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Abstract: This paperrefers to a project carried out in Inmeta@ming to provide
internalmetrological traceability fo60 HzAC High-Voltageup to 40 kV\/ It presents
details about the method useis, equations anabtainedresults. Acapacitance and
tan bridge, with a builtin current comparatonvas used in combination with two
standard capacitors to calibeat standargbotentialtransformer (PT), both in ratio and
phaseangle The results obtaindaly Inmetro showed good agreement with PTB ¢nes
for the same PTThe maximum estimated uncertainty sM0049 % for ratio error
and 104urad for phase angle error.

Keywords: AC high-voltage traceability potential transformer calibratigncurrent
comparatorcapacitance bridge

1. INTRODUCTION 2. METHOD USED

One goal of a National Institute of MetrologyThe measurement principle dhe method for
(INM) is to provide internaltraceability for its  5ceapility in HVAC implemented in Inmetro is
standards based on primary references of ghqyn in figure 11]. A commercialcapacitance
guantities that comprise its metrological,\qigni bridge (C and Tanbridge, with a built
infrastructure. in current comparator, in combination with two
For voltage quantity in 60 Hz aternating Standard capacitorsare usedto calibrae a
current (AC), Inmetro already has internalstardard potentialtransformer (PT), both imatio
traceability up to 1000 V. Recently, a project wagnd phasangle.
carried out in its High Voltage Metrology 2 1. Eormulation of the method
Laboratory (Lamat), which resulted in the
implementation of a methao providinginternal
traceablity for AC High-Voltage (HVAC) up to From figure 1, under bridge balanced conditions
40 kV. This paper presenitsformation about this (1, 11, 1 I, Il 1 being G the value measured
project and the resultsobtained by Inmetro by the bridge for G, andneglecting the voltage
compared with those obtained by the drops in the resistances ofldnd N windings,
PhysikalischTechnische Bundesanstalt (PTB). we have:

2.1.1Equation to obtain the ratio of PT

jbthe 100 e, vy, ey #$%
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3 The bridge requires the characteristic
l3 & l parametes of Cs (capacitance and tahgalueg
%l as very accurate input datdy comparing eq. (2)
4/, l, == ) and (5),it is concludel that thebest possible&s
e aEEE S ' value to be set in the bridge, when using the
7896:; circuit of figure 1, is given by:

* g4, I I_”_'+ |
. 1), () (6)

- With eq. (4) and (6), wealso obtain "a"as
function ofthe rdationship between capacitances

Figure 1. Circuit for PT calibration with a C and
Tan! bridge C. = standard low voltage | (! » ) | (! s ) @)
capacitor and G, = standardHV capacitor 1 T

With 1,11, 1 1, , bang OO the ratio 2.1.2 Eaiation for the phase angleof PT

previouslyattributed to thePT under calibration, The phasangle(") of the PTis determined from

from eq.(1), we have the diagram shown in figure 2, which represents
| the voltages and currents of figure 1, resulting in:
I G/ PR TR A I TR T .7

el +ls (8)
If we consider !!, ! I, being OaOthe

actual ratio of thePT under calibration,the
. , ) I = Phaseangle betweeny andls, measured by
bridge will measure the actual capacitangg C the bridge

(Cx = Gav). Thereforefromeq. (3, we have: | = Known dissipation factor @y (! 1v)
I s= Known dissipation factor .y (! Lv)

where

I !(!!“/!)!!!!!!! Mo 1, #%

With eq. (2) and3), the expressiorfor the PT //\ Iy
ratio obtaned in the calibration procesgcomes \

St 2

where
Cx = Capacitance measured by the bridge =\ '
Cuv = Known capacitance of the HV capacitor i i U,

ay = Ratio previouslyattributed to thé’T;
a =Actual PT ratio obtained in thealibration

Figure 2. Diagramfor determination ofhe phase

Consideringthe originalcircuit found in the angle of the PTinder calibration

operating manual of aommercialC and Tan!
bridge, without PT, the capacitorxCto be 3. EQUIPMENT USED
measured and the known standard capacitor

namedCs are connected directly to the voltagelhe C and Tanbridgeused wasa 7010Bmodel
source: Y in figure 1. In this case,under manufactured by MI B Measurements

balancedridgeconditions we have: International Cyy wasa 100pF/200kV standard
SFK; insulatedcapacitor. For G, four thermally
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stabilized [4] wunits of 1000pF/750V N,
insulated standard capacitorsvere avdable,
allowing capacitancesvalues of 1000 pF,
2000pF, 3000 pF and 400(F. For thelow . -~
voltage measurement of § and Gy and their . oy HY Source
respectivedissipation factors ¢y and ), a C '
highaccurate capacitance meter AH2700A model
manufactured byAndeenHagerling, was used.

PTNVRD40
The standard PT calibrated during the e *
implementation of thanethod wasa NVRD40 '
PT model manufactured byepro. NinePT taps
were calibrated witlratedvoltages from 3kV to
40kV. Thereasons for choosinthis PTwere a) For the PT phaseangle corrections were
Up to its maximum voltage (40 kV), the variation@Pplied in eq. (8) to consider the effectssufy
of Cuv due to its voltage aefficient is less than capacitances and resistances between &hd

1 ppm [2; b) Its ratio values, combined with & C.v capacitors and thenespective input€x and
and Gy available at Inmetro, enablmeasuring Cs in the bridge as well as the correction of the
rangesat the bridge with low uncertainties; ) bridge itself for dissipation factor maarement.

igure 3. Circuit arrangement in the HV hall
of Lamat

This PT was recently calibrated at PT&013) The uncertainty forphase ang|e resulivas
enabling comparisonfor validation purposes estimated considering the uncertainties thé
underequivalent conditions. corrections and those related to theidge:

The C and Tan! bridge wasalibratedin fesolution, repeatability ands calibration for

Inmetro considering its best operating parametefdssipation factor [3].
that lead to minimum contribution to the

uncertaintyin the PT calibration results, based on5' RESULTS

the PT, Gv and Gy known characteristicsThe g ragyits obtainedby Inmetro for the PT

circuit grrgngement in the HV hall of Lamat 'Scalibration areshownin tables 1 and 2ogether
shown in figure 3.

with information aboutthe resultsobtained by

4. CORRECTIONS AND UNCERTAINTIES PTB andthosegivenby themanufacturer.

The maximum  expanded uncertainty
For metrological purposes, it must be consideregktimated by Inmetro in the PT calibration
that the temperature/ariation!!! !) and the process was 0’004& for ratio error and
applied voltagdevel (U) affect a capacitance (C). 104prad for phase angle error. The PTB

Studies and experiments were performed ifxpanded uncertainty was 0,002 for ratio
Inmetro for Gy and Gy capacitors in order to €rror and 44frad for phase angle erroiThe
consider the effects of temperature and voltag8anufacturer gives 0,003@ for ratio error and
either for correction purposesr for including 145#rad for phase angle error.
them in the uncertainty of the results, together
with the contribution due to the uncertainty of the6' COMMENTS AND CONCLUSIONS

capacitance bridge itself 3] A method for internal metrological traceability of

60 Hz HVAC up to 40 kV, based on a circuit that
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uses a C and Tan! bridge with two standard For phase angle, the uncertainty values of

capadtors and a standard potential transformetnmetro can be consideredacceptable when

was successfully implemented in Inmetro. compared with thosegiven by the PT
By this method, the obtainedbsultsfor PT manufacturer, but they exceeded by more than

ratio and phase angle are linked to the eIectricg’[”Ce the PTB ones. Thisas consequence tie

resistance quantity (ohms), obtained from th |g.her .uncertaln.ty obtaln.ed. by_ Inmetro when
quantum Hall effect in Inme calibrating the bridge for dissipation factor.

The maximum estimated uncertaintie8. REFERENCES
obtained by Inmetro were 0,0048 for ratio

error and 104urad for phase angle error. [1] William E. Anderson, ONBS Measurement

services: A calibration service for voltage
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