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Introduction

At present, many devices work in circuits with a
frequency above 50 Hz. The wide use of power
engineering electronics in systems with an elevated
frequency necessitates the usage in these circuits of special
constructions in the circuits of these current transformers.
Suitably solved windings with special magnetic materials
characterize these constructions.

An analysis of functioning current transformers with
different constructions at a changing frequency

While analyzing occurring phenomena in
conventional current transformer working at area of mean
frequencies, one must be attentive to the properties of each
constructional solution. The criterion of the current
transformer’s constructional solution is the degree of the
magnetic coupling, which appears between the primary
and secondary winding at the defined geometry of the core.
Following the above criterion, current transformers can be
divided on three principal groups:

o transformers with very small dispersion (i.e. with

a very good magnetic connection between
windings),

o transformers with average dispersion,

o transformers with very large dispersion.

Current transformer can be introduced with the help
of a supplementary scheme, which appears in the form of a
four-terminal network of the type T whose secondary
circuit contains the resistance of secondary winding R,
and the reactance of the dispersion X, and the impedance
Zp, thus determining a transformer’s load. Meanwhile one
can write the equation determining the denominative
voltage U, on the transverse branch representing the core.

U, =1,[(Ry + Rp)+ j(X5 + Xp)]. (1)

The efficient value of voltage U, directly influences
the value of the magnetic induction B,, in the core. The
efficient value is a basic denominative parameter, which
establishes the working conditions of core. Current
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transformers with different constructions can assign
defined courses to magnetic induction B,, in the function of
the circular frequency w. Accepting the assumption that
the transformer load is resistant Rp , then the following
examples of magnetic induction B,=f(w) can be assigned:

for current transformers with very small dispersion (L, = 0)

B, =a=>-(R, +R,), 2)
10
for current transformers with average dispersion (Lj)
1 2 e
B, :a_’|(R2+RB)+JL2|’ 3)
(4]
for current transformers with large dispersion (L5)
B, =al,L;, 4

where a - construction factor.

On the basis of equations (2), (3), (4) magnetic
induction B,= f (w) at L,=const. can be set up in the form
of graphs, as shown in Fig.1. These courses are closely
connected with the construction of a given transformer.
One can ascertain that the defined variability of the
magnetic induction B,, in a pulsation function, on which
depend active losses and passive power, has a direct
influence on the core temperature and transformer errors.
In such a case the character of changes B,= flw) is the
basic decisive criterion determining the possibility of the
use of a given solution for a current transformer in circuits
with a defined elevated frequency.

The current transformers’ work with very small,
average and large dispersions at a frequency range of
up to 20 kHz

The magnetic induction in a transformer’s core with
very small dispersion is inversely proportionate to the
frequency (equation 2), meaning that with the growth of
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Fig. 1. Dependencies of the magnetic induction B, from pulsating frequency w at a constant value of current /, for transformers:
a) with very small dispersion, b) with average dispersion, c¢) with large dispersion

the frequency the induction decreases hyperbolically close
to a value of zero (Fig. 1a). Active losses APg, in the core
of such a transformer change imperceptibly in the
frequency function and are decrescent to a certain amount
of it value. At this time dispersions begin to appear.
Current transformers with a very small dispersion can be
used in a broadband frequency.

In current transformers with average dispersion,
during frequency growth, one ought to examine magnetic
induction as two independent elements of the equation (3).

The first element of this equation contains component
(w™) and gives a hyperbolic analogous course, as is seen in
Fig. la. The second element in the third equation (jL,‘)
gives the magnetic induction a constant value. The
magnetic induction in this instance is thereby
hyperbolically decrescent and aims for a certain, settled
value, which is dependent on the dispersion value of the
secondary winding. In this instance, active losses APr,.
found in the core, are forced by the constant value of the
magnetic induction. By certain defined and elevated
frequencies these losses can be considerable. Current
transformers with average dispersion can be used in
systems with an elevated frequency, but the range of their
usage is limited.

In current transformers with large dispersion, the
magnetic induction has a constant value, independent of
changes in the frequency (equation 4). In this instance,
with frequency growth, active losses APp, increase
sharply. The increase causes the core’s temperature to rise.
Current transformers with large dispersion are not practical
in circuits of a higher frequency.

These transformers constructions are of use at
frequencies 50-60 Hz.

Exposures of current transformers in the electrical
power engineering system

Current transformers in an energy-circuit-system,
except for the determined ratings, are subject to over-
currents or short-circuits in the system. At this there occurs
a sharp increase of the primary /; and secondary I,
current. In compliance with equations (2), (3), (4),
magnetic induction B,, - found in the current transformer’s
core- multiplies in proportion to the growth of the
secondary current.

The multiplication of the magnetic induction may be
the cause of the core’s sudden warming of even up to
several hundred degree centigrade, and the thermal
destruction of the current transformer’s core. The increase
of active losses in the core dependent on the magnetic
induction and the frequency is given in Table 1.

On the basis of active losses (Table 1), with certain
approximation and without considering the draining of the
heat, one can qualify the increase in the temperature A6 in
the core.

From calculations, the results, with correct
conditions, when magnetic induction is B,=1,5T and the
frequency is /=20kHz, are that core’s temperature increases
to amount AQ =416 °C after a time of 10 seconds. During a
longer working period the increase of the core’s
temperature is considerably greater and will cause the
transformer’s thermal destruction from the side of the core.

Table 1. Active losses AP, [W/kg], in the core, from a 0,27mm cold rolled tape in a current transformer with a frequency range
between 50Hz and 20kHz, at the change of magnetic induction B,= (0,1 + 1,5)T

f 50 Hz | 500 Hz | 5000 Hz | 10000 Hz | 20000 Hz
B,=0,1T 0,005 0,2 0,5 30 90
B,=1T 0,37 14 520 1650 4800
B=1,5T 0,85 35 1900 6000 20000
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Fig. 2. Characterizations of active lossesA P, in magnetic materials at the frequency /=20 kHz in the function of the magnetic induction
B,,, ET4 - the magnetic, informed, cold rolled tape Fe3Si, N-Cr - the nanocrystalline tape

Table 2. Transformers with very small dispersion (1 =I;, )

fIHz] | X2[Q] | Z[Q] | e[V] B, [T] AP, [W/kg] AB1°C] in =100sek
50 0,025 85 42,5 0,6375 0,14
1000 0,5 85 42,5 0,0318 0,072
5000 2,5 85,03 42,51 0,006376 0,05 )
10000 5 85,14 42,57 0,003192 0,0407 0,003 +0,02
20000 10 85,58 42,79 0,001604 0,024
50000 25 88,6 443 0,000664 0,0179
100000 50 98,61 49,3 0,000369 0,02
300000 150 84,2 86,2 0,000215 0,17
Too much heat emitted in the core and in the Conclusion

secondary winding makes for worse working conditions
and transient states of over-currents or short-circuits can
lead to the thermal transformer’s destruction To bring
about diminution of the thermal effect in the core in such
transformers’ constructions, magnetic cores, characterized
with low losses and conditioned at an elevated frequency,
are used. Amorphous and nanocrystalline magnetic alloys
are such materials.

Fig. 2 shows losses in a core executed from an
informed cold rolled tape with the thickness of 0,27 mm
and in a nanocrystalline core in a function of magnetic
induction.

The work of current transformers with very small
dispersion at frequency changes of up to 300 kHz

In an area of large frequencies above 100 kHz,
conventional transformers require special construction
handling, because the change of the magnetic induction at
the growth of the frequency can not assure the correct
operation of the transformer.

Table 2 introduces a change of the reactance value of
dispersion X2 and the impedance Z2 of the current
transformer’s secondary winding with a very small
dispersion at a change of frequency in a range from 50 Hz
to 300 kHz. A large variability of the induction results
from this table and is also connected with these losses in
the core at increase of frequency. The decrease of losses in
the core causes a decrease of the transformer's errors. This
property is the most important feature of this current
transformer.
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The value of the magnetic induction B,, in the core
decides about the possibility of the conventional current
transformer’s suitability to work in a range of elevated
frequencies. Depending on its growth in the range of
elevated frequency changes or over-current and short-
circuit conditions, losses grow in the core, which can cause
the hyperthermia of the core and the transformer’s
destruction.
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R. Rajchert, R. Nowicz. Naujos kartos induktyviosios srovés transformatoriai, skirti darbui iki 300 kHz daZniu // Elektronika ir
elektrotechnika. — Kaunas: Technologija, 2005. — Nr. 8(64). — P. 14-17.

Nagrin¢jami reiSkiniai, atsirandantys ypatingos konstrukcijos elektromagnetiniuose srovés transformatoriuose, veikianciuose esant
vidutiniams dazniams. Siems transformatoriams biidinga atitinkama apvijy konstrukcija ir specialios magnetinés medziagos (amorfinés
ir nanokristalinés magnetinés juostos). Transformatoriaus konstrukcijos kriterijumi buvo pasirinktas magnetinio rysio, atsirandancio tarp
pirminés ir antrinés apvijy, laipsnis. Srovés transformatorius galima skirstyti i tris grupes: 1) mazos sklaidos transformatoriai (t.y. su
labai geru magnetiniu rysiu tarp apvijy); 2) vidutinés sklaidos transformatoriai; 3) didelés sklaidos transformatoriai.

Ivairiy konstrukcijy srovés transformatoriams galima priskirti magnetinés indukcijos priklausomybes B,,, pulsacijos funkcijoje .
Sios kreivés glaudziai susijusios su transformatoriaus konstrukcija. Taigi reikia pasakyti, kad tam tikros magnetinés indukcijos B,
pulsacijos funkcijoje, nuo kurios priklauso aktyvieji nuostoliai ir reaktyvioji magnetinio laidininko galia, tiesiogiai veikia Serdies
temperatiirg ir transformatoriaus srovés paklaidas. Dél to pokyciai B,=f(w) yra pagrindinis kriterijus, lemiantis srovés transformatoriaus
taikyma tam tikro padidinto daznio grandinése. Galimybé taikyti konvencinj srovés transformatoriy darbui didelio daznio srityje taip pat
salygojama nominalios magnetinés indukcijos B, magnetiniame laidininke vertés. Il. 2, bibl. 4 (angly kalba; santraukos lietuviy, angly ir
rusy k.).

R. Rajchert, R. Nowicz. New Inductive Current Transformers Provided for to Work at a Frequency of up to 300 kHz //
Electronics and Electrical Engineering. — Kaunas: Technologija, 2005. — No. 8(64). — P. 14-17.

Phenomena occurring in electromagnetic current transformers operating in the areas of medium frequencies have been discussed,
above all, with respect to the properties of particular constructional solutions. These constructions are characterized by appropriate
solutions to windings and special magnetic materials (amorphous and nanocrystalline tapes). The degree of magnetic coupling that
occurs between the primary winding and the secondary winding with a definite geometry of the magnetic core was assumed to be the
criterion of a solution of the current transformer. Current transformers should be divided into three basic groups: 1) transformers with
very small dispersion (i.e. of very good magnetic coupling between the windings); 2) transformers with medium dispersion; 3)
transformers with very large dispersion.

Current transformers can be assigned specified courses of the magnetic induction By, as a function of pulsation w. These courses are
closely related to the construction of a given transformer. Thus, it can be stated that the specified variability of the magnetic induction
B,, as a pulsation function which affects active losses and passive power has a direct effect on the core temperature and the transformer
errors. Hence, the character of changes in B,,=f(®) is the basic criterion determining the possibility of use of a given solution of the
transformer in circuits of a specified elevated frequency. The possibility of application of a conventional current transformer to operate
over the range of an elevated frequency is also determined by the value of the rated magnetic induction B, in the magnetic core. Ill. 2,
bibl. 4 (in English; summaries in Lithuanian, English and Russian).

P. Paiixept, P. HoBuu. HoBble HHAYKIIMOHHBIE TPaHC(OPMATOPBLI TOKA, NPeAyCMOTPeHHbIe M padoThl ¢ yactoramu A0 300
K1 // DJIeKTPOHMKA U dJeKTpoTexHnka. — Kaynac: Texnosorus, 2005. — Ne 8(64). — C. 14-17.

IIpenycMOTpeHH! SBICHUS, BBICTYNAOIINE B DIEKTPOMATHUTHBIX TpaHC()OPMATOpax TOKa 0CO0OH KOHCTPYKIMH, pabOTAaloIIMX B
007acTH CpPEeIHHX 4YacTOT. OTH KOHCTPYKIHM XapaKTEPU3YIOTCS COOTBETCTBYIOIIUM pEIIEHHEM OOMOTOK H CIIEHHAIbHBIMU
MAarHUTHBIMH MaTepHanamMu (aMopdHble M HAHOKPHCTAJNIMYECKHE MAarHUTHBIC JICHTHI). B KkadecTBe pelleHHs KOHCTPYKLHOHHOTO
KpuTepHs TpaHcopMaropa TOKa OblIa HPHHATA CTEICHb MAarHUTHOH CBf3H, BBICTYNAIOIas MEXIY IEPBHYHOH U BTOPHYHOU
obmoTkamu. TpaHchopMaTOpsl TOKAa MOKHO pPas3/ieuTh B OCHOBHOM Ha TPH TPYMIbL: 1) TpaHCHOpMATOPBI C MAICHEKAM PacCEesTHUEM
(T.e. ¢ O4YEHb XOPOILIEH MarHUTHOH CBSI3bI0 MEXy 0OMOTKaMH); 2) TpaHC(HOPMATOPBI CO CPEIHUM paccessHueM; 3) TpaHc(opMaTopsl ¢
OOJIBIINM PACCESHUEM.

TpancdopmaTopam TOKa pa3sHBIX KOHCTPYKIMH MOMKHO NPHUYHCIHTH OINpEIENCHHbIC 3aBUCHMOCTH MAarHUTHOW MHAYKIMH B, B
(GYHKUMM IynbcallMd . OTH KpPHBBIE TECHO CBSI3aHBl C KOHCTPYKIMEH IaHHOro TpaHchopmaropa. Mrak, Hamo cka3arb, 4TO
omnpezeNieHHas U3MEHIEMOCTh MATHUTHON MHIYKIUK By, B GyHKINM MyJbcauy, OT KOTOPOIl 3aBUCAT aKTUBHBIC IOTEPH U PEaKTHBHAS
MOII{HOCTb MAarHUTOIPOBO/A OKA3bIBAIOT HENOCPEICTBEHHOE BIMSHUE HAa TEMIIEpAaTypy CepleuHHKa M IOrPEeLIHOCTH TpaHcdopmaropa
ToKa. B cBA3u ¢ 3TMM XapakTep m3MeHeHHil B,,= f(®) sABIfeTCS OCHOBHBIM KpUTEpHEM, PEHIAIOIIMM O BO3MOMKHOCTH IPUMEHEHHS
JAHHOTO pEIIeHHUs TpaHC)OpMATOpa TOKAa B LEMSAX C ONpPCICICHHON IOBBINICHHOW 4acTOTOH. B0O3MOXKHOCTE NpenHa3sHAuCHHS
KOHBEHIIMOHHOTO TpaHC(hopMaTopa TOKa UL pabOTHI B 00JIACTH TOBBIIICHHBIX YaCTOT ONpeAeNAeTCs Takke 3HAaUCHHEM HOMHHAIBHOM
MAarHuTHOM MHAyKuMM B, B MarHutompoBoxe. Mm. 2, Oubn. 4 (Ha aHMIMHCKOM s3bIKe; pedepaTbl Ha JMTOBCKOM, aHITIMICKOM U
PYCCKOM $3.).
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