CONTRIBUTII LA EVALUAREA CAPABILITATII DE ETALONARE
A CALELOR PLAN PARALELE

CONTRIBUTIONS AT THE CAPABILITY EVALUATION
OF THE GAUGE BLOCKS

Elena DUGHEANU, Florica CRACIUNESCU*
Cheti DOROBANTU, Florin SCURTU**
*INSTITUTUL NATIONAL DE METROLOGIE
NATIONAL INSTITUTE OF METROLOGY

#**BIROUL ROMAN DE METROLOGIE LEGALA
ROMANIAN BUREAU OF LEGAL METROLOGY

Rezumat: Articolul prezintda compararea interlaboratoare din domeniul lungimi, propusa de Directia
Regionala de Metrologie Legala Craiova si Serviciul Judetean de Metrologie Legald Olt, la care au
participat opt laboratoare din structura Biroului Romdn de Metrologie Legala ( BRML). Laboratorul
pilot §i de referinta a fost laboratorul LUNGIMI din Institutul National de Metrologie (INM). Etaloanele
itinerante au constat intr-un set de cinci cale plan paralele cu lungimi nominale de 1,005 mm; 1,49 mm;
3,5 mm; 8§ mm i 10 mm, la care s-a determinat abaterea de la lungimea mediana a calei plan paralele
fata de lungimea nominala, in conditii de referinta. Tema a avut ca scop demonstrarea capabilitatii de
mdsurare a laboratoarelor participante, rezultatele obtinute putdnd fi utilizate pentru validarea
sistemului de calitate aplicat de acestea.

Cuvinte cheie: comparare interlaboratoare, cale plan paralele, abatere de la lungimea mediana, buget de
incertitudine

Abstract: The paper describes the interlaboratory comparison in the length field, held under the
coordination of the Romanian Bureau of Legal Metrology (BRML), proposed by Regional Direction of
Legal Metrology Craiova and District Service of Legal Metrology Olt. Eight districts and regional
laboratories participated in this comparison and National Institute of Metrology (INM) was asigned as
reference and pilot laboratory. The subject of this theme consiseds in the measurement of the deviation of
the median length of five gauge blocks, having nominal length of 1,005 mm; 1,49 mm; 3,5 mm; 8 mm and
10 mm. The measurements uncertainties were reported by each participant too, and used for validation of
their own management quality system.
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1. INTRODUCERE

Compararea “Etalonarea calelor plan
paralele” s-a desfasurat in cadrul programului
coordonat de Directia Evaluare Organisme si
Autorizari (DA) a BRML si a fost propusad de
Directia Regionald de Metrologie Legala
Craiova si de Serviciul Judetean de Metrologie
Legala Olt. Laboratorul LUNGIMI din INM a
fost desemnat de BRML-DA drept Laborator
pilot (LP) si Laborator de referinta (LR).

In cadrul comparirii interlaboratoare, prin
metoda comparativd, pentru fiecare etalon
itinerant a fost determinatd abaterea de la
lungimea mediana a calei plan paralele fata de
lungimea nominala, in conditii de referinta.

Tema are ca scop demonstrarea

1. INTRODUCTION

“Calibration of the gauge blocks”
comparison had taken place in the frame of the
program ruled under the coordination of the
Direction of Bodies and Authorization
Evaluation (DA) of Romanian Bureau of Legal
Metrology (BRML) and represents a proposal of
the Regional Direction of Legal Metrology -
Craiova and District Service of Legal Metrology
Olts. Length Laboratory from National Institute
of Metrology was designated by BRML-DA as
reference and pilot laboratory.

For each itinerant standard using
comparative method was determined the
deviation of the median length, in reference
conditions.

By this comparison each participant
laboratory can demonstrate its measurement



capabilitagii de masurare a laboratoarelor
participante, rezultatele obtinute putand fi
utilizate pentru validarea sistemului de calitate
aplicat de acestea.

Detaliile complete ale compararii se gasesc
in versiunea integrald a Raportului final [1].
2. ORGANIZAREA COMPARARIL.
PARTICIPANTI

Laboratoargle au fost organizate intr-o
singura grupd. In sectiunile care se refera la
rezultatele comparatiei, laboratoarele figureaza
cu codurile atribuite de BRML-DA.

Programul de desfasurare al compardrii
interlaboratoare a fost de tip circular si a fost
stabilit de catre LP, de comun acord cu
laboratoarele participante, conform tabelului 1.

capability in the field of short gauge blocks and
its results can be used for the validation of
quality system applied by them.

Complete details are presented in the full
version of the final Report [1].
2. COMPARISON ORGANIZATION.
PARTICIPANTS

All participant laboratories were organized
in only one group. In the sections which refers to
the comparison results, laboratories are
designated by a code given by BRML-DA.

Comparison program was circular and was
established by pilot laboratory (LP) together
with participant laboratories as in Table 1.

Tabelul 1. Programul de circulatie a etaloanelor itinerante
Table 1. Schedule of the movement of the itinerant standards

Laboratorul participant /
Participating Laboratory

Perioada planificata /

Scheduled period

Perioada masurarilor /

Measurement period

Laboratorul de referinta /
Reference Laboratory

15.08 —19.08.2005

15.08 — 19.08.2005

SIML Mures

22.08 — 02.09.2005

01.09 —07.09.2005

DRML Brasov

05.09 —16.09.2005

07.09 —23.09.2005

SJML Sibiu

19.09 —30.09.2005

23.09 —03.10.2005

SIML Arges

03.10 — 14.10.2005

03.10 — 28.10.2005

DRML Craiova

17.10 —28.10.2005

28.10-01.11.2005

SIML Olt

01.11-18.11.2005

01.11-18.11.2005

DRML Bacau

21.11 -02.12.2005

18.11 —02.12.2005

SIML lasi

05.12 -16.12.2005

02.12 - 19.12.2005

09.01 —14.01.2006

09.01 — 18.01.2006

Laboratorul de referinta /
Reference Laboratory

3. PROCEDURI SI MIJLOACE DE
MASURARE

In conformitate cu procedurile DA [2], LP
a elaborat i a transmis laboratoarelor
participante Ghidul compararii 1nsotit de
Instructiunile de utilizare, transport §i de
masurare. De asemenea, LP a trimis
laboratoarelor participante etaloanele
itinerante, respectiv setul de cale plan paralele
cu lungimile nominale de 1,005 mm; 1,49 mm;
3,5 mm; 8 mm si 10 mm.

Instructiunile de masurare au fost
elaborate de LP in conformitate cu NTM 1-13-
78 “Etalonarea si verificarea metrologica a
calelor plan paralele cu lungimea nominala de
la 0,1 mm la 1000 mm” i PS-21-01-INM
“Etalonarea calelor plan paralele prin metoda
comparativa”.

3. PROCEEDINGS AND MEASUREMENT
INSTRUMENTS

According to the DA proceedings [2], the LP
elaborated and transmitted to all participant
laboratories the Comparison Guide together with
the Use, transport and  measurements
instructions. Also, the LP sent to all participant
laboratories the itinerant standards, consisting in
length standards with the following nominal
length: 1,005 mm; 1,49 mm; 3,5 mm; 8 mm and
10 mm.

Measurement  instructions had been
elaborated using technical metrology proceeding
NTM 1-13-78 : “Verification and calibration of
gauge blocks with nominal length between 0,1
mm and 1000 mm” and specific proceeding PS-
21-01-INM : ”Calibration of the gauge blocks
using comparative method”.



4. VALORILE DE REFERINTA

Valorile de referinta au fost stabilite de
catre laboratorul de referintd. Masurdrile au
fost efectuate atat la inceperea compararii cat si
la sfarsitul acesteia. Rezultatele obtinute si
valoarea incertitudinii de masurare extinsa,
pentru fiecare cald, sunt prezentate in tabelul 2.

Fiecare laborator participant a avut
libertatea sa aplice procedura si metoda
practicatd in mod curent, de catre laboratorul
respectiv, la etalonarea calelor plan paralele.

4. REFERENCE VALUES

Reference values were established by the
reference laboratory (LR). The measurements
were made, both in the beginning and in the end
of the comparison. The obtained results and the
measurement uncertainty for each gauge block
are presented in Table 2.

Each participanting laboratory had the
liberty to choose the applying of its own
proceeding and method for the calibration of the
gauge blocks.

Tabelul 2. Valori de referinta
Table 2. Reference values

Lungimea nominala/ Abaterea lungimii calei AL / Incertitudinea
Nominal length Deviation of the gauge length de masurare
(mm) (um) U/ Uncertainty
Inceputul compararii/ | Sfarsitul comparirii/ | Valori finale/ | measurement
Beginning of the End of the Final Values U
comparison comparison (um)
1,005 0,02 0,03 0,02 0,04
1,49 0,05 0,08 0,07 0,04
3,5 0,05 0,04 0,05 0,04
8 0,01 0,03 0,02 0,05
10 0,05 0,04 0,05 0,05
5. REZULTATUL COMPARARII 5. RESULTS OF THE LABORATORY
INTERLABORATOARE COMPARISON

In urma analizei rezultatelor obtinute de
catre laboratoarele participante, s-a constatat ca,
toate laboratoarele participante la comparare au
utilizat metoda comparativdi de masurare,
conform NTM 1-13-78 si au utilizat etaloanele
trasabile la etaloanele nationale ale Romaniei.

Rezultatele masurdrilor efectuate de
laboratoarele participante, pentru fiecare cala
plan paraleld au fost comparate cu valorile de
referintd obtinute de laboratorul de referinta

In tabelul 3 sunt prezentate sintetic
abaterile de la lungimea mediand si
incertitudinile asociate acestor valori, raportate
de Ilaboratorul de referinta si de cele 8
laboratoare participante in urma masurarii
setului de etaloane itinerante.

Diferentele dintre valorile raportate de
fiecare laborator participant i valorile de
referintd, au fost calculate de laboratorul pilot si
sunt prezentate in ultima coloana a tabelului 3.

Semnificatiile notatiilor utilizate in tabel

reprezinta:
ALy - abaterea lungimii calei de la valoarea
nominala, obtinuta de laboratoarele

participante;

Analyzing the results obtained by
participant laboratories, it can be seen that all
the laboratories used the comparative method
according to the NTM 1-13-78 and all the
standards were traceable at the national length
standards.

The results of the measurements made by
the participant laboratories for each gauge
blocks were compared with the reference values
obtained by reference laboratory.

Table 3 presents the deviation from the
median length and the associated measurements
uncertainties, reported by the reference
laboratory and the 8 laboratories named in table
1.

The differences between the values
reported by each participant laboratory and the
reference values were calculated by the pilot
laboratory and are presented in the last column
of table 3.

The signification of the notation in the
table 3 is the following:

ALy — deviation of the gauge length from
nominal value, obtained by participant
laboratories;




AL - abaterea lungimii calei de la valoarea

nominala, obtinutd de laboratorul de
referinta;

U, - incertitudinea extinsd estimatd de
laboratorul de referinta;

U: - incertitudinea extinsd estimata de

laboratoarele participante.

ALr — deviation of the gauge length from
nominal value, given by the reference
laboratory;

U.r — measurement uncertainty given by
the reference laboratory;

Ui — measurement uncertainty given by
participant laboratories.

Tabelul 3. Prezentarea sintetica a rezultatelor
Table 3. Measurement results

Laborator/ Lungimea nominala/ ALg (um) U.er (um) ALy (um) | U; (um) ALy-ALg
Laborator Nominal lenght (um)
y (mm)
1,005 0,02 0,04 0,04 0,06 0,02
2 1,49 0,07 0,04 0,09 0,06 0,02
3,5 0,05 0,04 0,01 0,06 -0,04
8 0,02 0,05 0,03 0,06 0,01
10 0,05 0,05 0,05 0,06 0
1,005 0,02 0,04 0 0,08 -0,02
3 1,49 0,07 0,04 0,11 0,12 0,04
3,5 0,05 0,04 0,01 0,08 -0,04
8 0,02 0,05 -0,02 0,12 -0,04
10 0,05 0,05 -0,05 0,15 -0,10
1,005 0,02 0,04 -0,030 0,048 -0,05
4 1,49 0,07 0,04 0,220 0,049 0,15
3,5 0,05 0,04 0,010 0,048 -0,04
8 0,02 0,05 -0,060 0,095 -0,08
10 0,05 0,05 -0,095 0,052 -0,145
1,005 0,02 0,04 0,06 0,12 0,04
5 1,49 0,07 0,04 0,03 0,14 -0,04
3,5 0,05 0,04 -0,01 0,12 -0,06
8 0,02 0,05 -0,04 0,13 -0,06
10 0,05 0,05 -0,08 0,15 -0,13
1,005 0,02 0,04 0,06 0,06 0,04
6 1,49 0,07 0,04 0,07 0,06 0
3,5 0,05 0,04 0,04 0,08 -0,01
8 0,02 0,05 0,04 0,06 0,02
10 0,05 0,05 0,04 0,06 -0,01
1,005 0,02 0,04 0,01 0,030 -0,01
7 1,49 0,07 0,04 0,02 0,060 -0,05
3,5 0,05 0,04 0,05 0,105 0
8 0,02 0,05 0,01 0,105 -0,01
10 0,05 0,05 0,07 0,065 0,02
1,005 0,02 0,04 0,01 0,04 -0,01
8 1,49 0,07 0,04 0,02 0,04 -0,05
3,5 0,05 0,04 0,02 0,04 -0,03
8 0,02 0,05 0,02 0,04 0
10 0,05 0,05 0,06 0,04 0,01
1,005 0,02 0,04 0,02 0,03 0
9 1,49 0,07 0,04 0,06 0,02 -0,01
3,5 0,05 0,04 -0,01 0,03 -0,06
8 0,02 0,05 -0,02 0,03 -0,04
10 0,05 0,05 0,01 0,03 -0,04

In tabelul 4 se prezinta bugetul evaluarii

Table 4 presents the budget of measurement




incertitudinii la etalonarea calei plan paralele cu
lungimea nominala de 1,005 mm.

uncertainty evaluated for the calibration of the
gauge block with L = 1,005 mm.

Tabelul 4. Bugetul evaludrii incertitudinii de etalonare
Table 4. Budget of measurement uncertainty evaluation

Componentele | LaboratorulPilot / 2 3 4 5 6 7 8 9
incertitudinii/ | Pilot Laboratory
Uncertainty
components
u(le) 13 10,1 | 25,2 | 10,10 50 10,1 25 10 10,1
u(d) 5 2,45 5,0 - 6,7 | 30,1 | 10,0 8,0 7,95
u(dlp) - 4,12 | 29,2 5,77 7,1 - 8,2 5,8 -
u(comp) 10 25 10 10,96 | 28,9 - 10,0 8,7 4,47
u(d0) 1 1,16 0,3 0,2 - 0,2 0,2 | -041 1 0,46
u(dt) 0,3 3,34 0,1 0,3 - 0,3 23 | -033 | 033
u(D) 11 -3,87 - 17,0 - - - - -
u(0a)u(t) 0,2 - - - - - - 1-013] 0,02
u(ag)u(dt) 0 - - - - - - -0,17 | 0,34
M(él]z) - 2,9 - - - - - -
u(d0) - 2,87 - 0,3 - - - - 0
u(reztdt) - - - - 1,3 - - - -
(D) - - - - - - - 4,1 -
u(stab) - - - - - - - 2,9 -
u(drepAL) - - - - - - - 8,0 -
Ue 20 28 40 23,9 | 58,6 | 31,7 30 17 13,62
k 2 2 2 2 2 2 2 2 2
U 40 56 80 47,8 120 60 60 34 27,25
unde: where:

u(le) — incertitudinea de etalonare a calei
etalon;

u(d) — incertitudinea datorita diferentei
dintre lungimea calei etalon si cea a calei
masurate;

u(0lp) — incertitudinea datoritd variatiei
lungimii calei etalon date de deriva in timp;

u(comp) — incertitudinea de etalonare a
comparatorului electronic;

u(0a) — incertitudinea datorita diferentei
dintre coeficientii de dilatare termica liniara;

u(dt) — incertitudinea datoritd diferentei
dintre temperaturile calelor;

u(D) — incertitudinea datoritd defectelor
locale;

u(t) — incertitudinea datoritd variatiei
temperaturii calei de etalonat;

u(®lr) - incertitudinea datoritd rotunjirii
valorilor din certificat;

u(00) - incertitudinea datoritd temperaturii
instalatiei de Incercare;

u(reztdt) — incertitudinea
termometrului de contact;

u(d.,) - incertitudinea datoritd rezolutiei
limitate a dispozitivului de indicare;

datorita

u(l) — measurement uncertainty of the
standard gauge block;

u(d) — uncertainty due to the difference
between length of the standard and length of the
test gauge;

u(0lp) — uncertainty due to the drift;

u(dleomp) — uncertainty due to electronic
comparator;

u(d0) — uncertainty due to difference
between the thermal coefficient of standard and
test gauge;

u(0t) — uncertainty due to the difference
between the temperatures of standard and test
gauge;

u(D) — uncertainty due to the local defects;

u(t) — uncertainty due to deviation of the
standard’s temperature;

u(lr) — uncertainty due to the roundness of
the certificate’values;

u(00) — uncertainty due to
temperature;

u(reztdt) — uncertainty due to digital
thermometer;

u(0rez) — uncertainty due to comparator
resolution;

room’



u(stab) - incertitudinea  datoritd
instabilitdtii dispozitivului de indicare;
u(d,AL) - incertitudinea  datorita

repetabilitatii masurarilor;

u. — incertitudinea compusa;

k — factor de extindere;

U- incertitudinea extinsa.

Cu ocazia prelucrarii rezultatelor primite
de la laboratoarele participante, laboratorul pilot
a calculat pentru fiecare laborator participant,
indicele de valoare, E;, cu relatia:

E = Xi—%r ef
1 U[Z + U;%ef s

in care:

x;  — valoarea etalonului itinerant, obtinuta
de laboratorul “i”;
Xt — valoarea de referinta stabilitd de LR;

U, - incertitudinea extinsa estimatd de
laboratorul de referinta;
U: - incertitudinea extinsd estimata de

laboratoarele participante.

Pentru valori ale indicelui de valoare
cuprinse in intervalul [-1; +1], laboratoarele
participante sunt compatibile cu laboratorul de
referintd si sunt capabile sa etaloneze cale plan
paralele, cu incertitudinea de masurare declarata.
Valorile indicilor de valoare, Ei, pentru fiecare
laborator participant sunt prezentate in tabelul 5.

u(stab) — uncertainty due to instability of
the comparator indication;

u(0rpAL) — uncertainty due to measurement
repeatability;

u. — combined standard uncertainty;

k — expended coefficient;

U — expended uncertainty.

After the receiving of all results from
participant laboratories, LP had calculated the E;
index value for each laboratory according to the
following formula:

E — xi—xref
i [r72.772
Ui +Uref
where:
x; — value of the itinerant standard

[TXIIN

calculated by participant laboratories “i”’;

Xwr — reference value given by LR;

Urr — expended uncertainty estimated by
LR;

Ui — expended uncertainty estimated by
participant laboratories.

For Ei index values between [-1,+1], the
participant laboratories are compatible with the
reference laboratory in estimating the correct
value of extended uncertainty and are able to
calibrate the short gauge blocks with declared
uncertainty. The Ei index values are given in
Table 5.

Tabelul 5. Indicii de valoare E;
Table 5. E; index values

Cod laborator / E; pentru / E; for

Laboratory code 1,005 mm 1,49 mm 3,5 mm 8 mm 10 mm
2 0,28 0,28 -0,56 0,13 0
3 -0,22 0,32 -0,45 -0,31 -0,62
4 -0,81 2,38 -0,65 -0,75 -2,01
5 0,32 -0,27 -0,48 -0,43 -0,82
6 0,56 0 -0,11 0,26 -0,13
7 -0,20 -0,69 0 -0,09 0,26
8 -0,18 -0,88 -0,53 0 0,16
9 0 -0,22 -1,02 -0,69 -0,69

in figurile 1-5 sunt prezentate abaterile
rezultatelor laboratoarelor participante fata de
valorile de referintd, obtinute de laboratorul
pilot, pentru fiecare cala plan-paralela masurata.
Liniile verticale reprezinta incertitudinile extinse
U (pentru k=2), asociate rezultatelor obtinute de
laboratoarele participante.

In Figures 1-5 are present the deviations of
the laboratories’ results in relation with the
reference values given by LP for each measured
gauge block. Vertical lines represent expended
uncertainties U (for £ = 2) in association with
the results obtained by the participant
laboratories.
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6. ANALIZA REZULTATELOR

Din datele prezentate se observa
urmatoarele:

- 7 laboratoare participante, cu numerele 2,
3,5,6,7, 8 si9 au obtinut rezultate compatibile
cu rezultatele obtinute de laboratorul de referinta
pentru toate calele plan paralele masurate;

- laboratorul cu numarul 4 nu a obtinut
rezultate compatibile cu rezultatele obtinute de
laboratorul de referinta pentru calele cu
lungimea nominala de 1,49 mm si 10 mm;

- toate laboratoarele participante au estimat
incertitudinile de masurare in conformitate cu
prevederile SR 13005:2003 “Ghid pentru
exprimarea incertitudinii de masurare,, [3].

In urma analizarii rezultatelor obtinute, in
scopul eliminarii deficientelor constatate la
etalonarea calelor plan paralele prin metoda
comparativa, se propun urmatoarele masuri, in
general valabile pentru toate laboratoarele
participante:

- controlul si monitorizarea strictd a
conditiilor de mediu in timpul masurarilor;

- accesul controlat al personalului in
laborator in timpul masurarilor;

- asigurarea trasabilitafii mijloacelor de
masurare etalon;

- instruirea personalului.

7. APRECIERI FINALE

Compararea interlaboratoare “Etalonarea
calelor plan paralele” s-a desfasurat conform
planificarii. La comparare au participat 8 locatii
ale laboratoarelor regionale din structura BRML
care, dupa efectuarea masurarilor, au transmis
laboratorului pilot rezultatele si incertitudinile
asociate, pentru cinci etaloane itinerante.

Compararea, care a avut un caracter
experimental, a fost utila fiecarui laborator
participant, care a putut sa-si examineze si
imbunitateascd metoda aplicatd la etalonare,
procesul de masurare si modul de evaluare al

Fig.5 Deviation from the reference value and exgended uncertainty
estimated by narticipant laboratories for gauge black with L= 10 mm
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6. ANALYSIS OF RESULTS

From the data given above results the
following conclusions:

- 7 participant laboratories with the
indicative 2, 3, 5, 6, 7, 8 and 9 had obtained
compatible results with the reference laboratory
for all gauge blocks;

- laboratory having indicative 4 didn’t
obtain compatible results with the reference
laboratory for 1,49 mm and 10 mm gauge
blocks;

- all participant laboratories had estimated
measurement uncertainty in accordance with SR
13005:2003 standard: “Guide for expression of
uncertainty measurement” [3].

Having the aim to eliminate the
deficiencies occurred at the calibration of the
gauge blocks using comparative method and
analyzing the results obtained by all laboratories
the following measures available for all
participant laboratories have been proposed:

- the control and the strict observation of
the environmental conditions during
measurements;

- controlled access of the personel during
the measurements;

- traceability of the standards;

- personel training.

7. CONCLUSIONS

Interlaboratory comparison ,, Calibration of
the gauge blocks” took place according the
schedule. At this comparison had participated 8
laboratories from BRML structure. After the
finish of the comparison, these laboratories had
sent their results and associated measurement
uncertainty to LP for all itinerant standards.

This comparison had an experimental
purpose and was very beneficial for each
laboratory which could examine and improve
their own method of calibration, process of
measurement and measurement uncertainty



incertitudinii de masurare.

Rezultatele obtinute in cadrul compararii
pot fi utilizate de participanti pentru a-si
demonstra capabilitatea de masurare a calelor
plan paralele cu lungimi nominale cuprinse intre
I mm si 100 mm, prin metoda comparativa si
pentru validarea sistemului de calitate aplicat de
acestea 1n cadrul fiecérui laborator.
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assessment.

According to the results obtained at this
comparison, participant laboratories can now
demonstrate their own capability to measure
gauge blocks with nominal length between 1
mm to 100 mm using comparative method and
in the same time can validate their management
quality system applied in their laboratory.
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