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Abstract: This paper presents the development of a selfcalibrating transformer for using as a primary standard in the
Uruguayan National Metrology Institute. Nominal ratios go
from 5 A/ 5 A to 2000 A/ 5 A. The ratio of the transformer
can be changed using the same primary windings, so that
there is no appreciable effect on the errors for different
ratios.
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Fig. 1. Diagram of the proposed transformer

1. I TRODUCTIO
High precision current measurements are necessaries in
electrical networks, mainly for energy measurements. As the
uncertainty in these measurements is decreasing, it forces all
devices in the power measurement chain to achieve better
accuracy. Current transformers are one of the devices
needed for power and energy measurements, so high
accuracy references are required. These transformers
perform ratio measurements, so that, from a theoretical point
of view, it is not necessary a standard. As a dimensionless
quantity, current ratio can be measured using methods that
do not require external standards. One of these methods is
based on a transformer that has many primary windings, one
of them of the same turn number of the secondary winding.
In this ratio (1:1), the errors can be measured, comparing the
primary current against the secondary one, directly, without
any other transformer. In this way, the device is selfcalibrating, at least in the 1:1 ratio. For other ratios, the
primary winding is divided in sections of equal turns, so that
different series-parallel configurations can be got, with
different ratios. The idea is that the same turns are used for
all configurations, with the same currents, so that the errors
remain the same.
2. GE ERAL DESIG
The goal is to get a standard transformer with
uncertainties in the order of few µA/A and µrad. In this kind
of transformers, the main error source is the magnetizing
currents, and many methods to reduce its influence have
been proposed. Most of them are electronic based [1, 2] or
multi-stage based [3], but for this work, a two-transformer
method was used [4]. One transformer generates all the
power required by the external load and the internal losses,
while the other one works at zero flux. In this way, this last
transformer has very low errors. Fig. 1 shows a schematic
diagram of the method.

T1 is the measuring transformer, while T2 is the auxiliary
one. Both share the same primary winding (N1). The resistor
R and the capacitor C are adjusting elements of total
impedance Z, and ZL is the external load.
The purpose of this method is to null V3, which can be
done according to the following equations.
ܸଷ = ܫଷ ሺܼ + ܼሻ − ܫଶ ܼ
ܰଶ ܫଶ ≅ ܰଷ ܫଷ

(1)
(2)

Then, to null V3 it is necessary to fix the following relation.
ܰଶ = ܰଷ
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Equation (3) shows that N2 must be lower than N3. In the
prototype, it was fixed 0,25% lower. Additionally, the angle
of ZL must be the same than the angle of Z. This last one is
small inductive, and ZL has also an inductive behavior due
to the magnetizing impedance of T2 (not shown in Fig. 1).
This justifies the addition of C for compensation of this last
inductive impedance.
This method requires a manual adjust of R and C. This
would be inconvenient for general use; but, as the main
purpose of this standard is to use only in very high accuracy
calibrations, the time required by the adjust is not a problem.
To know what close is the R-C adjust from the ideal
point (null flux) a third winding exists in T1. This is used to
measure the voltage on it. The fundamental component of
this voltage can be easily related to the magnetic flux. The
adjust is made until this voltage is below a defined level.
A second order source of errors is parasitic capacitances.
For the proposed transformer, it affects the secondary and

the primary windings as well. To analyze its effect, all stray
s
capacitances were measured and the
he errors produced by
them were estimated. A resume of the uncertainties added
by this source will be presented at the meeting.

3. CO STRUCTIO
The cores are of mumetal for the measuring transformer
and silicon iron for the auxiliary one. They have 30 cm of
diameter. The measuring transformer secondary
seco
winding has
400 turns. The primary winding consists
consist of 10 groups of 40
turns each, plus 10 groups of 4 turns each.
each So that, using the
first set it can be arranged from 40 turns (all groups in
parallel) to 400 turns (all groups is series),
series) corresponding to
nominal currents from 5 A to 50 A. Other currents are 10 A
and 25 A using series-parallel
parallel connections. This first set
permits the autocalibration procedure in the 5/5 A/A
connection. Higher primary currents use the same turns with
the same currents through each turn so that the errors must
remain constant. For going to higher currents, a second set
of primary windings exists.. It has 10 groups of 4 turns each,
so that it reaches from 50 A to 500 A. As the ratio 50/5 A/A
can be got with both sets, it is possible to relate the errors
determined
rmined by autocalibration at 5/5 A/A to these higher
primary current ratios. A similar step-up
up is possible using a
third group formed by 4 single bars. It goes from 500 A to
2000 A.
Detailed errors and uncertainties at each ratio will be
given at the meeting.
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