gauge block deviation of the central length results  
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NMI 
Deviation of the central length 

/nm 
u(xi) (k=1) 

/nm 

CENAM -33 27 

LATU -71 56 

DICTUC -50 34 

INACAL 0 77 

INMETRO -30 48 

CENAMEP -198 131 

INTI -24 50 

NIST -35 27 

TTBS -110 29 

BSJ -42 150 

LACOMET 157 167 

CENAME 0 91 

IBMETRO -61 40 

INEN -20 64 

INM -46 48 

PAI 220 45 

 
Table 12 – 100 mm gauge block deviation of the central length results  

9.2 fo and fu results 
The submitted results are indicated in tables 13 to 18 for each gauge block for 𝑓𝑜  and 𝑓𝑢, while u(Xi) 
is the standard uncertainty.  
 

NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 31 16 28 

DICTUC 10 0 25 

INACAL 0 0 24 

INMETRO 10 8 42 

CENAMEP 45 31 22 

INTI 10 4 25 

NIST(2) -- -- -- 

TTBS 20 0 30 

BSJ(2) -- -- -- 

LACOMET 400 2990 38 

CENAME 16 12 4 

IBMETRO 23 3 30 

INEN 10 80 17 

INM 10 20 17 

PAI 10 10 19 

 
Table 13 – 0.5 mm gauge block fo and fu results 
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NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 0 43 22 

DICTUC 0 50 25 

INACAL 0 0 24 

INMETRO 3 3 42 

CENAMEP 0 26 8 

INTI 3 27 25 

NIST(2) -- -- -- 

TTBS 0 40 30 

BSJ(2) -- -- -- 

LACOMET 290 -150 41 

CENAME 8 10 4 

IBMETRO 3 10 30 

INEN 20 20 17 

INM 0 30 17 

PAI 0 20 19 

 
Table 14 – 2.5 mm gauge block fo and fu results 

 

NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 0 62 19 

DICTUC 20 30 25 

INACAL 0 0 24 

INMETRO 0 49 42 

CENAMEP 0 81 24 

INTI 2 54 25 

NIST(2) -- -- -- 

TTBS 0 40 30 

BSJ(2) -- -- -- 

LACOMET -28 -110 50 

CENAME 22 56 5 

IBMETRO 2 45 30 

INEN 0 100 17 

INM 0 50 17 

PAI 0 30 19 

 
 Table 15 – 10 mm gauge block fo and fu results 
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NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 0 49 19 

DICTUC 20 40 25 

INACAL 0 0 25 

INMETRO 0 25 44 

CENAMEP 0 26 8 

INTI 3 29 25 

NIST(2) -- -- -- 
TTBS 20 30 31 

BSJ(2) -- -- -- 
LACOMET 120 -80 70 

CENAME 20 42 4 

IBMETRO 23 30 30 

INEN 0 70 17 

INM 0 30 17 

PAI 0 50 19 

 
Table 16 – 25 mm gauge block fo and fu results 

 

NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 0 87 21 

DICTUC 40 60 25 

INACAL 0 0 31 

INMETRO(1) -- -- -- 

CENAMEP 0 73 21 

INTI 3 74 25 

NIST(2) -- -- -- 
TTBS 40 50 34 

BSJ(2) -- -- -- 
LACOMET 100 110 115 

CENAME 49 81 7 

IBMETRO 0 63 30 

INEN 0 110 17 

INM 0 80 17 

PAI 0 50 19 

 
Table 17 – 60 mm gauge block fo and fu results 
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NMI fo /nm  fu /nm 
u(xi) (k=1) 

/nm 

LATU 23 46 39 

DICTUC 60 20 25 

INACAL 0 0 41 

INMETRO 24 76 67 

CENAMEP 5 99 30 

INTI 12 86 25 

NIST(2) -- -- -- 
TTBS 20 110 41 

BSJ(2) -- -- -- 
LACOMET 360 -280 167 

CENAME 53 41 15 

IBMETRO 68 35 30 

INEN 0 100 17 

INM 30 120 17 

PAI 10 30 19 

 
Table 18 – 100 mm gauge block fo and fu results 

(1) INMETRO do not have a 60 mm reference gauge block 
(2) These NMI´s did not informed fo and fu 

 
10.  Analysis of results 

 
The supplementary comparison reference value for the deviation of the central length is calculated 
for each GB as the weighted mean of the interferometric measurements performed by INTI and NIST 
(INTI reference value is calculated as the average value of the three measurements performed by 
INTI). The  degree of equivalence for each laboratory and each artifact with respect to the reference 
values are evaluated using 𝐸𝑁values. For the interferometric submitted results, the weighted mean 
𝑋𝑊 of the n submitted values 𝑋𝑖is: 
 

𝑋𝑤 = ∑ 𝑊𝑖𝑋𝑖

𝑛=2

𝑖=1

              (4) 

 
where the weight Wi of each value is given by: 
 

𝑊𝑖 = 𝐶
1

[𝑢(𝑋𝑖)]2
  , 𝑖 = 1,2      (5) 

 
with the normalizing factor C: 

𝐶 =
1

∑ [
1

𝑢(𝑋𝑖)
]

2
𝑛=2
𝑖=1

     (6) 
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The uncertainty of the weighted mean 𝑋𝑊 is given by the internal (submitted uncertainties) and 
external (spread of results) standard uncertainty: 

𝑢𝑖𝑛𝑡(𝑋𝑤) =
√

1

∑ [
1

𝑢(𝑋𝑖)2]𝑛
𝑖=1

     (7) 

 

𝑢𝑒𝑥𝑡(𝑋𝑤) = √
1

(𝑛 − 1)

∑ 𝑊𝑖(𝑋𝑖 − 𝑋𝑤)2𝑛
𝑖=1

∑ 𝑊𝑖
𝑛
𝑖=1

       (8) 

The consistency of each result with the weighted mean XW and their corresponding uncertainties is 
calculated by En: 

𝐸𝑛 =
𝑋𝑖 − 𝑋𝑤

√𝑢(𝑋𝑖)2 + 𝑢𝑖𝑛𝑡(𝑋𝑤)2
     (9) 

 
 En values less than 2.0 (superior En limit (k=1)) and higher than -2.0 (inferior En limit (k=1)) are 
expected with a coverage factor k=1. 

The supplementary comparison  reference value for fo and fu is calculated on a gauge-per-gauge basis 
as the mean measurements results performed by CENAM (opening, intermediate and closing 
measurements). 

 
10.1 Deviation of the central length results 
  

Table 19 shows the weighted mean XW, the internal and external standard deviation. 

The Table 20 shows the differences of the submitted results from the calculated CRV (the weighted 
mean XW) and the En values for k = 1. 

The interferometric values of INTI contribute only once to the calculation of the  reference values, 
with the mean of the interferometric measurements. 

Figures 24 to 29 show the submitted results with the standard uncertainties and the weighted mean 
XW ± the internal uncertainty uint (XW) 

 

 REFERENCE VALUE 

Nominal 
length  
/mm 

Xw  
/nm 

uint (Xw) 
/nm 

uext (Xw) 
/nm 

0.5 37.9 7.5 5.5 

2.5 26.8 7.5 2.7 

10 -24.5 7.9 0.5 

25 23.2 8.9 3.7 

60 -159.6 11.8 10.7 

100 -40.0 15.3 3.7 

Table 19 – Deviation from central length  reference value 
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 DEGREE OF EQUIVALENCE FOR EACH LABORATORY 

Nominal 
length 
/mm 

CENAM LATU DICTUC INACAL 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 6.1 0.5 -2.9 -0.1 -7.9 -0.2 -37.9 -0.8 

2.5 6.2 0.5 12.2 0.5 -6.8 -0.2 -26.7 -0.6 

10 17.5 1.3 2.5 0.1 -15.5 -0.5 24.5 0.5 

25 5.8 0.4 20.8 0.8 -3.2 -0.1 -23.2 -0.5 

60 6.6 0.3 40.6 1.1 -0.4 0.0 159.5 2.7 

100 7.0 0.2 -31.0 -0.5 -10.0 -0.3 40.0 0.5 

Nominal 
length 
/mm 

INMETRO CENAMEP INTI NIST 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 -6.9 -0.2 7.8 0.5 8.1 0.4 6.1 0.4 

2.5 42.2 1.4 10.4 0.6 22.2 1.0 12.2 0.8 

10 36.5 1.2 26.1 1.2 71.5 3.2 4.5 0.3 

25 56.8 1.8 -11.6 -0.3 25.8 1.0 1.8 0.1 

60 -- -- -80.9 -1.0 49.6 1.4 0.6 0.0 

100 10.0 0.2 -158.0 -1.2 16.0 0.3 5.0 0.2 

Nominal 
length 
/mm 

TTBS BSJ LACOMET CENAME 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 -27.9 -1.2 5.1 0.2 41.1 1.1 -37.9 -0.9 

2.5 -6.8 -0.3 1.2 0.1 19.2 0.5 -26.8 -0.6 

10 24.5 1.1 11.5 0.5 55.5 1.1 24.5 0.6 

25 6.8 0.3 -21.2 -0.5 90.8 1.3 -23.2 -0.4 

60 29.6 1.1 20.6 0.3 109.6 0.9 159.6 3.5 

100 -70.0 -2.1 -2.0 0.0 197.0 1.2 40.0 0.4 

Nominal 
length 
/mm 

IBMETRO INEN INM PAI 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 9.1 0.3 32.1 1.4 -15.9 -0.7 142.1 4.6 

2.5 7.2 0.2 23.2 1.0 -24.8 -1.2 33.2 1.1 

10 14.5 0.4 34.5 1.5 -31.5 -1.5 44.5 1.5 

25 10.8 0.3 -23.2 -0.8 -25.2 -1.0 56.8 1.9 

60 12.6 0.3 19.6 0.5 -15.4 -0.5 759.6 18.1 

100 -21.0 -0.5 20.0 0.3 -6.0 -0.1 260.0 5.5 

 
Table 20 – Deviation from central length degree of equivalence 

En values that are higher than 2.0 (superior En limit (k=1)) and less than -2.0 (inferior En limit (k=1)) are colored 
in red 
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Figure 24 – Deviation from central length submitted results and (XW ± uint), 0.5 mm gauge block 

 

 
Figure 25 – Deviation from central length submitted results and (XW ± uint), 2.5 mm gauge block 
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Figure 26 – Deviation from central length submitted results and (XW ± uint), 10 mm gauge block 

 

 
Figure 27 – Deviation from central length submitted results and (XW ± uint), 25 mm gauge block 
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Figure 28 – Deviation from central length submitted results and (XW ± uint), 60 mm gauge block 

To improve visualization, PAI results are not visible. 

 

 
Figure 29 – Deviation from central length submitted results and (XW ± uint), 100 mm gauge block 
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10.2 fo results 
Table 21 shows the weighted mean XW, and the standard uncertainty (k=1) for the  reference values 
of fo. 

Table 22 shows the differences of the submitted results from the calculated CRV (the weighted mean 
XW) and the En values for k = 1. 

The arithmetic mean of three mechanical measurements of CENAM were used as reference values 
for fo. 

Figures 30 to 35 show the submitted results with the standard uncertainties and the XW ± uncertainty 
u(XW). 

 
 

 REFERENCE VALUE 

Nominal 
length  
/mm 

Xw  
/nm 

u(Xw) (k=1) 
/nm 

0.5 9.3 8.4 

2.5 2.3 8.4 

10 0.0 8.4 

25 0.3 8.4 

60 0.0 8.4 

100 10.0 8.4 

Table 21 – fo reference value 
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 DEGREE OF EQUIVALENCE FOR EACH LABORATORY 

Nominal 
length 
/mm 

LATU DICTUC INACAL INMETRO 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 21.7 0.7 0.7 0.0 -9.6 -0.4 0.7 0.0 

2.5 -2.3 -0.1 -2.3 -0.1 -2.4 -0.1 0.7 0.0 

10 0.0 0.0 20.0 0.8 0.1 0.0 0.0 0.0 

25 -0.3 0.0 19.7 0.7 -0.3 0.0 -0.3 0.0 

60 0.0 0.0 40.0 1.5 -0.1 0.0 -- -- 

100 13.0 0.3 50.0 1.9 -10.3 -0.2 14.0 0.2 

Nominal 
length 
/mm 

CENAMEP INTI NIST TTBS 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 35.7 1.5 0.7 0.0 -- -- 10.7 0.3 

2.5 -2.3 -0.2 0.7 0.0 -- -- -2.3 -0.1 

10 0.0 0.0 2.0 0.1 -- -- 0.0 0.0 

25 -0.3 0.0 2.7 0.1 -- -- 19.7 0.6 

60 0.0 0.0 3.0 0.1 -- -- 40.0 1.1 

100 -5.0 -0.2 2.0 0.1 -- -- 10.0 0.2 

Nominal 
length 
/mm 

BSJ LACOMET CENAME IBMETRO 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 -- -- 390.7 10.0 6.7 0.7 13.7 0.4 

2.5 -- -- 287.7 6.9 6.1 0.7 0.7 0.0 

10 -- -- -28.0 -0.5 22.0 2.2 2.0 0.1 

25 -- -- 119.7 1.7 19.3 2.1 22.7 0.7 

60 -- -- 100.0 0.9 49.2 4.4 0.0 0.0 

100 -- -- 350.0 2.1 42.8 2.5 58.0 1.9 

Nominal 
length 
/mm 

INEN INM PAI 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 0.7 0.0 0.7 0.0 0.7 0.0 

2.5 17.7 0.9 -2.3 -0.1 -2.3 -0.1 

10 0.0 0.0 0.0 0.0 0.0 0.0 

25 -0.3 0.0 -0.3 0.0 -0.3 0.0 

60 0.0 0.0 0.0 0.0 0.0 0.0 

100 -10.0 -0.5 20.0 1.1 0.0 0.0 

Table 22 – fo  degree of equivalence 
 

En values that are higher than 2.0 (superior En limit (k=1)) and less than -2.0 (inferior En limit (k=1)) are colored 
in red 
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Figure 30 – Submitted results and (XW ± uint), 0.5 mm gauge block  

To improve visualization, LACOMET results are not visible. 

 
 

 
Figure 31 – Submitted results and (XW ± uint), 2.5 mm gauge block  

To improve visualization, LACOMET results are not visible. 
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Figure 32 – Submitted results and (XW ± uint), 10 mm gauge block  

 

 
Figure 33 – Submitted results and (XW ± uint), 25 mm gauge block  
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Figure 34 – Submitted results and (XW ± uint), 60 mm gauge block  

 

 

 
Figure 35 – Submitted results and (XW ± uint), 100 mm gauge block  

To improve visualization, LACOMET results are not visible. 
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10.3 fu results 
 
Table 23 shows the weighted mean XW, and the standard uncertainty (k=1) for the  reference values 
of fu. 

Table 24 shows the differences of the submitted results from the calculated CRV (the weighted mean 
XW) and the En values for k = 1. 

The mean of three mechanical measurements of CENAM were used as reference values for fu. 

Figures 36 to 41 show the submitted results with the standard uncertainties and the XW ± uncertainty 
u(XW). 

 
 

 REFERENCE VALUE 

Nominal 
length  

/mm 

Xw  
/nm 

u(Xw) (k=1) 
/nm 

0.5 2.7 8.4 

2.5 28.3 8.4 

10 62.7 8.4 

25 31.0 8.4 

60 76.3 8.4 

100 82.7 8.4 

Table 23 – fu  reference value 
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 DEGREE OF EQUIVALENCE FOR EACH LABORATORY 

Nominal 
length 
/mm 

LATU DICTUC INACAL INMETRO 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 13.3 0.5 -2.7 -0.1 -2.4 -0.1 5.3 0.1 

2.5 14.7 0.6 21.7 0.8 -28.3 -1.1 -25.3 -0.6 

10 -0.7 0.0 -32.7 -1.2 -62.7 -2.4 -13.7 -0.3 

25 18.0 0.9 9.0 0.3 -31.0 -1.2 -6.0 -0.1 

60 10.7 0.5 -16.3 -0.6 -76.1 -2.4 -- -- 

100 -36.7 -0.9 -62.7 -2.4 -82.3 -2.0 -6.7 -0.1 

Nominal 
length 
/mm 

CENAMEP INTI NIST TTBS 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 28.0 1.2 1.3 0.1 -- -- -2.7 -0.1 

2.5 -1.9 -0.2 -1.3 -0.1 -- -- 11.7 0.4 

10 18.7 0.7 -8.7 -0.3 -- -- -22.7 -0.7 

25 -4.6 -0.4 -2.0 -0.1 -- -- -1.0 0.0 

60 -3.4 -0.2 -2.3 -0.1 -- -- -26.3 -0.8 

100 16.6 0.5 3.3 0.1 -- -- 27.3 0.7 

Nominal 
length 
/mm 

BSJ LACOMET CENAME IBMETRO 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 -- -- 2987.3 76.6 9.3 1.0 0.3 0.0 

2.5 -- -- -178.3 -4.3 -18.7 -2.0 -18.3 -0.6 

10 -- -- -172.7 -3.4 -6.7 -0.7 -17.7 -0.6 

25 -- -- -111.0 -1.6 11.4 1.2 -1.0 0.0 

60 -- -- 33.7 0.3 4.5 0.4 -13.3 -0.4 

100 -- -- -362.7 -2.2 -41.5 -2.4 -47.7 -1.5 

Nominal 
length 
/mm 

INEN INM PAI 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 77.3 4.1 17.3 0.9 7.3 0.3 

2.5 -8.3 -0.4 1.7 0.1 -8.3 -0.4 

10 37.3 2.0 -12.7 -0.7 -32.7 -1.5 

25 39.0 2.1 -1.0 -0.1 19.0 0.9 

60 33.7 1.8 3.7 0.2 -26.3 -1.2 

100 17.3 0.9 37.3 2.0 -52.7 -2.5 

 
Table 24 – fu  degree of equivalence 

 
En values that are higher than 2.0 (superior En limit (k=1)) and less than -2.0 (inferior En limit (k=1)) are colored 
in red 
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Figure 36 – Submitted results and (XW ± uint), 0.5 mm gauge block  

To improve visualization, LACOMET results are not visible. 

 
 

 
Figure 37 – Submitted results and (XW ± uint), 2.5 mm gauge block  

To improve visualization, LACOMET results are not visible. 
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Figure 38 – Submitted results and (XW ± uint), 10 mm gauge block  

To improve visualization, LACOMET results are not visible. 

 

 

Figure 39 – Submitted results and (XW ± uint), 25 mm gauge block  
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Figure 40 – Submitted results and (XW ± uint), 60 mm gauge block  

 
 

 
Figure 41 – Submitted results and (XW ± uint), 100 mm gauge block  

To improve visualization, LACOMET results are not visible. 
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11.  Conclusions 
 
Fifteen laboratories from SIM and one GULFMET laboratory participated in the SIM.L-S7.2019 
calibration of GB comparison. 

 
There were several important delays from the initial schedule established in the measurement 
protocol. The first delay occurred after the DICTUC measurements and was due to the Covid-19 
Pandemic and the temporary closure some of the next participants. Schedule was changed to allow 
the laboratories which were not closed, to perform their measurements. The second delay occurred 
due to customs clearance when the GB came back to Argentina to perform intermediate 
interferometric measurements. More delays occurred in customs when the GB were going from INEN 
to INM, and another important delay occurred in Perú customs (when arriving and leaving Perú) when 
the GB were going from IBMETRO to INACAL and to INACAL to CENAM. 
 
The apparent changes of the GB measured as the range of measured values of the deviation from 
central length, established between the opening, intermediate and closing interferometric 
measurements by INTI, and apparent change of fo and fu established as the range of measured values 
between the opening, intermediate and closing mechanical measurements by CENAM were not 
significant.  

All the measurements of all the participants have been carried out with GB comparators and a set of 
calibrated GBs. 

Some laboratories did not obtain good results of the measured parameters fo and fu, some 
laboratories do not have a good tolerance – uncertainty ratio (see Annex 1) that enables them to 
discriminate whether a GB is  grade 0  or not, according to the Standard. Further investigation is 
recommended. 

INACAL and LACOMET, had informed negative values for fo and fu which is not possible due to fo and 
fu definition (equations 2 and 3). Negative values of INCAL cannot be seen due to rounding of 
uncertainty decimals (tables 13 to 18). See INACAL Annex C page 85. 

Two laboratories had made mistakes in the unit of informed values. Annex C asked for values in nm 
and INACAL gave them in µm. CENAME gave the results in mm.   

After the first version of Draft A was published, INACAL sent the new values in nm and, CENAME was 
consulted by the pilot and copilot to check if there was a unit mistake, and CENAME changed for 
values in nm.   

The results of these changes are informed in chapter 15 “Analysis of results after units change” 

It is the opinion of this pilot laboratory that in the future, when this number of laboratories participate 
in a comparison, partial results (only En values) should be published. There has been four years since 
the first participant performed its measurement. 
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14. Analysis of results after units change 
In the following table it can be seen the degree of equivalence for INACAL and CENAME after the 
unit change for deviation from central length: 
 

DEGREE OF EQUIVALENCE FOR DEVIATION 
OF CENTRAL LENGTH 

Nominal 
length 
/mm 

INACAL CENAME 

Xi - XW 

/nm 
En 

Xi - XW 

/nm 
En 

0.5 2.1 0,0 -5,9 -0,1 

2.5 -16.8 -0.4 12,8 0,3 

10 4.5 0.1 -111,5 -2,5 

25 -73.2 -1.5 39,2 0,7 

60 -10.4 -0.2 477,6 10,3 

100 30.0 0.4 320,0 3,4 

Table 27 – Degree of equivalence after units change 
 

 
Figure 42 – Results after units change and (XW ± uint), 0.5 mm gauge block  
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Figure 43 – Results after units change and (XW ± uint), 2.5 mm gauge block  

 

 
Figure 44 – Results after units change and (XW ± uint), 10 mm gauge block  
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Figure 45 – Results after units change and (XW ± uint), 25 mm gauge block  

 

 
Figure 46 – Results after units change and (XW ± uint), 60 mm gauge block  
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Figure 47 – Results after units change and (XW ± uint), 100 mm gauge block  

 
15.  Annex C / Annex D / Annex E forms  
 
 
Measurements results, uncertainty of measurement informed by the participants and description of 
the measuring system/set-up  
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INTI 
 
Annex C 

 
Annex D 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory:

Nominal 

length

Deviation of the 

central length from 

the nominal length 

(lc-ln )

Uncertainty of 

central length 

(k =1)

Deviation 

from central 

length fo

(lmax -lc)

Deviation from 

central length 

fu

(lc-lmin )

Uncertainty 

(k =1) for fo 

and fu

Indentification 

number

[mm] [nm] [nm] [nm] [nm] [nm]

0.5 46 20 10 4 25 725292

2.5 49 20 3 27 25 525083

10 47 21 2 54 25 180342

25 49 23 3 29 25 3225200

50 -110 34 3 74 25 1425127

100 -24 50 12 86 25 1425351

Date: 12/8/2021 Name: Diego Bellelli

Por favor llenar las celdas azules / Please fill in the blue cells
INTI - Mechanical comparison
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Annex E form 

Annex E. Form of technical characteristics of the used instrument. 

 

Type. Model. Serial number. Measurement range 

mm 

Date of last calibration 

 

Double probing system 

 

 

 

 

 

UPC 16.10401041.901

906K 

0,01 03/10/2020 

 

Instrument description. 

 

Type of instrument: 

Double inductive TESA probing system, with vacuum pump for probe lifting, mounted in a anti vibrating table. Al the 

measuring system is inside a plastic thermal box. 

1 thermistor temperature sensor for GB under 20 mm (measures the table temperature) and 2 thermistor temperature sensor 

for GB from 20 mm up to 100 mm 

 

 

 

Traceability:  

Argentinian realization of the metre.  

 

 

 

Calibration method of your reference: 

 

Reference GB calibrated by interferometry 

 

 

Interval of temperature during measurements:  

20 ºC ± 0,25 ºC 

 

 

Laboratory: INTI 

Date: 17/08/2021 Name and Signature: Diego Bellelli 
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TTBS 
 
Annex C form 
 

 
Annex D form 
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Annex E form 
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CENAM 
 
Annex C form 

 
 
Annex D form 
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Annex E form 
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INEN 
 
Annex C form 
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Annex D form 
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Annex E form 
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CENAME 
 
Annex C form 

 
 

Laboratory:

Nominal 

length

Deviation of the 

central length from 

the nominal length 

(lc-ln )

Uncertainty of 

central length 

Deviation 

from central 

length fo

(lmax -lc)

Deviation from 

central length 

fu

(lc-lmin )

Uncertainty 

(k =1) for 

fo  and fu

Indentification 

number

[mm] [nm] [nm] [nm] [nm] [nm]

0.5 3.2 E-05 43.21 16 12 4.34 725292

2.5 3.96E-05 43.2 8.4 9.6 3.7 525083

10 -1.36E-04 43.21 22 56 5.33 180342

25 6.24E-05 52.6 19.6 42.4 3.74 3225200

50 -3.18E-04 44.62 49.2 80.8 7.2 1425127

100 2.80E-04 91.48 52.8 41.2 15.19 145351

Date:
8/3/2023 Name:

Carola 

Berioska 

García García 

Por favor llenar las celdas azules / Please fill in the blue cells
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Annex D form 
CENAME presented one Annex D form for each gauge block. To minimize this draft A length only 
Annex D for 0.5 mm gauge block is presented here. 
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Annex E form 
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DICTUC 
 
Annex C form 
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Annex D form 
DICTUC presented one Annex D form for each gauge block. To minimize this draft A length only Annex 
D for 0.5 mm gauge block is presented here. 
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Annex E form 
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IBMETRO 
 
Annex C form 
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Annex D form 
IBMETRO presented one Annex D form for each gauge block. To minimize this draft A length only 
Annex D for 0.5 mm gauge block is presented here. 
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Annex E form 
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LATU 
 
Annex C form 
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Annex D form 
LATU presented one Annex D form for each gauge block for deviation of central length an fo & fu. To 
minimize this draft A length only Annex D for deviation of central length of 0.5 mm gauge block is 
presented here. 
 

 
Annex E form 
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INM 
 
Annex C form 
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Annex D form 
INM presented one Annex D form for each gauge block for deviation of central length an fo & fu. To 
minimize this draft A length only Annex D for deviation of central length of 0.5 mm gauge block is 
presented here. 
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Annex E form 
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CENAMEP 
 
Annex C form 
 

 

Laboratory:

Nominal 

length

Deviation of the 

central length from 

the nominal length 

(lc-ln )

Uncertainty of 

central length

(k =2) 

Deviation 

from central 

length fo

(lmax -lc)

Deviation from 

central length 

fu

(lc-lmin )

Uncertainty 

(k =1) for 

fo  and fu

Indentification 

number

[mm] [nm] [nm] [nm] [nm] [nm]

0.5 45.7 29.8 45 30.7 22 725292

2.5 37.2 30.2 0 26.4 8.15 525083

10 1.6 39.3 0 81.4 23.7 180342

25 11.6 74.7 0 26.4 8.15 3225200

50 -240.5 168 0 72.9 21.2 1425127

100 -198 262 5 99.3 30.2 1425351

Date: 2/2/2021 Name: José Kuruc

Por favor llenar las celdas azules / Please fill in the blue cells
Centro Nacional de Metrología de Panamá (CENAMEP)
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Annex D form 
CENAMEP presented one Annex D form for each gauge block. To minimize this draft A length only 
Annex D for 0.5 mm gauge block is presented here. 
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Annex E form 
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INMETRO 
 
Annex C form 
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Annex D form 
INMETRO presented one Annex D form for each gauge block. To minimize this draft A length only 
Annex D for 0.5 mm gauge block is presented here. 
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Annex E form 

 



SIM.L-S2.2.n01 Supplementary Comparison 
Calibration of Gauge Blocks by Mechanical Comparison Final Report 
 

SIM.L-S2.2.n01 Final report – October 2025  Pg. 80/95 
 

LACOMET 
 
Annex C form 
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Annex D form 
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Annex E form 
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BSJ 
 
Annex C form 

 
 
 
 

Laboratory:

Nominal 

length

Deviation of the 

central length from 

the nominal length 

(lc-ln )

Uncertainty of 

central length 

Deviation 

from central 

length fo

(lmax -lc)

Deviation from 

central length 

fu

(lc-lmin )

Uncertainty 

(k =1) for 

fo  and fu

Indentification 

number

[mm] [nm] [nm] [nm] [nm] [nm]

0.5 43 40

2.5 28 26

10 -13 42

25 2 80

50 -139 152

100 -42 301

Date:
20/1/2023 Name:

Tomokie 

Burton

Por favor llenar las celdas azules / Please fill in the blue cells
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Annex E form 
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INACAL 
 
Annex C form 

 
 

ANNEX C:

LABORATORY:

Deviation of the 

central

length from the

nominal length

( lc - ln)

( mm ) ( nm ) ( nm ) ( nm ) ( nm ) ( nm )

0.5 0.04 46 -0.22 0.28 24 725292

2.5 0.01 46 -0.07 0.08 24 525083

10 -0.02 46 0.09 -0.02 24 180342

25 -0.05 48 0.04 -0.02 25 3225200

60 -0.17 59 -0.10 0.23 31 1425127

100 -0.01 77 -0.27 0.37 41 1425351

LABORATORY: LONGITUD Y ÁNGULO

DATE: 2023-06-26

Name and signature: Daniel Cano Uribe

RESULT REPORT FORMS

LONGITUD Y ÁNGULO DEL INACAL-DM

Nominal

length Identification

number

Uncertainty

(k=1)

for fo and fu

Uncertainty of

central length

( k = 1 )

Deviation from central 

length

fo

(lmax-lc)

Deviation from central 

length

fu

(lc-lmin)
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Annex D form 

 

Source of Standard Sensitivity Combined Standard

uncertainty uncertainty Coefficient Uncertainty

24 1 24

Repeatability 17.3

Uncertainty 16

Resolution 2.89

Variation of length and 

central position
3.85

1

CEM Calibration

Drift  standard gauge 

block
34.6

0.17 -0,7 x L 0,12 x L

Reading 0.00029

Cyclic variation 0.17

Calibration 0.0088

0.029 11,5 x L 0,33 x L

Temperature difference 

between gauge
0.029

0.29 0,5 x L 0,14 x L

Thermal dilatation of 

standard
0.29

0.58 -0,55 x L 0,32 x L

Thermal dilatation of 

test
0.58

0.05 L 0,05 x L

Temperature effects on 

standard gauge
0.05

0.10 L 0,10 x L

Temperature effects on 

test gauge
0.10

0.017 L 0,017 X L

Temperature difference 

between gauges
0.017

46

Laboratory: Longitud y Ángulo

Date: 26/6/2023

Name and Signature: Daniel Cano Uribe

Combined standard Uncertainty ( k=1 )

Effective degrees of freedom

UNCERTAINTY BUDGET OF GAUGE BLOCK CENTRAL LENGTH
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Annex E form 

 

Gauge Block grade K 

(steel)
BM1-122-K/YJ 0807874 0,5 mm a 100 mm 13/1/2022

Gauge block 

Comparator
826 PC 1478/09 and 4117/08 0 mm a 100 mm 8/6/2023

Digital thermometer 1586A 50735008 -200 °C a 1200 °C 8/11/2022

LABORATORY: LONGITUD Y ÁNGULO

DATE: 2023-06-26

Name and signature: Daniel Cano Uribe

INDECOPI PC-017 "Calibration Procedure

of Digital Thermometers" (2nd Edition December 2012)

Type of instrument:

Traceability:

Interval of temperature during measurements:

Serial number

20 °C ± 0,5 °C

Digital thermometerInstrument description:

Range: -200 °C a 1200 °C

Resolution: 0,001 °C

02 Termorresistencias de platino de 100 ohm

INSTITUTO NACIONAL DE CALIDAD (INACAL)

Gauge block ComparatorInstrument description:

0 mm a 100 mmType of instrument:

INSTITUTO NACIONAL DE CALIDAD (INACAL)

Calibration method of your reference:
EURAMET/cg-2/v.2.0 (03/2011) "Calibration of Gauge Block 

Comparators"

Calibration method of your reference:

Type Model Measurement range Date of last calibration

Gauge Block of 0,5 mm to 100 mmInstrument description:

Grade K (Steel)Type of instrument:

Centro Español de Metrología ( CEM - SPAIN )

Traceability:

Traceability:

Comparison Interferometer laser He-Ne (633 nm)Calibration method of your reference:
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NIST 
 
Annex C form 

 
 

Mechanical

Nominal 

length

Deviation of the 

central length 

from the nominal 

length (lc-ln )

Uncertainty of 

central length 

(k=1)

Deviation 

from central 

length fo

(lmax -lc)

Deviation 

from central 

length fu

(lc-lmin )

Uncertainty 

(k =1) for fo 

and fu

Indentification 

number

[mm] [nm] [nm] [nm] [nm] [nm]

0.5 44 13.5 7-25292

2.5 39 13.8 5-25083

10 -20 14.8 18-0342

25 25 16.9 32-25200

60 -159 21.8 14-25127

100 -35 27.4 14-26361

Date:
17/10/2020 Name:

Eric 

Stanfield
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Annex D form 
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Annex E form 
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PAI 
 
Annex C form 
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Annex D form 
PAI presented one Annex D form for each gauge block. To minimize this draft A length only Annex D 
for 0.5 mm gauge block is presented here. 
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Annex E form 
 
 

 
 
 
 
 
 
 
 
 



SIM.L-S2.2.n01 Supplementary Comparison 
Calibration of Gauge Blocks by Mechanical Comparison Final Report 
 

SIM.L-S2.2.n01 Final report – October 2025  Pg. 94/95 
 

Annex 1 Tolerance – Uncertainty ratio 
To be able to determine whether a GB´s central length falls within the tolerances of a certain grade 
according to the classification of the ISO 3650 Standard, the calibration uncertainty should be small 
enough with respect to the corresponding tolerance. It was observed that most of the laboratories 
announced uncertainties not small enough to be able to calibrate Grade 0 GBs.  
A recommended ratio may be:  
 

𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒

𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 (𝑘 = 2)
≥ 3 

Or 
𝑡𝑜𝑙𝑒𝑟𝑎𝑛𝑐𝑒/2

 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 (𝑘 = 1)
≥ 3 

 
A1.1 Ratio for deviation of central length  
Only CENAM, NIST and INM comply with the above ratio for all the measured GB. The rest of the 
laboratories have at least one GB  where the ratio is not met. Further investigation is recommended 
to be able to calibrate Grade 0 GB for all lengths.  

In the following table it can be seen the tolerance – uncertainty ratio for all the participants  

 

Tolerance – uncertainty ratio 

Nominal 
length 
/mm 

CENAM LATU DICTUC INACAL INMETRO(1) CENAMEP INTI NIST 

0.5 5.6 2.5 1.9 1.3 2.0 4.0 3.0 4.4 

2.5 5.6 2.5 1.9 1.3 2.0 4.0 3.0 4.3 

10 5.5 2.2 1.9 1.3 2.0 3.1 2.9 4.1 

25 5.6 2.7 2.3 1.5 2.3 1.9 3.0 4.1 

60 6.8 3.7 3.9 2.1 ----- 1.5 3.7 5.7 

100 5.5 2.7 4.4 2.0 3.2 1.1 3.0 5.5 

 

Tolerance – uncertainty ratio 

Nominal 
length 
/mm 

TTBS BSJ LACOMET CENAME IBMETRO INEN INM PAI 

0.5 2.8 3.0 1.6 1.4 2.0 2.7 3.0 2.0 

2.5 2.8 4.6 1.5 1.4 2.0 2.7 3.0 2.1 

10 2.8 2.9 1.2 1.4 1.7 2.7 3.0 2.1 

25 3.2 1.8 1.0 1.3 2.0 2.7 3.0 2.4 

60 5.1 1.6 1.1 2.8 3.1 3.0 4.2 3.1 

100 5.2 1.0 0.9 1.6 3.8 2.3 3.1 3.3 

Table 25 – Uncertainty – tolerance ratio for deviation of central length 
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A1.2 Ratio for fo and fu  
Only CENAM and CENAME, have complying ratios for fo and fu for all the measured GB. The rest of 
the laboratories have at least four values that do not comply. Further investigation is recommended.  

In the following table it can be seen the tolerance – uncertainty ratio for all the participants   

 

Tolerance – uncertainty ratio 

Nominal 
length 
/mm 

CENAM LATU DICTUC INACAL INMETRO(1) CENAMEP INTI NIST(2) 

0.5 5.1 1.8 2.0 2.1 1.2 2.3 2.0 ----- 

2.5 5.1 2.3 2.0 2.1 1.2 6.1 2.0 ----- 

10 5.1 2.6 2.0 2.1 1.2 2.1 2.0 ----- 

25 5.1 2.6 2.0 2.0 1.1 6.1 2.0 ----- 

60 6.1 2.9 2.4 1.9 ----- 2.8 2.4 ----- 

100 6.1 1.5 2.4 1.5 0.9 2.0 2.4 ----- 

 

Tolerance – uncertainty ratio 

Nominal 
length 
/mm 

TTBS BSJ(2) LACOMET CENAME IBMETRO INEN INM PAI 

0.5 1.7 ----- 1.3 11.5 1.7 2.9 2.9 2.6 

2.5 1.7 ----- 1.2 13.5 1.7 2.9 2.9 2.6 

10 1.7 ----- 1.0 9.4 1.7 2.9 2.9 2.6 

25 1.6 ----- 0.7 13.4 1.7 2.9 2.9 2.6 

60 1.8 ----- 0.5 8.3 2.0 3.5 3.5 3.1 

100 1.5 ----- 0.4 3.9 2.0 3.5 3.5 3.1 

Table 26 – Uncertainty – tolerance ratio for fo and fu 
 

(1) INMETRO do not have a 60 mm reference gauge block 
(2) These NMI´s did not informed fu and fu 
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