YK 620.9-111

CURRENT TRANSFORMERS AND OTHER TYPES OF MAGNETIC
CIRCUITS

F.Y.Khalezin
Scientific supervisor — Associate professor V.N.urdanova

Siberian Federal University

Currently, park of measuring current transformersold. Over time, the magnetic
properties of current transformers (CT) have chdngéhich leads to increase errors and
decrease reliability, also required classes of rmyuare not provided. The main problem for
replacement of CT is the financial aspect. Theeefdinis article presents different design,
operating principles, characteristics of differéft.

The CT accuracy depends above all on the propestiasmagnetic material used for
constructing magnetic cores. The parameters ofriagnetic materials applied in CTs up to
now do not comply with the designer’s requiremeamy longer because of too high core
losses, especially at increased frequencies otfmamed signals. The demand for CTs of
increased accuracy, higher frequency and larged rataver is becoming more and more
frequent nowadays. Moreover, the lower costs ofipction are also essential as far as CTs
are concerned. The main purpose of this work wasotwstruct a CT which metrological
properties would be better than those of a CT watltore made of standard magnetic
materials. It is possible, of course, to constthetcore of cheap materials and to increase the
accuracy class by appropriate realization of wigdifractional windings) or application of
electronic systems. These methods, however, doalhmv compensating the transformer
phase errors, which results in non-meeting theirements of the accuracy class. Moreover,
additional electronic systems considerably increaseprice of a CT. The authors of this
paper consider the investigations of the influeéethe present-day magnetic material
properties on the CT accuracy as well as workingtloel structure of composite cores which
may be used in CTs from the viewpoint of their eiséoptimal metrological parameters.

Silicon-iron alloy is a magnetic material commonlged for construction of CTs
cores. However, because of its large active powossds it is replaced with other magnetic
materials in CTs of high accuracy, e.g. amorphoesala and nanocrystalline alloys whose
permeability is very high (hundreds of thousands)l @ore losses are very low (several
mW/kg). These materials, however, are much moreemsige than silicon-iron steel.
Amorphous metals are mainly used for constructibmodern power transformers due to
their properties (low core losses). Their applmatin constructing CTs has not been common
so far because of less saturation magnetic induetra higher price. The possibilities of the
use of composite cores — magnetic circuits compasfedores made with materials of
different magnetic properties — for constructingaswing CTs were investigated in the
paper. The following composite cores were realized:

a) core made of silicon-iron steel of the low magnegiermeability, high core
losses and high saturation magnetic induction;

b) composite core composed of silicon-iron steel andraorphous metal;

C) composite core composed of silicon-iron steel andreocrystalline alloy;

d) composite core composed of an amorphous metal (Mptgand a
nanocrystalline alloy (Finemet).

The case (@) is the standard construction of sentitransformer core. The cases (b)
and (c) are the examples of composite cores inlwhipart of the standard material (silicon-



iron steel) is replaced by materials of better netignproperties. The case (d) is a composite
core made of modern materials only.

The current transformer core made of the standaadnetic material (silicon-iron
steel) is shown in Fig. 1a, whereas Fig. 1b prastdmd hysteresis loop of this core material.
The maximum value of the magnetic induction in ¢bee depends on the voltage drop along
the shunt branch impedance at the rated load (1)0avié is equal to about 1 T for this type of
transformer construction. The system for deterngrire current and phase errors of CT was
realized. The system is based on a magnetic cugemparator enabling very accurate
comparison of two currents. It is possible to deiee the CT errors from 0,001% to 10%.
The characteristics of the current and phase eobtkis transformer as a function of the
secondary current at 25% and 100% of the rated (®&JVA and 10 VA) are shown in Figs.
2a and 2b, respectively.
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Fig. 1. Magnetic core (a) and hysteresis loop {tsjilacon-iron steel
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Fig. 2. Current (a) and phase (b) error of CT wititon-iron steel core

The current and phase errors of this transformethie rated load(10 VA) are greater
than the limit errors specified in the standardthat particular Class 0.2 accuracy.

The cores of the same geometrical dimensions vmeestigated. The first part of the
core was made of silicon-iron steel, whereas tlerobne — of Metglas or Finemet. The
structure of composite cores is presented in Fag.Tde resultant hysteresis loops of these
cores are shown in Fig. 3b. Such a resultant “m&gmeaterial” has the high initial
permeability, the small ratio of the maximum perbikty to the initial one and the low

hysteresis loss.
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Fig. 3. The structure of composite magnetic coag¢sud their hysteresis loops (b)
The characteristics of the current and phase eofdise CT with the composite core

made of silicon-iron steel and Metglas as a fumctibthe secondary current at 25% and
100% of the rated load (2,5 VA and 10 VA) are shanvkigs. 4a and 4b, respectively. The




current and phase errors of this transformer ferrttted load (10VA) are smaller than the

limit errors specified in the standard for thattjgallar Class 0.1 accuracy.
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Fig. 4. Current (a) and phase error (b) of CT wititon-iron steel and Metglas composite
core

The errors of the CT with the composite core ugtimemet presented in Fig. 5 are
smaller than those of the CT with the compositeeamsing Metglas for the current smaller
than 40% IN and the low load (2,5 VA). The greatalues of the current, the greater these
errors. For the rated load they exceed the limirserfor Class 0.1 accuracy for the current
greater than 5 A.

The explanation of this fact is that Finemet, intespf better magnetic properties
(higher permeability and lower losses), reachesraabn sooner than Metglas because of the
lower saturation magnetic induction. The way tordase the errors of such a CT at the
higher burdens and currents is increase in thel @gpere-turns of the CT by increase in the
number of turns.
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Fig. 5. Current (a) and phase (b) error of CT wititon-iron steel and Finemet composite
core
This way of error minimization was verified expedntally by constructing the
composite core using Metglas and Finemet. The lasatiwas lowered to 5 VA and the rated
ampere-turns were increased to 500 A. The hystelasp of the core of such construction is
shown in Fig. 6.
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== The errors of the CT with the composite core
. made of Metglas and Finemet are presented in Fig. 7
- / They do not exceed the limit errors for Class 0.05
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Fig. 6. Hysteresis loop of Metglas and Finemet jgosite core
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Fig. 7. Current (a) and phase (b) error of a Chwietglas and Finemet composite core

The presented results of measurements supportdeéee of constructing magnetic
composite cores and prove its usefulness. Suchs comeposed of a cheap material of
medium magnetic properties and an expensive onveryfgood parameters ensure the high
accuracy of current transformers and relatively tealization costs, which is important in the
present market economy. This problem is a liveassiace there is a very large demand for
measuring transformers of high accuracy classs Itannected with their application to
measuring systems of essential economic importafme,instance in the process of
calculating costs of electric energy. In these eayst measuring transformers are used for
supply of very accurate and expensive digital elgtf meters.



