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Abstract: The purpose of this paper is to present the results Of common agreement, eight artifacts were seletied

of a bilateral interlaboratory comparison (ILC)[Ijetween
the Mechanical Metrology Laboratory - IPT and Médgy
Laboratory - Ecil. Both laboratories are accreditey
Brazilian Calibration Net (RBC). In this programghbt
temperature artifacts have been calibrated in #mge of
—40°C to 1100°C. The artifacts are 02 thermocoypd@s
platinum resistance thermometers and 04 liquid lesg
thermometers.
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1. INTRODUCTION

According to some standards and publications lik
ISO/IEC 17025 [2], EA-2/10 and DOC-CGCRE-005 [3], a
laboratory has to control the quality of its resulh order to
assure measurements and calibrations undertakene &he
some ways to ensure quality of measurements :

» certified reference materials (CRM)
replicate test/calibration with different method$ [
retesting of retained items
participation in interlaboratory comparisons or
proficiency tests

be calibrated by the laboratories.

Thus, four liquid in glassthermometers-LGT, total
immersion, 0.1°C resolution, were availalbe LMM-IPT.
These thermometers have the following temperatange:
—20°C to 20°C; 0°C to 80°C; 0°C to 200°C and 20@8C
250°C. Also, LM-Ecil putthe following artifacts available
for this program: two thermocouples-TC (a type &ramic
insulation - and a type T- mineral insulation, ihet
temperature range of 0°C to 1100°C and 0°C to°’G50
respectively) and two platinum resistance thermenset
PRT ( type Pt 100 Ohms, metallic sheath, in theptmature
range of 0°C to 420°C and 0°C to —40°C).

The type of artifact and the temperature range were
defined in order to cover great part of the sewviaered by

Ghe laboratories, according to its accreditatioopsc by

RBC. The artifacts selected by the laboratoriestsewveral
calibrations, performed by the laboratory itselbgranother
recognized laboratory.

The program started in August / 2005 and finished i
April / 2006.

3. METHODS

The first predetermined condition was that each
laboratory must perform the artifact calibratiom@aling to
their current calibration procedures. Also, theilkzation

It is important to control each measurement servicesults and calculations were developed accordingatch

provided by the laboratory, applying one of the e
listed above or another one that was appropriataligated
and approved by a laboratory accreditation bodyas also
to be considered the type and volume of work don¢hke
laboratory. Following this rules, a calibration ¢ebtory can
provide evidence of its competence in measureneritst
clients.

2. PURPOSE

laboratory methodology, approved by the accreditati
body.

The electrical standards (measuring instrumentsf&]
temperature standards ( SPRT, PRT, Noble Thermdesup
used in the -calibrations, are traceable to INMETRO
(NMI)[6], other accredited laboratories by RBC or
recognized organizations by RBC.

The interlaboratory comparison program establighad
an initial calibration (before the artifact has gdo the other

With the purpose to meet the standards requirement?boratory) and final calibration (in the returntbg artifact

exchange knowledge between participants, as weltoas
demonstrate competence in calibrations / measurtsmiae
LMM-IPT and LM-Ecil decided to establish and implem
a bilateral interlaboratory comparison program. Skhe
laboratories, accredited by Brazilian CalibratioatN RBC,
have similar best uncertainty. In this paper, tigotatories
had been identified blyabl andLab 2

to the first laboratory) have to be performed hgleone of
the artifact’s laboratory. This procedure had thgctive to
check any drift ( short term stability ) of theifatt, during
this program. Great care were taken with handlimgl a
transporting the artifacts. The artifacts were gack
appropriately and the transportation were done hg t
laboratory technicians.



A report was elaborated for each artifact calibdaand

the results were analysed for both laboratorieg dimalysis
of the results was done applying the calculationhod of
normalized errorEn). This method is widely employed in

interlaboratory comparison programs and the purpege

verify the laboratory quality measurement, relatedthe

uncertainty [3].En values less than the unity indicate that

the result is acceptable. In this case the erraoi®red by

the measuring uncertainty declared.

Lab 1 Lab 2
Temperaturg Correction / Uncertainty Correctipn / En
C) (°C) Uncertainty L)* (2)*
@* @) o)
0 (0,00 +0,04)| (0,00 +0,04) (0,02+0,05) 0,81 0,31
50 (-0,05 +0,05) (-0,03 +0,04)| (-0,03 +0,05)| 0,28 | 0,00
65 (-0,06 +0,05) (-0,06 +0,04) (-0,03 +0,05)| 0,42 | 0,47
80 (-0,04 +0,05) (-0,06 +0,04) (0,06 +0,05)| 1,41 1,87

I\
v (Ulab1)2 + (Upp)’

Vap1— laboratory 1 value;
V\an2— laboratory 2 value;
Uap1— laboratory 1 uncertainty;

. (1)

* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation.

Table 4shows the results for the artifact liquid in glass
thermometer, LGT-3.

Table 4. LGT-3 artifact results.

Uapo— laboratory 2 uncertainty . . .
Lab 1 Lab 2
The calibration points were previously definedshewn Temperaturd  COrrection / Uncertainty | Correction / En
in table 1. (°C) - ) - U”C(‘jg)a'”ty L (2)™
+ + +
Table 1. Artifacts and calibration points. 200 (0,13£0,06) (0,240,089 (0.15x0.07) 0.2 809
Avrtifact Range Calibration points 225 (-0,15 +0,06) (-0,16 +0,06)| (-0,12 +0,07)| 0,33 | 0,43
(°C) Q)
LGT-1 2010 20 720 0 20 250 (-0,17 #0,06) (-0,13 +0,06)| (-0,14 +0,10)| 0,26 | 0,09
LGT-2 -0.5t00.5;50t0 80 | 0; 50; 65; 80 o ) Lo
- - * (1), (2) : initial and final calibration by tHaboratory.
LGT-3 200 to 250 200; 225; 250 % (1), (2) : initial and final En calculation.
LGT-4 -0.510 0.5; 150 to 200 0; 150; 175; 200
TC-R 0101100 200; 400; 600, 800; 1000; 1100 Table 5shows the results for the artifact liquid in glass
TC-T 0 to 350 50; 150; 250; 350 thermometer. LGT-4
PRT-1 0 to 420 0; 100; 200; 300; 400 _
PRT-2 40100 0: -10: -20: -30: -40 Table 5. LGT-4 artifact results.

4. RESULTS AND DISCUTION

The calibration results ( correction, error, utaiety )

and the normalized erroEn, are presented in the tableg

below. Normalized errolEn was calculated according to
equation 1. Temperature values in this paper fdlow

International Temperature Scale-1990 (ITS-90). F

thermocouples and platinum resistance thermometesrs

Lab 1 Lab 2
Temoperature Correctio?) é )Uncertainty (L:J?]rcr:rctt;?nq ; En
(°C) (1) @) °C) = =
0 (-0,01 +0,06) (-0,04 +0,06) (0,04 +0,08)| 0,50 0,8(
150 (-0,51 +0,07) (-0,52 +0,086)| (-0,46 +0,09)| 0,44 | 0,55
br 175 (-0,23 +£0,07) (-0,19 +0,06)| (-0,18 +0,09)| 0,44 | 0,09
200 (-0,19 +0,07) (-0,14 +0,06)| (0,12 +0,09)| 0,61] 0,19

columnError, presented in the following tables, are relate
to the reference standards tables.

Table 2shows the results for the artifact liquid in glass** 1).@):

thermometer, LGT-1.
Table 2. LGT-1 artifact results.

* (1), (2) : initial and final calibration by tHaboratory.
initial and final En calculation.

Table 6shows the results for the artifact thermocouple
TC-R. The calibration method performed by Lab 1 was

measuring junctions welded [7].
Lab 1 Lab 2
Temperature Correction / Uncertainty | Correction / En Table 6. TC-R artifact results.
C) (°C) Uncertainty L)=* (2)*
@* @r Q) Lab 2 Lab 1
-20 (-0,03 £0,05] (-0,04 £0,04)| (-0,05 £0,05)| 0,28 | 0,16 Temperaturd Error / ngcenaimy ] Error/ En
0 (0,0520,04)] (0,0320,04) (0,05%0,05) 000 0,31 (°C) @ C) 2 ”C(?g;"'”ty = @
20 (0,02 +0,05)] (0,03 +0,04) (0,03+0,06) 0,14 0]00 200 (-0,5£0,3)] (-0,4+03] (03+09) 022 DL
o ) N 400 (-0,7+0,3)| (-0,6+0,3 (0609 013 30D
* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation. 600 (-0,8+0,9)| (-0,7+0,9 (-0,5+0,9 0,23 DL
. L 800 (0,1+£09)| (0,6+09] (04+09) 037 0,18
Table 3shows the results for the artifact liquid in glass
thermometer, LGT-2. 1000 (0,3+09)| (04+09] (0,1+0,9 031 Dp
Table 3. LGT-2 artifact results. 1100 (06£0.9) (0209 0.0£09 045 048




* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation.

Table 10. PRT-2 artifact results.

Lab 2 Lab 1
Table 7shows the results for the artifact thermocoupleremperaturs Error / Uncertainty Error/ En
TC-R. The calibration method performed by Lab 1 wds (°C) W 0 2 U”C('fgf“”ty (L (2™
measuring junctions separated (each one immersed im— ;g (-0,02 +0,04) (:0,03 +0,04) (:0,04 £0,04) 0,35 | 0,18
different hole in the furnace) [7].
-30 (-0,01 +0,04] (-0,02 +0,04)| (-0,03 +0,04)| 0,35 [ 0,18
Table 7. TC-R artifact results.
-20 (0,01 0,04 (0,00 +0,04)[ (-0,01 +0,04)| 0,35 0,18
Lab 2 Lab1 -10 (0,02+0,04) (0,01 +0,04)] (0,00+0,04) 0,35 0,18
Error / Uncertainty Error /
Tem(gg;atum C) Uncertainty (1)**5’22)** 0 (0,03 £ 0,01) (0,03 +0,01)| (0,01 +0,02) 0,89 | 0,89
@* @) )
200 (-05+0,3)| (-0,4+03 (-0,2+0,9) 0,29 ®,1 *(1), (2):initial and final calibration by tHaboratory.
e e . )
200 07:03)| (06203 (06z09 014 Dp (1), (2) : initial and final En calculation.
600 (08£09) (-0.7+09) (08209 043 DI  Analyzing the final data shown in tables 2 to 1@, ebserve
800 (01+09)| (-06+09] (0,7x09 0,61 o0,p6 thatthe results of the measurements are compdtblthe
1000 03209)| (04209 (04209 086 Db majority of the calibrations. (o)nly in the LGT-2 ifatt
calibration, at the point of 80°C, we found incatiple
1100 (06+09) | (02£09) (0309 0J3 ®L result. It was established that the laboratoriegta carry

* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation.

TC-T.

Table 8. TC-T artifact results.

Lab 2 Lab 1
Temperaturq - EO SN ey | (e
@ ) Q)
50 (0,1£0,2) (0,1+0,2) (0,1+0,5 0,00 0,00
150 (-0,1+03)] (02+0,3)] (0,1+05) 034 0,17
250 (0,1£0,3)| (-0,1+0,3 (-0,3+0,5) 0,69 0,34
350 (-0,2+04)| (-0,7+04 (-0,8+0,5 094 L

* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation.

Table 9 shows the results for the artifact platinum measurements

resistance thermometer PRT-1.

Table 9. PRT-1 artifact results.

out a critical analysis, in order to find out pdésicauses of
the problem, in that artifact calibration. This @stigation

involves to search problems such as:

measuring procedure,

ble 8shows th lts for the artifact th Lalculations,
Table 8shows the results for the artifact t ermocoup eproblems, calibration apparatus, uence factambient

incorrect

error

in the
stalsda

conditions, transcription of data. However, if welwot
find any problem in this initial inquiry, both lataiories
will perform a new calibration of the LGT-2 artitacThe
new results will be compared following the samecprure
described in this paper.
It is important to emphasize that for TC-R artifatwo

calibrations were performed by Lab.l, using défar
methods (welded and separated measuring junctids).
shown in tables 6 and 7, we can evidence the calilpgt

of the results for both calibrations.

5. CONCLUSION

This bilateral interlaboratory comparison prograrasw
one excellent opportunity to evaluate the qualitfy o

and

calibrations,

laboratories participants.
We consider that this interlaboratory program wesey
successful as shown in the result tables. Eigifaets were

performed by

the

Lab 2 Lab 1 calibrated (at least 3 times) and the total calibrapoints
Error / Uncertainty Error / performed were 102. The normalized err&@n() calculated
Temperaturg - : En . . -

°C) (°C) Uncertainty | (qyex () for seven artifacts showed total calibration result
) @ (°C) compatibility €n less than 1). However, for LGT-2 artifact
0 (0,05£0,01) (0,04 +0,01) (0,03£0,02) 089 | 045 e yerify that theEn calculated at 80°C showed results not
100 (0,08 + 0,03} (0,07 +0,03)| (0,08 +0,04) 0,00 | 0,20 compatible. TheEn result in this point was above 1. The

500 (0.11£0,03] (0,10 0,03)| (0,08 £0,05) 0,51 | 034 laboratories started investigation to find the mies

problem. Unfortunately, we did not have enough titoe

300 | (0.13+0,06) (0,13+0,06) (0,12£0,05) 013 | 0.13|  present, in this article, the investigation conidos

400 (0,13+0,06) (0,17 +0,06)| (0,19 +0,05)| 0,77 | 0,26 Certainly, we will have the opportunity to presdial

* (1), (2) : initial and final calibration by tHaboratory.
** (1), (2) : initial and final En calculation.

Table 10shows the results for the artifact

resistance thermometer PRT-2.

investigation in the Congress lectures.

This program also provided opportunity to estabbsh
exchange of experiences between the laboratories,
improving the knowledge of the technicians and igpalf

platinum services.
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