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Abstract- The ratio error and phase displacement of a voltage transformer (VT) under test are measured by
using a VT testing system that consists of a voltage source, a standard VT, a VT under test, a VT comparator,
and a VT burden. Methods for on-site calibration of the components in industrial VT testing systems that do not
require the removal of the components from the systems have been developed. Our method utilizes several
portable travelling transfer standards: standard VTs, a calculable wide-ratio-error VT and a decade resistor. The
travelling standard VT is used for the evaluation of an industrial standard VT and a voltage source. The
calculable wide-ratio-error VT are used to evaluate the linearity of the errors in the industrial VT comparator.
The decade resistor is used to evaluate the industrial VT burden. The on-site calibration method using these
travelling transfer standards has been applied to the calibration of industrial VT testing systems.

I . Introduction

A voltage transformer (VT) has a ratio error and a phase displacement because of the magnetizing current of
the core and the primary leakage impedance [1, 2]. Heavy electric factories producing VTs measure the ratio
error and phase displacement of a VT under test using a VT testing system (VTTS). Meanwhile, the calibration
of industrial VTTSs is strictly required every year for quality control of the products. However, it is very
difficult to carry a VTTS to a national standards laboratory for calibration, because of its frequent use for product
quality evaluation, its many components and its great weight. Therefore, an on-site calibration method for
industrial VTTSs is required, using some kind of portable travelling transfer standard.

In this study, we have developed portable travelling transfer standards to calibrate VITSs in situ without
removing the components from the system. We describe the theoretical principles and the methods for on-site
calibration, together with an industrial application example.

IL. Constitution of VITS

Figure 1 shows the VTTS for measuring both ratio error and phase displacement of an industrial VT under test.
The VTTS consists of an AC high-voltage source, a standard VT, the VT under test, a VT comparator and a VT
burden. The AC high voltage is applied to the primary of both the standard VT and the VT under test, and the
VT comparator measures the ratio error and the phase displacement by comparing the secondary voltage of the
VT under test with that of the standard VT, which has negligible errors compared with the VT under test.
According to the International Electrotechnical Commission (IEC) [3], the ratio error and phase displacement of
a VT under test should be measured by connecting the external burden in parallel to the secondary terminal of
the VT under test.
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Figure 1. The VT testing sy;tem

I On-site calibration of VTTS

For on-site calibration of an industrial VTTS, the standard VT, the voltage source, the VT comparator and the
VT burden are calibrated without removing the components from the system.

A. On-site calibration of an industrial standard VT

To calibrate the industrial standard VT of the VTTS in industry, the travelling transfer standard VT is used.
Before starting the on-site calibration, both the ratio error and the phase displacement of the travelling standard
VT should be known. After carrying the travelling standard VT to the factory, the ratio error and phase
displacement of the travelling standard VT are measured by connecting it to the side of the VT under test as
shown in figure 1. The ratio error (or phase displacement) of the travelling standard VT is obtained by adding the
ratio error (or phase displacement) of the industrial standard VT to the ratio error (or phase displacement)
reading of the travelling standard VT from the VT comparator, as follows [4]:

o =a +a, (1)

B.=B.+ P, )

where:
« . is the ratio error of the travelling standard VT,

,BX is the phase displacement of the travelling standard VT,

«, is the ratio error reading of the travelling standard VT from the VT comparator,

P, is the phase displacement reading of the travelling standard VT from the VT comparator,
«, is the ratio error of the industrial standard VT, and

S . 1s the phase displacement of the industrial standard VT.

The ratio error (¢, ) and phase displacement ( f3, ) of the industrial standard VT can be obtained by

subtracting the ratio error (¢, ) and phase displacement ( ,Br) readings of the VT comparator measured in an
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industry from the ratio error (¢, ) and phase displacement ( ﬂx) of the travelling standard VT measured at the

Korea Research Institute of Standards and Science (KRISS), respectively, according to Egs. (1) and (2).

B. On-site calibration of an industrial high-voltage source

To calibrate the industrial high-voltage source of the VTTS at an industry, the same travelling standard VTs as
in Section A are used. The ratio error of the travelling standard VT is measured by connecting it to the side of the
VT under test as shown in figure 1. The RMS voltage (V) of the industrial voltage source is expressed as [5—6]

V=NV(-a,) 3

where:
N is the rated transformation ratio of the travelling standard VT,

V, is the actual secondary voltage of the travelling standard VT,

« . is the ratio error of the travelling standard VT.

Therefore, the RMS voltage (V) of the industrial voltage source is calibrated by measuring the secondary voltage
(V) using a calibrated voltmeter according to Eq. (3). Here, the ratio error of the travelling standard VT is
already known.

C. On-site calibration of an industrial VT comparator
The ratio error (¢ ) of the calculable wide-ratio-error VT is written as [3] ;

a=a, +a, “
where:
a,=100- [N(”Z) - 1J [%], (5)
n
:100.[_ N5<nzj)] (%] ©

N : the rated transformation ratio of the VT.

n, : primary turn number in the core of the VT

n, : secondary turn number in the core of the VT

O : intrinsic error of the VT
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The first term ( &z, ) in Eq. (4) is the turn-ratio error, which depends linearly on the turn ratio, 2 . The turn-ratio
n,

error of the VT with turn ratio of wide range can be calculated according to Eq. (5). Thus the calculable wide-
ratio-error VT is used to evaluate the linearity of the ratio error of the VT comparator.

D. On-site calibration of an industrial VT burden

Figure 2 shows the VTTS for measuring industrial VT burdens. The series resistor R; for measuring the VT
burden is connected in series with the secondary of the VT under test. The ratio error and phase displacement
with the series resistor are expressed as follows [5, 7].

@, {Rs} =a,+ [(0!0 - I)Gb - ﬂOBb ]Rs (7

ﬁh {Rs} = ﬁb + [(0{0 - I)Bb + ,Bon ]Rx 3)

In Eq. (7), because the values of «,, &, ,30 s Gb and Bb are constant for a fixed burden and voltage,
a,{R } is proportional to R;. When the ratio error is measured as a function of the resistance of the series

resistor, the slope of the straight line of best fit for the data corresponds to [(e, —1)G, — 5,8, ].
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Figure 2. VT burden measurement system using a series resistor, R

In Eq. (8), because the value of f3, is constant at a fixed burden and voltage, B,{R,} 1s proportional to R;.
When the phase displacement is measured as a function of the resistance of the resistor, the slope of the straight
line of best fit for the data corresponds to [(a, —=1)B, + ,G,] - Because & and ﬂo for the VT under test were

measured earlier in the calibration, the values of the conductance (G,) and susceptance ( B,) of the VT

burden are obtained from the two fitting procedures. Thus, the apparent power(AP) and power factor(PF) of the
burden under test are given by the following relationships:

AP=V,’\JG,’+ B, , )

G,

G, +B,’

where V, is the secondary voltage measured using a calibrated digital voltmeter.

PE - , (10)
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IV. Conclusion

We have developed portable travelling transfer standards to calibrate voltage transformer (VT) testing systems
consisting of a standard VT, a voltage source, a VT comparator and a VT burden. The developed travelling
transfer standards are: standard VTs; a calculable wide-ratio-error VT; and series resistors Firstly, the industrial
standard VT and voltage source are calibrated by using the travelling standard VT, which is traceable to the
high-voltage standards of the national standards laboratory. Secondly, the ratio error of the industrial VT
comparator is calibrated by using the calculable wide-ratio-error VT with a ratio error range of —10 % to +10 %.
Lastly, the industrial VT burden is calibrated using the series resistor. With these travelling transfer standards,
we are conducting on-site calibrations of industrial VT testing systems.
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