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Summary: Metrological assurance
comprises determination of metrological
features of instruments and accesories,
during the calibration process, before
usage. A level, together with levelling
rods, is a subject of calibration. The
calibration results at Serbian National
Metrological Institute (Directorate for
Measures and Precious Metals -
DMDM) and respectable scientific
institutions, Faculty of Civil Engineering
in Belgrade (GFUB) and Faculty of Civil
Engineeringin Ljubljana (GFULJ) will be
presented in this paper. In order to
confirm the method realiabillity and
calibration data in mentioned
institutions, calibration of the precise
levelling rod is performed. The results
obtained in laboratories are
transformed in statistical quantities due
to their easier interpretation and
comparison. Obtained results are used
for statistical analysis following the
procedures of interlaboratory
comparison, defined with ISO/IEC
17043 standard.
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Pe3ume: MeTteopornowko 06e3behere
nogpasymeBsa yTBphuBawe MeTeopo-
NOLKUX CBOjCTBA WHCTPYMEHTa W npw-
6opa y npouecy eTanoHupawa, npe
ynotpebe. HuBenvp n HuBENMaHcke
neTBe NOANEXY eTarnoHupaky. Y 0BOM
papy 6uhe npukasaHu pesyntaTu eTa-
noHvpawa y HaumoHanHoj MeTeopo-
nowkoj uHcTuTyumju Penybnuke Cpbuje
(Ovpekumja 3a mepe u gparoueHe
metane-AMOM), wn y [paheBuHCKOM
dakyntety y beorpagy (F®YB) un
paheBuHCcKkOM hakynTeT y JbyGrbaHu
(FdYIb). Y unrby noTBpAe noysaaHo-
CTU MeTode Y MOMEHYTUM WHCTUTYLM-
jama, u3BpLEHO je eTanoHupake
npeumnsHe HMBEeNMaHcKe neTse.

Pesyntaty pobujenn y nabopatopu-
jama cy TpaHcdopmucatn y cratuc-
TUYKE BENUYUHE paau HMXOBE nakiie
MHTepnpeTaumje K nopehewa. Ha
pobujeHMM pesyntaTMma je usBpLUeHa
cTaTucTMYKa aHanu3a y cknagy ca
npouedypama  mefynabopaTopujckor
nopeflewa koje cy AeduHucaHe
ctaHgapckom ISO/IEC 17043.
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1. INTRODUCTION

Accuracy of determination of height
differences using geometric levelling
can be better than 1 mm/km. The level,
together with the leveling rods, is the
subject of first calibration, periodic and
unplanned calibrations, which are
performed in the laboratories that
confirm their competencies to the
accreditation process, according to
ISO/IEC 17025 standard, or in some
other way. The laboratory has to use
the calibration methods that suffice
users' needs and which are convenient
for calibration in the laboratory. An
advantage is given to the methods that
are:

e published in international,
regional, and national standards,

e published in the publications of
honorable technical institutions,
relevant scientific papers and
journals, or

e specified by equipment
manufacturers.

DMDM is the leading metrological
institute in Serbia, which develops and
implements the infrastructural
measurements and provides the
accurate and reliable measurements in
accordance  with highest level
standards. DMDM, as a competent
national authority for establishment of
traceability of measuring results in
Serbia, calibrates the standards and
measuring equipment for the users of
its services. GFUB operates the
Metrological Laboratory for Angle and
Length Calibration within its scope,
which is accredited. Within its scope,
the laboratory created a Working
Manual for Calibrating Rods, Line
Scales, and Measuring Tapes up to 3 m
long. GFULJ realized, within its
professional and scientific activities, a
construction for calibration of precise

KrbyyHe peum: ETanoHupake, mMepHa
HeCurypHoc, HUBenMaHcka neTsa

1. yBoAa
TayHocT oapehuBara BUCUHCKNX
pasnuka MNPUMEHOM  reoMeTpujcKor

HMBENMaHa Moxe 6uTn n mama of 1

mm/km. Husenup 3ajegHo ca Husen-

MaHCKUM rfeTBama noafiexa npBoM

€TanoHvpakwy, NepuoguyHUM W BaH-

peaHuM eTanoHvpary Koje ce Bpln y

nabopaTopujama Koje cy noTBpaune

CBOjy KOMMETEHTHOCT y MpoLecy akpe-

avTtaunje npema ctaHgapay ISO/IEC

17025 wvnn Ha Hekn [pYrn HauuH.

Jlabopatopuja Mopa ga  kopucTu

mMeTode Koje 3adoBoSbaBajy notpebe

KOPUCHMKA W KOje Cy npuknagHe 3a

eTanoHvpawe y naboparopuju.

MpepHocT ce paje ynotpebu meTtoda

Koje cy:

e nybnukoBaHe y MehyHapogHum,
pernoHanHNM 1 HauuoHarnHUm
cTaHgapavma

e objaBmbeHe y nybnukaunjama
yrneaHux TEXHUYKUM
WMHCTUTYUMjaMa y peneBaHTHUM
Hay4YHVUM paZioBMMa U Yaconucuma
unm

e  cy crneunduumpaHe of
npoussofaya onpeme.

OMOM je Bogeha MeTeoporoLlka WH-

ctutyumja y Cpbuju koja passuja un

npumeryje MHpacTpyKTypHa Mepera

n koja obesbefyje TayHa M noysgaHa

Mepewa Yy cknagy ca cTaHgapauma

Hajsuwer HuBoa. AMOM, kao Hagne-

XaH gpxaBHu opraH y Cpbuju, BpLumn

eTanoHvMpara eTanoHa M mepuna 3a

KOpUCHUKe cBojux ycnyra. FdYb y ceom

cactaBy nma MeTteopornolky nabopa-

TOpWjy 3a eTanoHvpake Mepuna yrna u

OYXUHe, Koja je akpeguToBaHa. Y

okBUpy obuma akpegutaumje nabopa-

Topuja je caunHuna PagHo ynyTcTBO 3a

EtanoHupawe netBu, newupa K

MepHUx Tpaka oo 3 m [5]. FPYJb je y

OKBUPY CBOjUX CTPYYHUX W HAyYHUX

aKTMBHOCTM peanu3oBao KOHCTPYKLMjY

3a eTanoHupake MpeLm3HMX HuBen-
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leveling rods. The construction and the
method are realized in cooperation with
Technical Institute in  Munich. An
objective way for estimation and
presentation of reliability of the methods
and the calibration data is participation
in the inter-laboratory comparisons. It is
an important activity of the laboratory,
witnessing  about the laboratory
competence and the method validation.

2. RESEARCH SUBJECT

Calibration is “a procedure which, in the
first step, establishes a relationship
between quantity value with measuring
uncertainties given by standards and
corresponding readings with assigned
measuring uncertainties and, in the
second step, uses that data to establish
a connection for obtaining the
measuring results from the readings.
Calibration can be expressed in a
statement form, a calibrating function, a
calibration diagram, a calibration curve,
or a calibration table. In some cases, it
can consist of a correction added or
multiplied to the reading with the
assigned measuring uncertainty.”
[OIML V2-200:2012, 2.39], [10].

A question is: Why is calibrating of the
measures and the equipment needed?

Main reasons for making calibrations
are: assuring consistent values with
other measures and accessories,
determining accuracy of read values
and getting confidence in the measure
and the accessories. In order to check
the calibration results, connection
between DMDM, GFUB, and GFULJ is
done. Mentioned institutions have
applied their own calibration methods
and performed testing the error of the
rod’'s division with the measuring
uncertainties given by the standards.
Testing the division is performed for the
precise leveling rod 1,8 m long, Carl
Zeiss, serial number 55822, made of
invar (measuring segment), applied for

MaHcknx netasa. KoHcTpykumja u
MeToda Cy peanusoBaHe y capaghu ca
TexHU4KMM MHCTUTYTOM Y MuHxeHy.
O6jekTBaH HauMH 3a ouehUuBaHe U
rpukasmBame noy3gaHocTn meTopa u
rnogartaka eTanoHupamwa je ydvewhe y
mehynabopaTopujckum  nopeherwnma.
To je BaXkHa aKTMBHOCT KOja cBeJo4u O
KOMNeTeHTHocT  nabopatopuje 1
Banugaumju MeToae.

2. NPEOMET UCTPAXUBAHA

ETanoHupate "je noctynak koju, noA
ogpeheHMM  ycrnoBMMa, Yy  NpPBOM
Kopaky, ycnocTtaBrba OAHOC W3Mmehy
BpEeOHOCTU BENWYMHE Cca  MEpHUM
HeCUrypHocTuma Koje Aajy etanoHu u
oproeapajyhmx nokasmBawa ca npug-
PY>XEHUM MEPHUM HECUTypHOCTUMA U, Y
OPYrom Kopaky, KOpucTu Taj nogaTak aa
ycrnocTaBu Besy 3a  pobujame
pesyntata Mepewa W3 MNoKasvBaa.
EtanoHupamne MOXe  fa oyne
n3paxeHo y obnuky usjaBe, dyHKUMje
eTanoHvpawa, Aujarpama eTanoHu-
pawa, KpuBe eTanoHupawa  Wnu
Tabene. Moxe pa ce cacTtoju of
KOopeKuuje Koja ce gonaje UM Kojom ce
MHOXMW MOKa3uBake ca MpuapYXeHOM
MepHOM HecurypHowhy" [OIML V2-
200:2012, 2.39], [10]. MNocTaBrba ce
nuTawe: 3awTo je noTpebHO BpLIMTK
eTanoHvpare Mepuna u onpeme?

OCHOBHYM pa3nosun 3a eTanoHvpame cy:
obesbenymBara KOH3UCTEHTHUX Bpen-
HOCTM Ca ApYruMm MeperrMma 1 npubo-
poMm, ogpehuBare TayHOCTU OYUTaHMX
BpeOHOCTU U CcTuuaka noBepewa Yy
Mepuro u npubop. Y umrby nposepe
eTanoHMpawa MW3BPLUEHO je MoBe3un-
Bake [OMOM, TOYE wun T[dYb.
MomeHyTe MHCTUTYUMje Cy NpUMeHune
BnactTuTe MeTOAe eTanoHupawa U
U3BpLUNIIE UCMUTMBaKE rpeLUKke noae-
ne neTBe ca MEPHUM HECWUrypHocTuma
Koje pgajy etanoHu. Wcnutnsawe
nogene je M3BpLUEHO 3a HUBEIIMAHCKY
netsy ayxuHe 1,8 m. Carl Zeiss,
cepujckn 6poj 55822, HaummweHa of
MHBapa (MepHuM [e0) U HaMeweHe 3a
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precise geometric leveling. Nominal
accuracy of the rod is £0.01*D, where D
is the length in metres.

2.1. TESTING THE ERROR OF THE
ROD DIVISION

The leveling rods consist of the invar
tape and basis. The invar tape is 24
mm wide and 1 mm thick, with precisely
made division in the form of lines. The
rod’s basis can be wooden or made of
some light alloy, often aluminum. The
division on the invar tape and the basis
of the classic rods is double. The
divisions are slided mutually for a
certain offset which is called the rod
constant. A difference between the
nominal and the measured value of the
dashes is the error of the rod’s dash.
The values that are determined, i.e.,
tested, are those on the invar tape.

For determination division errors of the
rods, the company Zeiss produced an
optical measuring machine (Fig. 1),
which accuracy is micrometer level.
The measuring machine consists of the
carrier, where the rod is placed, a fixed
part that materializes the beginning of
the rod, and a moving part with two
tracks (for rough and fine tuning, i.e.,
reading), where the optical part for
reading is placed. Measuring procedure
is the following:

The side of the rod is placed to the
carrier, in the way that the beginning of
the rod approximately coincides the
beginning of the measuring machine
division.

Npeun3Hn reoMeTpUjCKM  HUBENMaH.
[eknapucaHa TayHOCT neTBe je
+0.01*D rge je D y meTpuma.

2.1. UCNMNTUBAKE NPELLKE
NOAENE NETBE

HuBenmaHcke netBe ce cactoje of
MHBapcke nNaHTibMKe Wu ocHoBe. WH-
Bapcka NaHTIbMKa je WupuHe 24 mm un
aebreuHe 1 mm, ca NpeLm3HO HaHETOM
nogenom y Buay uptuuya. OcHoBa
netee Moxe OuTM ApBeHa wunu Han-
paBrbeHa OO Heke nake rnerype,
Hajyewhe anymuHujyma. [llogena Ha
WHBapCKOj MaHT/bULM M OCHOBW KOA
KnacuyHux neTtaBa je [ABOCTPYyKa,
rnogene cy CMakHyTe jedHa y OQHOCY Ha
apyry 3a opgpeheHun pasmak Koju ce
HasnMBa KOHCTaHTa neTBe. Pasnuka
n3mefly HoMMHanHe (YCNOBHO TayHe) 1
u3MepeHe BpedHOCTM MoJdeoka je
rpewka mnogeoka neTse. BpepgHocTu
Koje ce oapehyjy, Tj. UcnuTyjy, cy oHe
Ha WHBapcKoj MaHT/LMUM. 3a ogpe-
huBawe rpellaka nogene netse dup-
Ma Zeiss je KOHCTpyucana OnTu4Ky
MepHy mawmHy (cn. 1.) yvja je TayHocT
pefda mukpomeTpa. MawwvHy ce cactoju
0 HOcaya Ha Koje ce mocTasrba NeTsa,
HerokpeTHOr fena KojuMm je martepu-
janusoBaH no4eTak nogene W Mok-
peTHOr Aena ca ABoja konvua (3a rpybo
M (uHO nomepane, Tj. ynTawe) Ha
KOjMa je MOHTVMpaH ONTWYKM Aeo 3a
yntamwe. [locTtynak mepewa je cne-
Aehu: Ha Hocaye ce neTBa MOCTaBu Ha
60K Tako Ja ce moveTak noferne netse
npubnmxHO noknmana ca Mo4eTKoM
nogene MepHe MallvHe.

Cnuka 1. MepHa mawwnHa (komnapartop) upma Zeiss
Fig. 1: Measuring machine (comparator) company Zeiss
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By moving the track, aiming of each
decimetre of the rod is made, and the
value of the length on the track is read
in each position. The same procedure
is repeated for the other rod division.
Processing consists of calculating the
average values from the measurements
forward-backward for each measured
dash of the division, and calculating the
differences  betwrrn  nominal and
measured values.

These differences are the corrections
which should be added to the
measured values. They represent the
errors of the rod division. represented
by the linear regression line:

Momepatbem  konuua  BpwM  ce
BM3UpakEe CBaKor JeLuumeTpa neTese 1
npy CBakOM MOfoXajy ce ounTta
BpeOHOCT AyXMHe Ha konuuuma. Uctu
nocTynak ce MOHOBM 3a Apyry nogeny
netee. Obpaga ce cacToju y payyHary
cpeawux BpedHOCTM U3 Mepena
Hanpea-Ha3az 3a CBaky U3MepEHY LpTy
nogene u padvyHawy pasnvka usmehy
HOMMWHaNHUX U MEPEHUX BPEAHOCTMU.
OBe paanuke cy nonpaeke koje Tpeba
4O4aTV MepeHUM BPeAHOCTMMAa U OHe
npeacTaerbajy rpellke nogerne neTee,
KOja ce npeAcTaBrba NpaBOM NMHeapHe
perpecuje:

y=k-x+n

Where:

k-slope of the linear regression line,
representing the linear sistematic
change of the measure scale, i.e., the
average meter of the rod.

Based on the nominal values of the
division dashes and the corresponding
deviation of the measured from those
nominal values of the division, the
graph of the differences is drawn. The
nominal values of the measure are
applied to the X-axis of the diagram,
while deviation values are applied to
the Y-axis. If there is a slope of the line
(k), it can be concluded that the rod
division has a linear systematic error
which is expressed in cm/m and it
represents the average meter of the
rod.

With the appearance of the lase
interferometers, optical reading of the
lengths is abandoned. Nowadays, a
prism and a CCD camera are placed to
the moving track, in the way that the
lengths are measured by the
interferometer, and aiming is performed
by image procession. Of course, the
interferometer is needed to be
calibrated and the corrections for the
interferometer errors should be added
to the measurement results. The
accuracy of this method depends on
the interferometer accuracy, which is
half of the micrometre or better.
Determination of the errors of the rod

roe je:

k-Harné npaBe nuHeapHe perpecuje
KOju nmpeacTaBrba NuHeapHy cucrtema-
TCKy MpOMeEHy pasmepe mepwna, Of-
HOCHO Cpeftbu MeTap neTee.

Ha ocHOBYy HOMMHaMHUX BpegHOCTU
uptMua nogene u  oprosapajyhux
oacTynawa MepeHUX Of TUX HOMU-
HanMHUX BpeaHOCTW nogene, upTa ce
rpacdukoH pasnuka. Ha X-ocn auja-
rpamMa ce HaHOCe HOMWHarnHe Bpef-
HOCTM Mepwna, a Ha Y-0Cu BPefHOCTU
OACTyMawa. YKONMMKO MOCTOjM Harnb
npaese (k), MOxe ce 3akibyunTM Aa
nogena netBe uma INWHeapHy cuc-
TemaTCKy rpeLlky koja ce m3paxasa y
cm/m un Koja npeAcTaBrba cpedrU
Memap siemee.

MojaBom nacepckux nHtepcdpepometapa
HanyLTEHO je ONTUYKO YNTare AYXUHA
M caja ce Ha TMoKpeTHa Konuua
noctaerba npuama n CCD kamepa Tako
Ja ce [JyKMHe Mepe Iacepckum
UHTEpdEPOMETPOM a BU3Mpawe Cce
BpwM obpagoMm cnuke. HapasHo,
notpebHo je Oda u uHTepdepomeTap
Oyne eTanoHvpaH u ga ce y pesynrate
Mepera YHecy nonpaBke 3a rpeLluke
uHTepdepomeTpa. TayHOCT OBE METO-
0e 3aBWCM Of TadyHOCTU WHTepde-
poMeTpa, a TO je mnonma MWKpPOMETpa
unn 6Gorbe. OppehuBarbe rpeluaka
nogene netese, ce BpwuM  Npu
Temnepatypu 20 °C +2 °C.

MepHa HecurypHocT je napameTap,
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division is performed at the temperature
of 20°C + 2°C.

Measuring uncertainty is a parameter
joined to the measurement result,
which, in fact, expresses the quality of
the presented result. The mathematical
model of the measurement is presented
with the measuring result e, given by
the expression [2]:

npuapyxXeH pesyntaty Mepewa, Koju
3anpaBo M3pakaBa KBanuTeT WCKa-
3aHor pesyntara. MaremaTtuuku mogen
Mepewa je nNpeacTaBibeH  MEpHUM
pesyntatoM e u pat je crnegehum
n3pasom [3]:

e=lp - (L+ a0 )= Iy +Erez +Ecos +Emp + €4

Where:

e- deviation at 20°C,

Im — length of the trail between the
reference and the measured position
[Ch — linear temperature coefficient of
the measure expansion,

[Ch — temperature deviation of the
measure at 20°C,

I — corrected length presented by LI,
erez — error of the reading difference
between the current and the starting
dash of the measure division,

€cos1 — Measurement error due to non-
alignment of the measure (expected
value is 0),

€cos2 — Measurement error due to non-
alignment of the laser beam (expected
value is 0),

emp — error of the backlash (expected
value is 0),

ea — error caused by angular
displacement of the optical microscope,
Abbe’s error (expected value is 0).

Applying the error propagation law and
developing the function e into Taylor
series, the measuring uncertainty can
be expressed by the expression [3]:

2
€cos1

Where:

u(ly ) - uncertainty of the trail length
between the reference and measured
position, u(lm)=(1,5-1) um, for ['in m.
u(am) — uncertainty od the linear

¢ 'uz(ecosl)Jngcos2 'UZ(ecosz)+C§mp

roe je:

e - Aesujaumja Ha 20°C,

I -ByXvHa nyTare nsmehy
pedepeHTHOT 1 MepHOr Nnonoxaja,

Oy -NMMHEeapHW TemnepaTypHu
KoedUUMjeHT Lmpera Mepuna,

6, - oacTynare Temnepartype mepuna
oa 20°C,

||| -nonpaBrbeHa AyxuHa nprkasaHa
o LI,

€rez -TPELLUKA pasnuke yntama Tekyhe un
noyeTHe upTuLe nogene mepuna,

€cos1 -TPELLKA Mepeta ycneq
HenopaBHawa Mepuna (o4ekvBaHa
BpeaHocT je 0),

€cos2 -TPELLKA Mepera ycnen
HernopasHaHa Nacepckor 3paka
(ouyekmBaHa BpegHocT je 0),

€mp - FPELLKa MpTBOr XoAa (ovek1BaHa
BpeaHocT je 0),

e, -rpeLuka y3poKkoBaHa yrnoBHUM
oacTynaweM OMTUYKOr MUKpOcKona
Abbe-oBa rpeLuka (o4ekmBaHa
BpeaHocT je 0).

MpumeHoM 3aKkoHa npeHoca rpellaka u
pasBujarbeM y TejnoBop pea dyHKLUMje
e, MepHa HeCUrypHOCT ce MOoxXe
npeactaBuT nspasom [3]:

-uz(am)+c§m -u2(9m)+c|2LI ~u2(l,_,)+c§m U2 (eryy )+

2 2 2
u¥femp )2, u%e)
roe je:
u(ly, ) - HECUrypHOCT AyxUHe NyTarse
nsmehy pedepeHTHor n MepHor
nonoxaja, U(ly)=(1,5-1) um, 3aly m.
u(a )- HecurypHocT nuHeapHor
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coefficient of the temperature
expanding, u(e,)=(1-10 °C'1)/\/§
u(6bm) — uncertainty of the temperature
deviation, u(ém) = 0,10°Cm

u(lu) — uncertainty of LI reading, u(l,)

=(0,1:1) um, for I in m

u(eraz) — uncertainty due to the error of
the reading difference between the
current and the starting dash of the
measure division. It is calculated via
reading (aiming) error, which is
determined for each operator that
performes  measurements, as a
standard deviation of minimum ten
readings of one dash, u(eraz):u(ecit)-

V2

U(ecos) — uncertainty caused by the
cosine error due to non-alignment of
the measure, u(ecos):(0,0S-I) um, for |
inm

u(ea) — uncertainty caused by Abbe’s
error, u(ea) =0

u(emp) — uncertainty
backlash, u(emp) = 0.

caused by

Standard uncertainty of estimation of
input values is represented via upper
and lower limit of the measuring range,
which, in this case, represent values
from 1 mm to the nominal values (1000
mm to 3000 mm) tested in laboratory
conditions. Final expression of the
measuring uncertainty is represented
by the combined measuring
uncertainty, given by the following
expression:

koeduLmjeHTa TemnepartypHor
wipetsa, U(ay )=(1-109°C1)/ 43
u(am)- HEeCUrypHocT aesuvjaunje
Temnepatype, u(4y,)=0,10 °C
U(||_|)- HecurypHocT LI nokasueamsa,
u(ly)=(0,1:y um, 3aly m

u(eraz)- HECUrypHoCT 300r rpeLuke
pasnuke Yntawa Tekyhe n noveTHe
upTUUe nogene mepuna. PauyHa ce
NPEeKo rpeLuke YmTama (Bu3npara)
u(ecit) Koja ce ogpehyje 3a cBakor
oneparepa Koju BpLUM MepeHsa Kao

cTaHAapAHa AeBujaumja 3 MUHUMYM
JeceT unTama Ha jedHoj LpTuum,

U(eraz )= ulecit) - V2
U(eos ) - HECMTYPHOCT y3pOKOBaHa

KOCWHYCHOM PELLKOM Yycneq
HenopasHaHa Mepuna, u(ecos) =(0,03:1)

um, 3alym
u(ea)- HECUrypHOCT y3pokoBana Abbe-

OBOM rpeLLKOM, u(ea)zo
u(emp)- HECUrypHOCT y3poKoBaHa
MPTBUM XOO0M, u(emp)=0

CraHpapaHa HecurypHocT oLeHe ynas-
HUX BenuMuMHa npefcraBrba Ce Npeko
ropkse M OOH€e rpaHuLe MepHOr paHra
Koju y OBOM cnydajy npeacrtasrbajy
BpegHocTM ogd 1 mm Ao HOMMHanHe
BpegHoctn (1000 mm - 3000 mm) koja
ce ucnutyje y nabopaTopujcknum ycrio-
BumMa. KoHayaH wus3pa3 mepHe Hecu-
rYPHOCTM npeAcTaB/ba Ce KOMOGWHO-
BaHOM MepHOM HecurypHoluhy Koja ce
nobwvja cnegehum n3pasom:

u=U% um +(U% - U? Jun-D 4)

Where:

U — combined measuring uncertainty
U9, U9 — measuring uncertainty for
lower and upper limits of the measuring
range,

D — length in meters.

Measuring uncertainty is determined by
summing all errors that exist in the
measuring model. The errors of the
measuring model can be predicted in
forward, because they are defined by

roe je:
u - KOMOMHOBaHa MepHa HECUTYPHOCT,

ud u9- MepHa HECUTYPHOCT 3a [0HY U
ropky rpaHuLly MepHor paHra,

D - oyuHa y MeTpuma.

MepHa HecurypHocT je oppeheHa
CymMypaweMm CBUX rpewaka Koje
durypuwly y moaeny mepera. 'peluke
mModena Mepewa ce MOory yHanpep
npegsuaetTm jep cy  aeduHucaHe
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the apparatus itself used for the
measurement, except the aiming error,
which is determined for the operator
performing measurement u(€cit).

2.2. CALIBRATION PROCEDURE IN
LABORATORY DMDM

For calibrating the length measures,
DMDM uses measuring equipment
consisting of: the universal measuring
machine with two carries and two pairs
of the prisms, made by the company
Carl Zeiss; the laser interferometer (LI),
HP 5526 A; automatic compensator HP
5510 A with the temperature and
pressure sensors; the sensor for
measuring material temperature HP
10563A. In the room where the
measuring equipment is located, a
stable temperature of 20° + 0,5 °C is
kept 24 h a day. A process of operating
check of the laser interferometer
precedes the calibration. Measuring
procedure assumes that the rod is fixed
and horizontally and vertically aligned.

The material temperature sensor is put
of the calibrating rod, while the
temperature and air pressure sensors
are situated in the vicinity of the desk.
The value of the temperature expansion
coefficient is entered to the
interferometer, using the value for the
material that the rod is made of. The
sensors are connected to the display
unit of the interferometer and,
according to the data they collect and
the entered coefficient, calculation of
the correction occurred due to the
thermic expansion of material.

According to the nominal values of the
division and corresponding deviations,
a graph of the differences in the form of
the linear regression is drawn. Standard
uncertainty of input values estimation
for the lower limit of the measuring
range (1 mm), in described conditions
and with DMDM laboratory equipment,
is estimated to 0,72 pm. Standard
uncertainty of the input values

camMoM anapaTypoM Mepetksa, M3y3eB
rpeLuke BusMpara koja ce ogpefhyje 3a
onepaTepa Koju BpLUM MepeHa u(ecit).

2.2. NOCTYNAK ETAIIOHUPAIBA Y
NABOPATOPMJU OMOM

3a eTanoHupawe Mepuna AyxuHa
OMOM kopuct MepHy onpemy Kojy
ynHe: YHMBep3anHa MepHa malumHa ca
[Ba Hocaya v ABa napa npusmMm Koje cy
npousBegeHe of crtpaHe cdupme Carl
Zeiss; Nacepcu nHtepdepometap (LI),
HP 5526 A; AytomaTckn KomneH3aTop
HP 5510A ca ceH3opom 3a TemnepTypy
n nputucak Basgyxa; CeHsop 3a
Mepere Temnepatype matepujana HP
10563A. Y npocTtopujn roe je
CMellTeHa MepHa onpemMa y nepvogy
on 24 h oppxaBa ce cTabunHa
Temnepatypa og 20 °C = 0,5 °C.
ETanoHupamy npeTxoau npouec
npoBepe paga nacepckor uHTepde-
pomeTpa. MepHa npouenypa noapasy-
MeBa fa ce netsa cukcmpa u ga ce 3a
Y W3BPLWM XOPM3OHTaNHO W BEpTU-
KarHo nopaBHame€.

Ha neTBy koja ce eTanoHupa nocraerba
ce CeH3op Temnepatype MaTepwujana
[OK ce y HernocpeaHoj 6nunsnHe knyne
Hanasn CeH30p 3a Mepewe Temnepa-
Type Basgyxa W nputucka. Y WHTep-
hepomeTap ce 3aTUM yHOCK BpeaHOCT
TemnepaTtypHor KoedvuujeHTa Lwmpe-
Hba 3a Mmartepujan o kKora je Ha-
npaBrbeH MHBap Ha netsn. CeHsopu cy
noBe3aHW Ha EeKpaHCKy jeauHuuy
WHTEepdepomMeTpa M Ha OCHOBY noaa-
Taka Koje OHW NpUKynrbajy u koedu-
UnjeHTa Koju je yHeT, ayTomMaTcku ce
BpwK obpayyHaBawe Kopekuuje Hac-
Tane ycnen TEPMUYKOr LUMpeHa Ma-
Tepwvjana.

Ha ocHOBy HOMWHanNHWX BPELHOCTU
nogene wn ogrosapajyhux oacTynama,
upta ce rpacukoH pasnuka y Buagy
nuHeapHe perpecuje. CrtaHgapaHa
HECUTYPHOCT OLIeHe YynasHUX BEenu4uHa
3a JOkbY rpaHuuy mepHor padra (1 mm)
y OnucaHum ycrioBumMa M ca Ornpemom
na6opatopuje OMOM npouemyje ce Ha
BpegHocT 0,72um. CtaHgapgHa Hecu-
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estimation for the upper limit of the
measuring range (3000 mm) is
estimated to the value of 2,87um, with
the extension factor k=1 [1].

2.3. CALIBRATION PROCEDURE AT
THE LABORATORY FGUB

In the Laboratory FGUB, for deter-
mination of the division error of the line
scales, measuring tapes and levelling
rods, the laser interferometer method is
implemented. GFUB uses measuring
equipment consisting of: a coordina-
tograph, the laser interferometer HP
5528A, air temperature sensor HP
10751B, air pressure sensor HP
10751B, material temperature sensor
HP  10757B. The interferometer
contains a multiplication constant of
1.00001362562009, which is necess-
arry to apply to the measuring
quantities. Before starting the measu-
rements, a two hours tempera-ture
accomodation of the rod is applied. The
rod is put on the coordinatograph, and
the interferometer is aligned. The
temperature sensor is placed to the
invar part of the rod, and let there for
about ten minutes, to stabilize the
reading on the sensor. After that, each
decimeter of the rod is measured.
According to the nominal values of the
division and the corresponding
deviations, the graph of differences, in
the form of the linear regression, is
drawn.

The measuring uncertainty for the lower
limit of the measuring range (1 mm), in
described conditions of the GFUB
laboratory, is estimated to the value of
0,34 um. The measuring uncertainty for
the upper limit of the measuring range
(2000 mm) in the described laboratory
conditions is estimated to the value

1,50 um [4], [5].

2.4. CALIBRATION PROCEDURE AT
THE LABORATORY GFULJ

For determination of rod division errors,
GFULJ uses the optical comparator

FYPHOCT OueHe ynasHuWX BenuyMHa 3a
ropwy rpaHuly MepHor padra (3000
mm), npouemwyje ce Ha BpeaHocT 2,87
um., dpaktop npowmpena k=1, [1]

2.3. NOCTYNAK ETAIIOHUPAHA Y
NABOPATOPUJU T®YB

Y nabopatopuju F'dYB, 3a ogpehusa-
e rpellke nodene newupa, MepHUX
Tpaka W HMBENMaHCKMX  NeTBu,
npyMewyje ce MeToga MepereM
nacepckum unHTepdepomeTpom. OYB
KOPUCTM MEpPHY OMnpemMy KOjy YWHe:
KoopauHatorpady, Jlacepcku wuHTep-
depometap HP  5528A, ceH3op
Temnepatype Basgyxa HP 10751B,
ceHsop nputucka HP 10751B: CeHsop
Temneparype matepujana HP 10757B
WHTepdepomeTap nocegyje Myntu-
NAUKAUWMOHY  KOHCTaHTy  4uvja e
BpegHocT 1.00001362562009, 3a Kojy
je HeomnxogHO KopuroBatM MepeHe
BpegHoctn. [lpe noyeTka Mepera
BplIM Cce Tewmnepupawe JeTse Yy
Tpajarwy ABa Yaca. JletBa ce nocrasrba
Ha koopauHatorpad v npuctyna ce
nopaBHawy WuHTepdepomeTpa. Ha
WHBapCKn f[eo neTBe Ce MocTaBrba
CeH3op TemnepaType MaTepujana wu
OCTaBrba Ce OKO AeceTak MMHyTa Kako
O ce uuTawme Ha CceH3opy cTabu-
nu3oBano M HakoH Tora, ce BpLIK
Mepera CcBakor geuumeTpa netse. Ha
OCHOBY HOMUHAIHUX BpeAHOCTH
nogene u oproeapajyhux oactynama,
upta ce rpadukoH pasnuka y Bugy
nvHeapHe perpecuje.

MepHa HecurypHOCT 3a AOhY rpaHuuy
MepHor paHra (1 mm) y onucaHum
ycrosuma nabopaTtopuje royb
npouemwyje ce Ha BpegHocT 0,34 pm.
MepHa HecurypHoCT 3a ropky rpaHuuy
mepHor paHra (1000 mm) y onucaHum
ycrosumMa nabopatopuje npouemnyje ce
Ha BpegHocT 1.50 um. [4], [5].

2.4. NOCTYNAK ETAIIOHUPAHA Y
NABOPATOPUJU TdYIb

3a oppehuBame rpewaka nogene
netse ®YJb KopuUCTM ONTUYKY KOMMa-

| 35BOPHVK PALOBA TrPABEBMHCKOIr ®AKYNITETA 33 (2018) |



Zeiss, which has got a new, modern
form and content. The adapted
comparator is used for precise
horizontal and vertical alignment with a
length measure placed at the specially
designed measuring track. The optical
part of the measuring system contains
a standard, b/w CCD camera, a lens
and the optical prism, which allows the
optical axis of the lens to be parallel
with the axis of the movable track. The
comparator is equipped with the
measuring tape made by British
manufacturer RENISHAW. An
integrated  measuring  device s
connected to PC used for controlling
measurements via the additionally
installed hardware and software. Image
processing assumes partial image
processing and whole image
processing. Partial image processing is
related to each dash of the rod division.
Contours on the image (rod division),
expressed in the pixel coordinate
system are transformed to the contours
in the measuring device coordinate
system. Whole image processing
assumes calculating the  mutual
distance and relationship for the
contours drawn during the interpolation
procedure in partial processing. [6].

Stable temperature of 20°C #0,5°C is
kept in the room where the measuring
equipment is located. Additionally,
temperatures of the comparator and the
levelling rod are measured, and the
correction caused by thermic expansion
of the rod is calculated. The difference
graph, in the form of the linear
regression, is drawn according to the
nominal values of the division and the
corresponding deviations.

3. RESEARCH RESULTS

Measurements for the purpose of
calibrating and determining the average
metre of the precise levelling rod S/N
55822 in the laboratories DMDM and
GFUB are performed by manual aiming
od the rod division. The observer

patop cdupme Zeiss koju je Jo6uo HoBM
caBpeMeHU 06MKK 1 cagpXaj.
MpepaheHn komnapaTop ce KopucTu 3a
NPeLUn3HO XOPU3OHTANHO U BEPTUKAIHO
nopaBHaH€ Ca MOCTaBIbEHUM Mepayem
AYyXMHEe Ha nocebHO An3ajHupaHum
MepHUM  konmuumma.  OnTudkn  geo
MepHOr cucTeMa CagpXu cTaHdapaHy
upHo-6eny CCD kamepy, CO4YMBO U
ONTWYKY MPWU3MYy Koja OMoryyaBa oOf-
TMYKOj Ocu coumBa Aa byae napanenHa
Ca OCOBMHOM MOKPETHMX Konuua.
Komnapatop je onpemrbeH MepHOM
TpakoM nNpou3BeAeHOM Of CTpaHe
OputaHckor npoussohaya RENISHAW.
WHTerpucaHm mepHu ypehaj je nosesaH
Ha PC padyHap 1 ca kojum ce mepera
KOHTpONULY MpeKko [OoAaTHO MHCTa-
nupaHor xapasepa n codraepa.
O6papa cHumaka nogpasymesa: Aenu-
MU4YHy 06pagy cHMMKa 1 obpagy uenor
CHuMKa. lenumunyHa obpaga cHuMmKa ce
OAHOCWM Ha CBaKy UuUpTWULy nogene
netBe. KoHType Ha cHuMKy (mogene
neTBe) wuspaxeHe Y KOOPAMHATHOM
cucTeMy nukcena ce npetsapajy Y
KOHTYpe Yy KOOPAMHATHOM CUCTeMy
MepHor ypehaja. Obpaaa Lenor CHMMKa
nogpasymeBa pfa Ce 3a W3ByYeHe
KOHTYpe y MOCTYMKy WHTepnonauuje y
OenumuyHoj obpagn wuspadyHa Mehy-
CcobHO pacTojakbe U opHoc [6]. Y
NpocTopuju rAe je cMelTeHa MepHa
onpeMa ogpxaBa ce cTabunHa Tem-
nepatypa og 20 °C = 0,5 °C. logaTHO
ce Mepu u TemnepaTtypa komnapartopa
W HMBENMaHcKe neTeBe 1 ayToMaTCcku ce
BpLUN obpavyHaBare Kopekuuje
HacTane ycneg TePMUYKOr LWMpeHa
netBe. Ha ocHOBY HOMUW-HamHUX
BpegHOCTU nogene u oAaro-sapajyhux
oAcTynawa, upTa ce  rpadukoH
pasnvika y Bugy nuHeapHe perpecuje.

3. PE3YNTATU UCTPAXUBAHA

Mepeta y uuby eTanoHupawa U
oapehuBamwa cpearwer metpa npeuu-
3He HuBenmaHcke netBe, Carl Zeiss,
cepwjckn ©Opoj 55822, y nabopato-
pujama OMOM un FdYB usBpeHa cy
MaHyenHuM BU3Mpakem rnogere nevse.
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approaches to aiming and reading of
each decimetre of the division. Before
starting of measuring, the temperature
accommodation of the measure was
done, which lasted for 2 h. The levelling
rod is placed, fixed and aligned to the
measuring surface. The material
temperature sensor is placed to the
invar part of the rod, and left there for
about ten minutes, in order to stabilize
the reading of the sensor. Each end of
the dash on the rod is aimed five times,
with estimating the arithmetical average
of those two readings (Fig. 2).

Onaxay je npucTynvo BU3Mpaky U
ouMTaBamy CBaKor AeuumeTpa nogene.
lMpe nodveTka Mepera WU3BPLUEHO je
Temnepupare mMepuna v agantaumja y
Tpajary of 2 h. HuBenmaHcka netea je
nocTaBrbeHa, (oMKCupaHa 1 nopasHaTta
Ha MepHOj noBpLWMHKW. Ha wHBapcku
[eo neTBe je MOCTaBIbEH CEH30p
TemnepaTtype maTtepujana U ocTaBIbeH
OKO [JeceTak MWHyTa Kako 6u ce
ynTakbe Ha CeH3opy cTabunusosano.
3a neTtBy je BpweHO Bu3Mpawe oba
Kpaja upTuue no neT nyta, U oueHeHa
je apTumeTudka cpeguHa u3 Ta [OBa
yntama (Cnuka 2).

1 2 3 i
clcr ciocr i oo

@ ©

Cnuka 2. lNMocTtynak yntana (Bn3mparsa)

@

«

Fig. 2: Procedure of readings

Each division on the rod is measured
forward and backward. The average
reading for each measuring dash |
determined with the standard deviation:

Ceaka nogena Ha neTBu je MepeHa
Hanpen v Hasag. Cpedmwe unTawe 3a
CBaKy MepHy upTuuy je oapeheHo y3
cTaHgapaHy Aesujauujy Kao:

Obtained results are compared with the
nominal values, to see if there were any
systematic influences or irregularities.
The difference from the nominal value
is calculated for each measuring dash
using the expression:

[obujeHn pesynTtatu cy ynopeheHu ca
HOMWHaNHUM BpeaHOCTUMa kako 6u ce
yBUAENO Aa nu nocToje CUCTeMaTCcKu
yTuuaju n HenpasunHocTu. Pasnuka of
HOMWHarnHe BPeOHOCTM Ce payyHa 3a
CBaKy MepHy LpTuLy fneTBe, U3pasoM:

____ nom
¢j=Cj-Cj
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The results are tested and gross
rejected. The results are depicted in
Table 1.

Pesyntatu mepetba Cy TeCTMpaHu, rpy-
Ge rpellke cy onbadeHe, U npukasaHu
cyy Tabenu 1.

Tabena 1. Pe3yntatu mepera y nabopartopujama royb v AMAM
Table 1. Measurement results in the laboratories GFUB and DMDM

| nogena (I division) Il nogena (Il division)
chom M.T. na6. reyb na6. AMOM M.T na6. royb na6. AMOM
] (GFUB laboratory) (DMDM (GFUB laboratory) (DMDM
laboratory) laboratory)
J ~ ~ J ~ ~

[mm] [mm] [um] [mm] [um] [mm] (um] [mm] (um]
0.0000 2 0.0000 0.0 0.0000 0.0 § 62 0.0000 0.0 0.0000 0.0
0.1000 4 99.9807 | 19.3 100.0092 -9.2 64 99.9928 7.2 100.0024 -2.4
0.2000 6 199.9836 | 16.5 200.0044 | -44 ) 66 199.9870 | 13.0 200.0011 | -1.1
0.3000 8 299.9723 | 27.8 300.0045 | 45 | 68 299.9753 | 24.7 299.9970 3.0
0.4000 10 399.9677 | 32.3 400.0009 -0.9 70 399.9770 | 23.1 399.9938 6.2
0.5000 12 499.9663 | 33.7 499.9988 12§ 72 499.9785 | 21.5 499.9914 8.6
0.6000 14 599.9745 | 255 600.0044 | 44§ 74 599.9803 | 19.7 599.9923 7.7
0.7000 16 699.9648 | 35.3 699.9926 74 Q] 76 699.9789 | 21.1 699.9847 | 15.3
0.8000 18 799.9546 | 45.4 799.9884 | 11.6 § 78 799.9625 | 37.6 799.9788 | 21.2
0.9000 20 899.9631 | 36.9 899.9879 | 12.1 80 899.9631 | 37.0 899.9743 | 25.7
1.0000 22 999.9679 | 32.1 999.9892 | 10.8 § 82 999.9670 | 33.0 999.9735 | 26.5
1.1000 24 1099.9545 | 45.5 | 1099.9883 | 11.7 § 84 | 1099.9587 | 41.3 | 1099.9695 | 30.5
1.2000 26 1199.9612 | 38.9 | 1199.9764 | 23.6 86 1199.9597 | 40.3 | 1199.9719 | 28.1
1.3000 28 1299.9555 | 44.6 | 1299.9732 | 26.8 § 88 | 1299.9537 | 46.3 | 1299.9677 | 32.3
1.4000 30 1399.9518 | 48.2 | 1399.9784 | 21.6 § 90 | 1399.9473 | 52.8 | 1399.9630 | 37.0
1.5000 32 1499.9525 | 47.5 | 1499.9776 | 22.4 § 92 | 1499.9633 | 36.7 | 1499.9708 | 29.2
1.6000 34 1599.9594 | 40.6 | 1599.9680 | 32.0 § 94 | 1599.9701 | 29.9 | 1599.9676 | 32.4

The graph of | and Il rod divisions’
corrections is drawn by the function
Chart Wizard in Microsoft Excel, with
the measurement results processed
according to the procedure described in
2.1. After the diagram was drawn, the
linear regression, with the slope
coefficient representing the average
rod’'s metre, is determined by the
function Add Trendline.The calculated
value for the average metre of the | rod
division in GFUB laboratory is 21,38
um/m, with the standard deviation of
3,53 um/m, while in the DMDM lab, its
value is 23,39 um/m, with the standard
deviation of 2,24 um/m. For the Il rod
division, the average metre in GFUB
laboratory is 23,59 um/m, determined
with the standard deviation of 3,85
um/m. Its value in DMDM laboratory is
25,90 pm/m, with the standard
deviation of 1,94 pm/m.

M3 obpaheHnx pesyntata mepera
npema nocTynky onucaHom y 2.1 y
nakety Microsoft Excel ynoTpetom
dyHkumje Chart Wizard je wucuptaH
auvjarpam nonpasaka | i Il nogene
netee, a dyHkumjom Add Trendline,
HakoH uUpTawa pAujarpama, U3 OACTY-
nawa je oppeheHa nuHeapHa per-
pecuja umju koeumumjeHT Harnba npase
npeacTaBrba Cpearun MeTap.

Cpentbn metap | nogene netee Yy
nabopatopujy PYB wuma BpegHoCT
21,38 um/m oppeheH ca ctaHgapaHoOM
aesujaumjom 3,53 um/m, pok y
na6opatopujy OMOM weroBa Bpea-
HocT je 23,39 um/m, ca cTtaHgapgHoOM
aesujaumjom 2,24 uym/m. 3a Il nogeny
neTBe cpefdwun Metap y nabopatopujy
F®YB wma BpepgHocT 23,59 pm/m
ogpefeH ca cTaHgapAHOM AeBujaunjoM
3,85 um/m, y na6bopatopuju OMOM
werosa BpegHocT je 25,90 um/m, ca
cTaHgapaHom gesujauujom 1,94 pm/m.
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Cnuka 3. dnjarpam nonpasaka nogene netse Carl Zeiss
Figure 3: Corrections diagram of the Carl Zeiss rod division

Changes related to the regression line
can be noticed from the graphically
presented values obtained during the
calibration process (Fig. 3). X-axis
shows the nominal values of the
measure, while Y-axis shows the
differences between measured and the
nominal values. After determining the
average metre of the rod, calculation of
the calibration measuring uncertainty is
done. Measuring uncertainty is
determined by summing all the error
figuring in the measurement model.

The measurement model errors are
defined by the equipment used for
calibration (2), except the aiming error,
which is, in the case of manual aiming
and coinciding, calculated from the
repeated reading of the division
dashes. The aiming error for each
division is estimated for the operator
that performed measurement. The total
aiming error is estimated to the value of
0,89 um [4]. The final value of the
standard uncertainty of the
measurement at the rod for 1,6000 m,
in described conditions and with the
DMDM laboratory equipment, is
estimated to the value of 1,85 um. In

GFUB laboratory, it is 2,43 um for the
extension factor k=1. For GFULJ, the
final value of the standard
measurement uncertainty on the rod for
1,60000 m is taken from the Certificate

of calibration and equals 0,51 um.

M3 rpaduukn npegcraeroeHux Bpea-
HOCTM [oOuWjeHnx y mpouecy eTarnoHu-
pawwa (Cnwmka 3), Mory ce youutu
NPOMEHE Y OOHOCY Ha pEerpecuoHy
npasy. Ha X-ocum cy npukasaHe
HOMMWHanHe BpPeaHOCTU Mepuna Aok cy
Ha Y-OCu npukasaHe pasfnvke MepeHux
04 HOMUHAarHNX BPeAHOCTH

HakoH oppehuBarwa cpegwer meTpa
neTBe W3BpLUEH je MpopavyyH MepHe
HeCcUrypHocTu etarnoHvpamwa. MepHa
HecurypHocT je ogpefeHa cymuparem
CBUX rpewaka koje urypuwy vy
mMoaeny Mepewa. [pelwke Mogena
Mepewa cy [geduHucaHe OnpemMom
KOjoM ce BplWM eTanoHupamwe (2),
n3y3eB rpeLuke oynTaBama (BM3npama)
Koja je y cny4dajy MaHyenHor Busmpama
W KOMHUMAMpawa cpadyHaTa w3
BMLUECTPYKOr  OuMTaBawa  upTuua
nogene. 3a oneparepa Koju je u3BpLuno
Mepere  MpoueHweHa je  rpeLuka
BM3Upaka 3a CBaky nogeny nojeau-
HayHo. VYKynHa Trpellka BU3Upara
npoueweHa je Ha BpegHocT 0,89 um
[4]. KoHauyHa BpegHOCT cTaHaapgHe
HECUrypHOCTM Mepera Ha neTBu 3a
1,6000 m y onucaHum ycrosuma u ca
onpemMom nabopaTtopuje aMagm
npoueryje ce Ha BpegHocT 1,85 um, a
y nabopatopuju F®YB nsHocn 2,43 um,
3a dpakTop npowwmpena k=1. Za NoyJb,
KOHa4Ha BpeaHoCT cTaHgapaHe
HECUrypHOCTM Mepera Ha IneTBu 3a
1,6000 m je yseta n3 Ceptucukara o
kannépaumju n naHocu 0,51 pm.
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4. STATISTICAL ANALYSIS

We used the regulations and the
procedures described in Part B.3
Calculation of performance statistics
(ISO/IEC 17043), for statistical analysis
of the obtained calibration results for
different equipment. Comparison is
made by technique of successive
calibrating, when the Ilaboratories
calibrate the same sample. Estimation
of the results represents complete
information on technical competence of
the laboratory. For statistical processing
of the results, different parameters are
used: standard deviation, variation
coefficient  or relative standard
deviation, per cents, median of
standard deviation, etc. The obtained
results are transformed into a difference
between the participating laboratory (x)
and chosen (or referent) value (X),
giving (x-X):

4. CTATUCTUYKA AHAJIU3A

3a cratuctuuky aHanusy [obujeHux
pesynTata eTanoHupaka ca pasnu-
YnTOM onpemoM, uckopuwheHa cy
npasuna n npoleaype onucaHe y geny
B.3 Calculation of performance
statistics (ISO/IEC 17043). MNopehene
je V3BpLIEHO nyTeM TexHWKe Cykue-
CMBHOI eTanoHupawa, kaga nabopa-
Topvje Bple eTanoHupake UCTor
y3opka. BpegHoBawe pesynrtata npeg-
CTaBrba WHGOPMaUWjy O TEXHWUYKO]
komneTeHuujn nabopatopuje. 3a ctatu-
CcTnyky obpagy pesyntaTta Kopucte ce
pasnuunMTu napameTpu: cTaHAapAHa
JeBuvjaumnja, koeduumnjeHT Bapujauuje
unuM penatvBHa CcTaHAaapgHa [Jdesuja-
uuja, nNpoueHTn, mMegujaHa anconyTHe
aesujaunje n cn. JobujeHn pesyntatu
ce TpaHcdhopMuLy Yy pasnuky, namehy
pesyntata nabopartopuje yyecHuue (x)
n un3abpaHe (Mnn  pedepeHTHe)
BpeaHocTH (X), oAHOCHO (X - X):

®)

E_ X—-X

Where:

o - standard deviation (measure of
dispersion used in estimation of
examined results, based on available
information); Uiab — measuring
uncertainty of the laboratory marked as
the participant result, for the extension
factor k=2; Urer - measuring uncertainty
of chosen value.

Using the z-result, it is possible to
compare the results obtained in
different laboratories, regardless of the
examined value, its nature, and
measuring method. Consequently, the
following cases can happen:

1) values for z
e |z| £2,0 z—results in this
range are considered as
acceptable or satisfactory

_——— 9)
2V b +U fer

roe je:

G - CTaHAapaHa gesujaunja (Mepa
ancnepsuje koja ce KOpUCTU Y NPOLEHU
UCMUTUBAHMX pe3ynTaTa, Ha OCHOBY
OOCTYNMHUX nHdopmauuja); Uy -
MepHa HecurypHocT nabopartopwije Koja
je 03Ha4eHa kao pe3ynTaT y4ecHuKa, 3a
dakTop npownpera k=2; U s - MEpPHa

HeCcurypHocT nsabpaHe BpegHOCTH.
Ynotpebom z-pesyntata Moryhe je
nopeauMTn pesyntate [gobujeHe y
pasnuuutuMm  nabopatopujama, 6e3
o63vpa Ha WUCMUTUBAHY BEINUYUHY,
HEHY npupogy W MeTode Meper-a.
Mory Hactatn cnepgehu cnydajesu
carnacHo:

1) BpegHoCTM 3a Z:

e |2/<20 s-pesyntatu koje ce
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. 2,0 < |z| < 3,0 results in this
range are considered as
discussible,

e |z| > 3,0 results in this range
are considered as not
acceptable and
reconsideration is requested

2) E values:

e |E|<1,0 the result is
considered as acceptable or
satisfactory

e |E|>1,0 the result is
considered unacceptable.

Based on measuring data, we
calculated the average values of the
average rod’s metre, from two divisions.
According to the values of the average
metre and the final values of the
measuring uncertainties in specific
laboratories, the results are:

GFUB-DMDM:
. X—X _24,65-22,49 _072:E =
o 3
GFUB-GFULJ:
. X=X _22,75-22,49 025 E -

o 3

The standard deviation, needed for
calculation of z-results, is calculated as
the arithmetic mean of the standard
deviations of all determinations of the
average metre. The intercomparison
becomes more and more important in
the segments of developing and
upgrading the existing methods and
getting confidence in the obtained
results.

Harnase y 0BOM orcery cMaTtpajy
ce npuxeamsbusum umnu
3adoeosbasajyhum,

. 2,0< |z| < 3,0 pesynTatu Koje ce

Harnase y 0BOM orcery cMaTtpajy
ce QuckymabusHum,

. |2| > 3.0 pesynTar koju ce Hanasu

Y OBOM oncery cmatpa ce
HenpuxeaTrbMBNUM N 3axmesa
npeucnumuesare.

2) BpefgHoCcTu 3a E:
o |Ey| <10 pesynrart ce cmatpa

rpuxeamsbugum unu
3adosorbasajyhum;

o |Ey|>10 pesynrar ce cmatpa

Herpuxsamsbusum.

Ha ocHoBy nopataka mepewa cpa-
YyyHaTe Cy cpefre BpedHOCTN cpearser
mMeTpa neTtBe, 13 ABe nogene. M3
BPEAHOCTU cpefrer MeTpa 1 KOHaYHMX
BPEAHOCTN MEPHMX HECUTYPHOCTU Me-
peta y nojeguHum nabopatopujama,
pesynTaTtu cy:

FoYB-AMIM:
X=X aag5-2249 o
2JUky +UZ;  2,/3707 + 4862
FOYB-ToYb:
X=X 2275-2249 oo

2y +UZ 2\/1,022 14,86

3a pauyHare z-pesynTata noTpebHa
cTaHdapAHa feBujauuja o je cpadyHaTa
Kao apuTMeTWyKa cpeavHa cTaHaap-
OHUX OesBujaumja cBux opgpehuBara
cpeawer meTtpa. OBo y3ajamMHO nope-
hewe nocTaje cBe 3Ha4ajHWje y geny
pasBujaba 1 yHanpehewa noctojehux
MeToga M CTuuakwe noBepewa Yy
pobvjeHe pesynrare.
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5. CONCLUSION

Calibration is performed in the labo-
ratories that confirmed their
competence and that use standard
calibration methods, or developed
special methods for their users.
Checking of the methods themselves
and the equipment used for calibration,
can be done via the procedure of the
interlaboratory comparisons, or testing
in some other way. The laboratories of
the mentioned institutions, DMDM,
GFUB, and GFULJ, took part in the
comparisons, in order to identify
possible deficiencies, verification of
methods reliability, equipment and
suggestions of appropriate corrective
measures, if needed. Checking of
congruency of obtained values assures
confidence and quality control of
calibrating, and quality of a given
service. In this way, the staff confirms
quality of its work and identification of
the possible problems, in order to find
the way for their overcoming.

REFERENCES

[1] Calibration of line scales, Laboratory for length, DMDM, Mike Alasa 14, 11000 Belgrade, Serbia

5. 3AKIbYYAK

ETtanoHupawe ce Bpwm y nabopa-
Topujama Koje Cy noTBpAvrne CBOjy
KOMMETEHTHOCT W KOje KOpUCTe CTaH-
[apaHe meTofe eTanoHuparba, unm cy
3a CBOje KOpWCHMWKe pa3sBure nocebHe
metone. [lMpoBepa camux MeToda U
ofnpemMe koja Ce KOpUCTU 3a eTa-
NOHUpaHke MOXE Ce BPLUMTU Y NOCTYMNKY
mehynabopaTopujcknx nopehewa wnu
npoBepe Ha HeKM OpYr1 HauWH.
JlabopaTtopuje noMeHyTMX MHCTUTYLMja,
OMOM, TOYE wn TdYIb, cy ysene
yyewha y nopehewunma y unrby naeH-
Tudukaumje mMoryhmx HepgocTaTtaka,
npoBepe Noy3aaHoCTM MeToAa, onpeme
u npegnora oproeapajyhnx KOpekTuB-
HUX Mepa, aKo je To NoTpebHo.
MpoBepa carnacHocTn [oGujeHnx Bpe-
OHocTn  obes3beflyje noBepewe U
KOHTpOINy pesynrtaTa eTarnoHupaka Kao
W KBanuteT npyxeHe ycnyre. Ha oBaj
HauMH ocobrbe noTBphyje kBanuTeT
cBora paga n ngeHtudukaumnjy moryhumx
npobnema y uurby npoHanaxewa Ha-
YMHa 3a HUXOBO NpPEeBa3UNaxXeHe.

[2] S. Delcev, Geodetska metrologija. Akademska misao, Beograd, 2017.
[3] S. Deléev, Vukan Ogrizovi¢, Jelena Guéevi¢, Comparison of calibration methods of measuring

tapes, Kongres metrologa, 2015

[4] S. Miljkovi¢, Odredivanje srednjeg metra precizne invarske letve, seminarski rad, Gradevinski

fakultet Beograd, 2015.

[5] S. Delcev, V. Ogrizovi¢, Radno uputstvo - Etaloniranje letvi i lenjira i mernih traka do 3 m.
MetroloSka laboratorija za etaloniranje merila ugla i duzine, Beograd, 2013.
[6] F. Vodopivec, D Kogoj, Prvi komparator za kompariranje kodiranih nivelmanskih lat v Sloveniji,

Geodetski vestnik, 46/2002 - 1&2.

[71 URL1: Laser Measurement System - User’s Guide http://www.hudler.org/pub/HP/05528-90020-

205528A-20Laser-20Measuerment-System-20Users-20Manual 2.pdf
[8] URL2: Hewlett-Packard Journal http://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1970-08.pdf
[9] URLS3: Direkcije za mere i dragocene metale http://www.dmdm.rs/cr/Etaloniranje.php
[10] URL4: Medunarodni re¢nik zakonske metrologije-nezvani¢an prevod publikacije OIML V1
International Vocabulary of Legal Metrology (VIML) dvojezi¢no englesko-francusko izdanje
2013. http://www.dmdm.rs/PDF/Publikacije/VIML_srpski_2013.pdf.

| JOURNAL OF FACULTY OF CIVIL ENGINEERING 33 (2018) |


http://www.hudler.org/pub/HP/05528-90020-205528A-20Laser-20Measuerment-System-20Users-20Manual%202.pdf
http://www.hudler.org/pub/HP/05528-90020-205528A-20Laser-20Measuerment-System-20Users-20Manual%202.pdf
http://www.hpl.hp.com/hpjournal/pdfs/IssuePDFs/1970-08.pdf
http://www.dmdm.rs/cr/Etaloniranje.php
http://www.dmdm.rs/PDF/Publikacije/VIML_srpski_2013.pdf

