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Abstract

The current stage of scientific and technical development is characterized by the widespread use of high-voltage
technology. Metrological traceability has such important elements as calibration of measurement standards and measuring
instruments and evaluation of measurement uncertainty. The range of values of specific measurands, the range of necessary
measurement uncertainties and the measurement standards used are presented as metrological traceability chains. Building
such chains for different types of measurements is important for national metrology institutes and calibration laboratories.

An urgent task is to build metrological traceability chains for high direct current voltage measuring instruments. The
proposed metrological traceability hierarchy chains are used in the State Enterprise “Ukrmetrteststandard” for calibration
of working standards and working measuring instruments for high DC voltage and voltages ratio. These chains can be used
also by accredited calibration laboratories, which carry out calibration of working measuring instruments for high direct

current voltage and voltages ratio according to their own scope of accreditation.
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1. Introduction

The current stage of scientific and technical
development is characterized by the widespread
use of high-voltage technology in electrophysical,
environmental, electrical, power plants and systems.
This necessitates the development of measurement
standards and measuring instruments for high voltage
measurements for steady state and transient modes.
Transmission of energy on direct current (DC) is
more economical than on alternating current. High
DC voltage lines have been built in many countries
around the world. With such lines, more power with
less loss can be transmitted [1, 2].

High DC voltage is used in acceptance or
preventive tests of insulation of capacitors, cables and
rotating machines. For these types of insulation, the
detection of significant defects is effective at high
DC voltage, at which there is no danger of powerful
partial discharges and virtually no destructive effect on
defect-free insulation. In high DC voltage tests, the
strength of the surge current is also measured and thus
additional information about the insulation condition
is obtained [2].

Metrological traceability has such important ele-
ments as calibration of measurement standards and
measuring instruments and evaluation of measurement
uncertainty [3—7]. Metrological traceability chains, the
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range of values of specific measurands, the range of
necessary measurement uncertainties and the measure-
ment standards used are shown. Building such chains
for different types of measurements is important for
national metrology institutes and calibration laborato-
ries. An urgent task is to build metrological traceability
chains for high DC voltage measuring instruments.

2. The State Primary Standard of the Unit of DC
Electric Voltage

The State Primary Standard of the Unit of DC
Electric Voltage in the range from 1 kV to 180kV
(DETU 08-04-99) has been functioning at the
State Enterprise “Ukrmetrteststandard” (UMTS,
Kyiv, Ukraine) since 1999 [8]. It provides precise
measurements of high DC voltage.

Metrological characteristics of DETU 08-04-99
(The National Standard of High DC Voltage):

— range of reproduction of nominal values of high
DC voltage from 1 kV to 180 kV;

— standard deviation of the measurement result
when reproducing the unit of high DC voltage does
not exceed 5%1073;

— expanded measurement uncertainty is 3.6x10;

— annual instability does not exceed 3x10.

DETU 08-04-99 consists of stationary and mobile
parts:
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Stationary part.

— compiled measure of high DC voltage of 180kV
(MVN-180);

— device for stabilization of working current of mea-
sures of high DC voltage (NB-1000);

— precision DC voltage meter;

mobile part:

— compiled measures of high DC voltage of 10kV
(MVN-10);

— the device of stabilization of working current of
measures of high-voltage DC (NB-100);

— precision DC voltage meter.

A general view of DETU 08-04-99 is presented
in Fig. 1.

The step of the high DC voltage reproduction for
DETU 08-04-99 is 1 kV in the range from 10 kV to
180 kV.

The composite DC voltage measures MVN-10
and MVN-180 are based on single-value DC vol-
tage measures of two types (I and II), which are
implemented on Zener diodes. Single-value measures
of type I have a nominal voltage of 1 kV, and type 11

Fig. 1. The general view of the State Primary Standard of the Unit
of Electric Voltage of Direct Current

measures have a nominal voltage of 10 kV. Norma-
lized metrological characteristics of DETU 08-04-99
are provided by current flow through the electric
voltage composite measures, which is stabilized by
the stabilization device at the level of 5 mA £ 5 uA.

The value of DC voltage measured using DETU
08-04-99 is calculated by the equation:

Ug =Ug, + AUy, (D

N
where: U, =ZUOSk is the true value of the DC
k=1
high voltage of compiled measures at 180 kV, in volts;
U, is the DC voltage of k-th single-value
measure, N is numbers of single-value measure in the
compiled measure (N = 180);
AU, is the measured value of DC voltage of
a precision meter, in volts.
The combined standard measurement uncertainty
of high DC voltage of DETU 08-04-99 is calculated

by the equation:

1 N
U, g5 :U_1’[Z”és1c+”§sy]a 2)
SSs k=1

where: u,, is the standard measurement uncertainty

k
of k-th single-value measure [8]; u,, is the standard
measurement uncertainty of measurement of high DC
voltage by precision voltmeter.

Metrological characteristics of DETU 08-04-99
are at the level of characteristics of installations of
similar purpose of such technically developed countries
as Sweden, Finland, Australia (all for highest level of
DC voltage — 1000 kV), Turkey, Canada, Germany,
France, Spain, Bulgaria, Chinese Taipei, Singapore,
and the Russian Federation (Table 1) [9]. The Swedish
national standard has the best largest value of voltage
and the best measurement uncertainty.

3. Metrological traceability chain for high DC voltage

Measurements of high DC voltage are performed
using:

— electrostatic kilovoltmeters;

— differential high-voltage amplitude voltage
meters;

— high-voltage meters based on high-resistance
resistive dividers;

— high-voltage meters based on the electro-optical
Kerr effect;

— high-voltage meters based on the method of
additional resistances.

The working measurement standards are high
DC voltage meters with the following metrological
characteristics:

— range of high DC voltage measurements from
1 kV to 180 kV;

— expanded measurement uncertainty from 0.0012
to 0.012.
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Table 1

Metrological characteristics of the best national standards for high-voltage DC

National metrology institute The largest value of the DC primary Expanded relative measurement
(country) voltage range uncertainty

RISE (Sweden) 1000 kV 2.0x10°
MIKES (Finland) 1000 kV 1.0x10*
NMIA (Australia) 1000 kV 3.0x10*
VNIIMS (Russian Federation) 800 kV 3.0x10*
UME (Turkey) 400 kV 4.0x10°
NRC (Canada) 300 kV 3.0x10°
PTB (Germany) 300 kV 1.0x10*
LNE (France) 250 kV 3.2x10°
NMC (Singapore) 200 kV 7.0x10°
CMS (Chinese Taipei) 200 kV 1.0x10*
LCOE (Spain) 200 kV 1.0x10*
BIM (Bulgaria) 200 kV 1.2x107
UMTS (Ukraine) 180 kV 3.6x10*

The working measuring instruments include high
DC voltage meters and kilovoltmeters.

High DC voltage meters have the following
metrological characteristics:

— voltage measurement ranges from 1 kV to
180kV;

— expanded measurement uncertainty from 0.0057
to 0.016.

Kilovoltmeters have the following metrological
characteristics:

— voltage measurement ranges from 1 kV to
100kV;

— expanded measurement uncertainty from 0.0058
to 0.058.

A metrological traceability chain for measuring
high DC voltage is proposed, which consists of three
levels of the calibration hierarchy and is based on the
conducted analysis (Fig. 2). At the first level (level 1)
of the hierarchy there is DETU 08-04-99, at the
second level (level 2) — working high DC voltage
standards and at the third level (level 3) — working

measuring instruments (high DC voltage meters and
kilovoltmeters). The descending branches of the
chain show the measurement standards or measu-
ring instruments (marked 4) and their measurement
uncertainties (marked 2).

4. Metrological traceability chain for high DC voltages
ratio

Working standards for high voltages ratio are
mainly based on meters with a high-voltage resistance
divider.

Working measuring instruments are widespread:
voltage meters based on resistive dividers, kilovoltmeters,
voltage dividers and DC voltage transformers.

High DC voltage dividers have the following
metrological characteristics:

— range of measurements from 1 kV to 180 kV;

— expanded measurement uncertainty 0.0057 to
0.025.

High DC voltage transformers have the following
metrological characteristics:
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Fig. 2. Metrological traceability chain for high DC voltage:
1 — metrological traceability; 2 — measurement uncertainty; 3 — measurand value; 4 — calibration hierarchy
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Fig. 3. Metrological traceability chain for high DC voltages ratio:
1 — metrological traceability; 2 — measurement uncertainty; 3 — measurand value; 4 — calibration hierarchy

— range of measurements from 1 kV to 106 kV;

— expanded measurement uncertainty 0.012 to
0.036.

A metrological traceability chain for measuring
high DC voltages ratio is proposed, which also
consists of three levels of the calibration hierarchy
and is based on the conducted analysis (Fig. 3). At
the first level (level 1) of the hierarchy there is also
DETU 08-04-99, at the second level (level 2) —
working high DC voltage standards also, and at the
third level (level 3) — working measuring instruments
(high DC voltage dividers and high DC voltage
transformers). The branches of the chain 3 and 2

together show the measurement result that can be
achieved.

4. Conclusion

The proposed metrological traceability
hierarchy chains are used at the State Enterprise
“Ukrmetrteststandard” for calibration of working
standards and working measuring instruments for high
DC voltage and voltages ratio. These chains can be
used also by accredited calibration laboratories, which
carry out calibration of working measuring instruments
for high DC voltage and voltages ratio according to
their own scope of accreditation.

JIaHIIOrM METPOJIOriYHOI NMPOCTEKYBAHOCTI /I BUCOKOI
HANPYrd MOCTIMHOrO CTPyMY TAa BiJHOIIEHHS HANPYT
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AnoTauis

Cy4yacHuil eTan HayKOBO-TEXHIYHOIO PO3BUTKY XapaKTepU3Y€EThCS IIMPOKUM BUKOPUCTAHHSIM BUCOKOBOJBTHOI TEXHIKHU.

Lle 3ymoBIIOE HEOOXiTHICTH PO3POOKU €TaJOHIB i 3aCO0iB BUMIpIOBAJIbHOI TEXHiIKM [JisI BUMipIOBaHb BHMCOKOI HAIlpyTH.
IlepenaBaHHs eHeprii Ha MOCTIHHOMY CTPYMi €KOHOMIYHillle, Hi3K Ha 3MiHHOMY. JIiHii BUCOKOI HANpyru MOCTIHHOIO CTPyMYy
noOymoBaHi B 6araTbox KpaiHax CBiTy. 3a JOTIOMOTOIO TaKHWX JIiHili MOXHa TiepedaBaTH OilbIlle MOTYKHOCTI 3 MEHIIUMH
BTpaTamMu. MeTpoJsioriyuHa MpoCTeXXyBaHICTh Ma€ TaKi BaXJIMBi eJIEMEHTH, SIK KaliOpyBaHHS €TaJIOHIB i 3aC00iB BUMipIOBAJIbHOI
TeXHIKM Ta OlliHKa HEBU3HAUYEHOCTI BUMiploBaHb. Jliama3oH 3HaueHb KOHKPETHUX BUMIpPIOBAHMUX BEJIWYMH, [iala3oH
HeOoOXiTHMX HEBM3HAUEHOCTEll BUMiplOBaHb i BUKOPUCTOBYBaHI CTaHAAPTU MPEICTABISIOTHCS JAHIIIOXKAMU METPOJIOTiYHOT
npocrexxyBaHocTi. [ToOymoBa TaKux JIAaHLIOTIB IS Pi3HUX TUIIIB BUMIPIOBaHb € BaXKJIMBOIO JJIs1 HALlIOHAJBHUX METPOJIOTIYHUX
IHCTUTYTIB Ta KaiOpyBalbHUX JIA00OpaTOPiii. AKTYaJIbHUM 3aBIaHHAM € MOOYI0Ba JaHIIOTiB METPOJIOTIYHOI MPOCTEKYBAHOCTI
JIJI 3ac00iB BUMIpIOBAHHSI BMCOKOI HANpPYru MOCTIMHOIO CTPyMYy.

3anpornoHOBaHi Ta TPEACTaBJICHI i€papXiuHi JIAHUIOTU METPOJIOTIYHOI MPOCTEXYBAHOCTI, SKi BUKOPUCTOBYIOThCS
B JIT “YkpmeTprecTcTaHmapT” mas KadiOpyBaHHSI poOOYMX €TaJOHIiB i poOOUMX 3ac00iB BUMipHOBaHb BMCOKOI HaIpyru
MOCTIHHOTO CTPYMY Ta BifHOIeHHsT Hampyr. Lli JaHoru ckiaagaloTbes 3 TPhOX PiBHIB iepapxii KajniOpyBaHHS. Y 000X LMX
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JIAHILIIOTax Ha TMeplIoMy PiBHIi iepapxii 3HaXOAUTHCSl HALlIOHAJbHUI €TaJIOH BUCOKOI HATIPYTM MOCTIHHOTO CTpyMy, Ha JAPyromy
piBHi — poOoYi €TaJIOHM BMCOKOI HANpyrd MOCTIHHOrO CTPyMy i Ha TPeTbOMY PiBHi — poOOYi BUMIipIOBaJbHI MpPUIAIH.
3anpornoHoBaHi JAHUIOTH MOXYTh BUKOPHMCTOBYBATHCS TaKOX aKpPEeIUTOBAHWMU KaliOpyBaTbHUMM JTabOpaTopisiMu, SKi
3/IiIICHIOIOTH KaliOpyBaHHS poOOUYMX 3aC00iB BUMIpIOBAJIbHOI TEXHIKM BUCOKOI HAMPYITU MOCTIHHOTO CTPyMY Ta BiTHOUIEHHS
HAaIpyr BiIMOBIZHO IO BJACcHOI cepu akpeauTarlii.

KiouoBi ciioBa: Bucoka Harpyra IOCTilfHOTO CTPyMY; BiIHOILEHHSI HAIpYT; JIAHLIIOI METPOJIOTIUHOI MPOCTEKYBAHOCTI;
€TaJIOH; BUMIipIOBaHHS; HEBU3HAYCHICTh BUMipIOBaHHS.

Ilenoyku MeTpPOJIOrHYECKO MPOCIEKUBAEMOCTH JIIs1 BHICOKOIO
HanpsoKeHUs] MOCTOSHHOTO TOKA M OTHOIIEHHUS! HANPsKeHWi

O.H. Benunuko, P.B. BeHan4yaHckumn

[Tl “YkpmempmecmemarOapm”, yn. Memponoauyeckasi, 4, 03143, Kuees, YkpauHa
velychko@ukrcsm.kiev.ua

AHHOTAIMSA

Merpoaornyeckass MpOCIEXNBAEMOCTh MMEET TaKWe BaXXHBIE 3JEMEHTHI, KaK KaJIMOpOBKA 3TaJOHOB U CPEICTB
U3MEPUTETbHOM TEeXHUKM M OIleHKA HEOIPEeNeJIeHHOCTU M3MepeHMit. /IMama3oH 3HaYeHMil KOHKPETHBIX H3MepsieMbIX
BEJIMYMH, IMAMa30H HEOOXOMMMBIX HEOIPEIeIEHHOCTE N3MEPEHUI ¥ UCITIOIb3yeMble CTAHAAPTHI IIPEACTABICHBI LEMOYKAMIU
METPOJIOTUYECKON TpociexnBaeMocTu. IlocTpoeHre TaKuxX LEMoYeK ISt PasIMYHBIX BUIOB M3MEPEHMI BaxkKHO ISt
HALIMOHAJIbHBIX METPOJOTUYECKUX MHCTUTYTOB U KaJIMOPOBOYHBIX J1a0OPATOPUIA.

TIpemtoXeHbl ¥ MIPEACTABICHBI LIETTOUYKM METPOJIOTMUECKOI MPOCIEKMBAEMOCTH, KOTOpbIe ucronb3ytores B [T “Ykp-
MeTpTeCTCTaHAApT” Il KATMOPOBKY PabOUMX STAJOHOB U PabOUYMX CPEACTB U3MEPEHUI BHICOKOTO HATIPSKEHMST TTOCTOSIHHOTO
TOKA M COOTHOIICHUSI HAMpPSZKEHWA. DTU LIEIMOYKM MOTYT MCIOJIb30BAThCSI TAaKXKe aKKPEIUTOBAHHBIMU KaJIMOPOBOYHBIMU
J1a00paTOPUSIMKM, KOTOPBIE MPOBOAIT KaauOPOBKY pabO4YMX CPEACTB M3MEPUTEbHOM TEXHMKM BBICOKOIO HAIIPSDKEHMUS
ITOCTOSTHHOTO TOKAa M COOTHOIIECHWE HAIpPSIKEHUI B COOTBETCTBUU C COOCTBEHHOU cepoil aKKpeaIuTalnu.

KioueBble cioBa: BbBICOKOE HaIps2KEHUE ITOCTOSIHHOIO TOKaA, OTHOIICHUC HaHpﬂ)KeHPII?I; eIb MeTpOHOI‘H‘IeCKOﬁ
MPOCIEKMBAEMOCTU; ITAJIOH; UBMEPECHUEC, HECOMNPEACICHHOCTL UBMEPCHUA.
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