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Abstract

This paper reports information about calibration of digital hygrometers in the range of 10 %rh to 95 %rh. A procedure has
been developed in the NPP “Temperature measurements” Laboratory. The hygrometers has been calibrated against the standard
digital hygrometer with metrological traceability to SI units. The process of obtain the reading of standard hygrometer is
automated. The measurement model relating the input quantities with output quantity has been developed. Paper also describes
the details of estimation and expression the expanded uncertainty of measurement.

The laboratory demonstrates its measurement competence in relative humidity area by participation in the proficiency
testing scheme by interlaboratory comparison BIM-T-RH-2023-01. The results are presented and analyzed. The aims of this
comparison are to evaluate the performance of laboratories and to confirm their technically competence in the field of relative

humidity measurements.
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1. Introduction

The measurement and control of relative humidity
plays a significant role in the industry, pharmaceutical,
textile, food including various sectors such as electrical
plays a significant role in and aerospace. Its need is
increasing day by day with the modernization of
industries and awareness of quality system.

The main activities of laboratory are: ensuring
traceability of measurements in the NPP by calibration
to SI units, performance of metrological control of
measuring instruments.

The need to calibrate a large number of
hygrometers used for environmental monitoring in an
industrial plant such as Kozloduy NPP requires
developing the procedure of calibration, according to
ISO/IEC 17025 [1].

The detailed study of the uncertainty associated
with the measurement has been evaluated and discussed.

2. Calibration procedure

Calibration of Hygrometers is carried out by a
comparison method with a Standard Hygrometers by
measuring the relative humidity in a chamber
(Humidity Generator).

The measuring probe of the calibrated hygrometer
and the probe of the reference hygrometer are placed in
the generator chamber, so that their sensitive elements
are as close as possible to each other to reduce the
influence of the chamber gradient. When the set relative
humidity is stabilized the readings of the calibrated and
reference hygrometers are compared and the values of
relative humidity and its associated uncertainty,
expressed in the unit %rh, are determined for the
corresponding reading of the calibrated hygrometer.

The mathematical model of the reference relative
humidity value has been developed with following form:

Weg :V\_lstd + 8Wstd + 8Wdrift +8W,

linr

+ 8Wgrad + 6Winst b (1)

where W, is the humidity measured by a reference

hygrometer; oW, is the correction of reference

hygrometer taken from its calibration certificate; dW,,

is correction due to the drift of the reference
hygrometer, 8W,,, is correction due to nonlinearity;

dW,,, is correction due to gradient in the humidity
chamber; W,

e 1S correction due to

generator
instability the humidity generator chamber.

The mathematical model of the measured relative
humidity value with calibrated hygrometer has the
following form:

W, =W, + W, + AW , )
where: W, is the humidity measured by calibrated
hygrometer; W, is correction due to resolution of the

calibrated hygrometer; AW is correction for the
difference between the actual and measured relative
humidity.

The input quantities for the reference and
measured relative humidity are evaluated. Correction
dW,, is taken or calculated from the calibration

certificate of the reference hygrometer. The estimated
values of the remaining inputs have a zero
mathematical expectation.

The standard uncertainty of measurement of the
input quantities for the reference and measured relative
humidity value are determined.

When evaluating the value of the reference and
measure relative humidity the impact of the input
quantities, the functional dependence is linear and the
sensitivity coefficients are equal to unity.
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The expanded uncertainty of a digital hygrometer
measurement  defines the interval around the
measurement result. This interval is assumed to cover a
large part of the distribution of values that could be
attributed to the humidity measurement at a given point
with coverage factor k=2, corresponding to a
confidence interval of approximately 95%.

3. METCAL

procedure
Automated calibration
METTEAM has been
Metrological ~ Assurance
automated  calibration

automated calibration

web base software
implemented in the NPP
Department. METCAL

procedure  for  Digital

Hygrometers has been created based on the developed
methodology 82.M0O.00.MT.1868/00 [2].

METCAL automated calibration procedure is
created for digital hygrometer, type Testo 645.

The measuring instrument is used as proficiency
testing (PT) item in PT scheme, in which the NPP lab
was participated. The user screen in the METCAL
Editor is shown in Fig. 1.

The results of digital hygrometer calibration using
METCAL automated calibration procedure (Fig. 2)
confirm the results reported in interlaboratory
comparison describe below. This allows METCAL
automated calibration procedure to be used for
calibration of digital hygrometers.

IRE| Testo 645 Huminator Il CAL - MET/CAL Editor
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REVISION:
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NUMBER OF TESTS: 4
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STEP FSC RANGE NOMINAL TOLERANCE MOD1 MOD2 3 4 CON
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Fig. 1. User screen in METCAL Editor

PE3VITATH OT KAJIUBPUPAHE:

Met/Cal npoueaypa: Testo 645 CAL Huminator 11
MET/CAL Results

Touka na 3anajena H3smepena
Kaanbpupane croiinoct croiinoct
5+95 %RH
30.00 %RH 30,0 %RH
50.00 %RH 50.0 %RH
70.00 %RH 70,0 %RH

In Tolerance 0-WLT-1054237

Ok O Heonpese-
croiiHocT JIeHoeT
0,55 %RH 29,5 %RH 2.9 %RH
-0,10 %RH 50,1 %RH 2.9 %RH
-0,40 %RH 70,4 “%RH 2.9 %RH

Fig. 2. Calibration results from METCAI procedure

4. Interlaboratory comparison

The NPP laboratory has been participated in
proficiency testing (PT) scheme by interlaboratory
comparison BIM-T-RH-2023-01 with individual code
23RH-2.

The specific task of this comparison was to calibrate
digital hygrometer. The points of the measurements were
agreed to be 30 %rh, 50 %rh and 70 %rh.

Four laboratories took part in the comparison. The
Bulgarian Institute of Metrology (BIM), which is
accredited PT provider, according to EN ISO/IEC
17043/2023 [3] was the reference laboratory. The
comparison was organized and conducted by BIM.

The reported results and associated uncertainties
were used for the calculation of criteria E,,.

A. PT ltem

The PT item (subject of comparison) was a
standard digital hygrometer, Testo 645 with
measurement sensor and range from 0 %rh to 100 %rh.

The PT item was chosen to provide sufficiently
small uncertainty of the reference value with the
calibration and measurement capabilities of the
participants.

The PT item was demonstrated to be sufficiently
stable to ensure that they will not undergo any
significant change throughout the conduct of the PT

© Krasimir Bosilkov, Elena Nikolova, Snezhana Spasova, 2024



Metrology and Instruments
Calibration

1/2024

MeTponoria Ta npunagm
KanibpyBaHHs

round, including storage and transportation. A method
of comparison measurement was used.

B. Reference value

The assigned values (Xggr) are determined by
standard dew point hygrometer S4000 with
metrological traceability to PTB Germany. The
assigned values and their associated uncertainties are
determined in line with procedure of PT provider.

The Xggris calculated using the formula:

ARH, + ARH
X Rer :% > 3)

where: ARH, is the difference between measured by

PT item value and reference relative humidity value,
determined before participants; ARH, is the difference

between measured by PT item value and reference
relative humidity value, determined after participants;

The uncertainty of the Xrgr was determined using
the following formula:

Urgr = \/UZ(XREF)+UZ(XSTAB) , Yorh. 4)

where: U(X,g) 18 the standard uncertainty of the
laboratory; U(X¢p.) 1s the additional

component of the stability of the PT item for the period
of the performance of the comparison.
The expanded uncertainty of Xgg:

Urer = 2Uggg » %)

where: k=2 is coverage multiplier corresponding to a
confidence interval of approximately 95%.

reference

C. Performance of the labs

The purpose is to present the deviation from the
assigned value. The performance was evaluated by
using E|, criteria.

The criteria are calculated using the formula:

X X

LAB — “/MREF (6)
VU iks +Uger

where: X, is the result from participant; X . is the

E,=

assigned value; U, ,, is the expanded measurement
uncertainty of a participant’s result; U,.. is the

expanded uncertainty of the assigned value.
Performance is wusually evaluated relative to
conventional performance criteria as follows:
- the result is acceptable and generates no signal

when |En|< 1,0;
- the result is not acceptable and generates an
action signal when |En| >1,0.

D. Analysis of the results

The results were published in the Final report
dated 07 November 2023 [7]. The differences between
the results of the participating laboratories were
presented graphically in groups in comparison to the
reference laboratory Xpap-Xger for each measurement
point together with associated expanded uncertainty,
Fig. 3,4 and 5.

For each measured value of each laboratory, the
obtained results of the criteria |En| were presented
graphically.

The results of NPP lab are acceptable, |En|<1,0
for all points of calibration, Fig. 6,7 and 8. The desire
outcome is for the |En| value to be as close to zero as

possible.

Kipagfnes 30 %rh

2,00
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® REF ® 23RH-1 @ 23RH-2 23RH-3 @ REF

Fig. 3. The differences between the results of the participating
laboratories in point 30 %rh
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Fig. 4. The differences between the results of the participating
laboratories in point 50 %rh
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Fig. 5. The differences between the results of the participating
laboratories in point 70 %rh

En 30 %rh
1,00
0,00 . I : .
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Fig. 6. Criteria E, in point 30 %rh
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Fig. 7. Criteria E, in point 50 %rh Fig. 8. Criteria E, in point 70 %rh
5. Conclusion - the laboratory met the general requirements

The participation of NPP  Temperature  defined in ISO/IEC 17025 and confirmed the efficiency
Measurements Laboratory in the BIM-T-RH-2023 of the procedures, instructions and other technical

shows that: documentation needed to ensure the results of the
- the laboratory demonstrates that it is technically ~ digital hygrometer calibration; . . o

competent and can produce technically valid results in - the laboratory improved its claimed calibration

calibration it performs for its clients; and measurement capabilities (CMC) and may reduce it.
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KaniopyBanus uugpoBux rirpomerpis
Kpacumip bocinkos, Onena Hikonosa, Crixana Criacosa

AHoTanis

VY 11poMy JTOKyMEHTI MiCTHTBCS iH(oOpMaLlisi Ipo KaniOpyBaHHS HU(POBUX TirpoMeTpiB y mianaszoni Bin 10% BimHOCHOT
Bostorocti 10 95% BimHOCcHOT Bosorocti. B maGopatopii «BumiptoBanus temmneparypu» AEC po3po6ieHo MeToauky.
Tirpomerpu Oynu BimkamiOpoBaHi 3a cTaHAAPTHUM LU(POBUM TIrpOMETPOM 3 METPOJIOTIYHOIO MPOCTEKYBAHICTIO 10 OIHHHULD
SI. TIponiec oTpuMaHHs MOKa3aHb CTAHAAPTHOTO TiIrpOMETpa aBTOMATH30BaHUK. PO3po0IeHO MOenh BUMIPIOBAHHS, sIKa 3B'S3y€
BXiJIHI BEMYMHH 3 BUXiTHUMH. CTaTTs TAKOXK ONMHUCYE JETaJl OIIIHKKA Ta BUPAXKECHHS PO3IINPEHOT HEBU3HAUEHOCTI BUMIPIOBAHHS.
JlaGopatopist IEMOHCTPYE CBOIO KOMIICTEHTHICTh Y BHMMIpPIOBAHHI BiJHOCHOI BOJIOTOCTI ILISIXOM YydYacTi B CXeMi II€pEeBipKH
kBanigikanii nusxoM Mikiaboparoproro mopiBHsHHS BIM-T-RH-2023-01. Pesynpraté mpezicTtaBieHi Ta IpoaHaNi30BaHi.
MeTo10 1IbOTO MOPIBHSHHS € OI[IHKa IIPOLYKTHBHOCTI Ja00opaTopii i MiATBepKEHHS IXHBOI TEXHIYHOI KOMIIETEHTHOCTI y cdepi
BUMIPIOBaHHS BiJHOCHOI BOJIOTOCTI.

KurouoBi ciioBa: merpostoris, 1upoBuii rirpoMerp, KaniopyBaHHs, HeBU3HAYCHICTh, MDXKJIA00PAaTOPHI HTOPIBHIHHSI.
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