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EP 1 840 906 B1
Description
FIELD OF THE INVENTION

[0001] The present invention relates to a current transformer core suitable for detecting unsymmetrical-waveform
alternating current such as half-wave, sinusoidal, alternating current, etc. and direct-current-superimposed alternating
current, and a current transformer and a power meter using such core.

BACKGROUND OF THE INVENTION

[0002] Power meters used to detectthe power consumption of electric appliances and facilities at homes and in industry
are categorized into induction-type power meters and electronic power meters. Although induction-type power meters
comprising rotating disks were conventionally predominant, the electronic power meters are recently finding wider use
due to the development of electronics. Power meters adapted to conventional standards such as IEC62053-22, etc.
cannot conduct the accurate detection of distorted-waveform current such as half-wave, sinusoidal, alternating current,
etc., failing to measure power accurately. Accordingly, IEC62053-21, a power meter standard adapted to distorted
waveforms (half-wave rectified waveforms), was enacted in Europe. In other countries than those in Europe, too, power
meters such as present rotating-disk meters, etc. failing to accurately measure the power of distorted waveforms were
discarded, and power meters adapted to IEC62053-21, which use current transformers (CTs) or Hall elements for current
detection, have been being put to actual use. In the industrial fields such as inverters, etc., too, the current transformers
have importantrole in the detection of distorted-waveform alternating current and direct-current-superimposed alternating
current.

[0003] A current sensor using a Hall element comprises a Hall element disposed in a gap of a magnetic core, and a
conductive wire for flowing current to be measured, which penetrates through a closed magnetic circuit of the magnetic
core, to detect a magnetic field generated in the gap, which is substantially proportional to the current, by the Hall element,
thereby detecting the current.

[0004] The current transformer (CT) usually comprises a magnetic core having a closed magnetic circuit, a primary
winding for flowing current to be measured, which penetrates through the closed magnetic circuit, and a secondary
winding in a relatively large number of turns. Fig. 8 shows the structure of a current transformer (CT)-type current sensor.
The magnetic core is in a ring-type or assembled core-type shape, and a ring-type, toroidal core with windings can be
made smaller with a reduced magnetic flux leakage, thereby enabling performance near a theoretical operation.
[0005] Ideal output current i obtained from alternating through-current Iy under the condition of R << 2=nf-L, is Iy/N,
wherein N is the number of a secondary winding, and output voltage Eg is Ig'R| /N, wherein R, is load resistance. The
output voltage E; is actually smaller than the ideal value due to a core loss, a leaked magnetic flux, etc. The sensitivity
of the current transformer corresponds to E /I, but this value is actually determined by a coupling coefficient of primary
and secondary windings. Ey = I'R| ‘K/N is satisfied, wherein K is a coupling coefficient.

[0006] Although the coupling coefficient K is 1 in an ideal current transformer, K is about 0.95-0.99 in actual current
transformers at R of 100Q or less, under the influence of the internal resistance of windings, load resistance, a leaked
magnetic flux, the non-linearity of a permeability, etc. Because the K value is low if there is a gap in a magnetic circuit,
a toroidal core with no gap can provide an ideal current transformer having the largest degree of coupling. The larger
cross section area S, the larger number N of a secondary winding, and the smaller load resistance R provide the K
value closer to 1. This K value also varies depending on the through-current I;. In the case of micro-current |5 of 100
mA or less, the K value tends to be low. Particularly when a low-permeability material is used for the magnetic core, this
tendency is large. Accordingly, when the micro-current should be measured at high accuracy, a high-permeability material
is used for the magnetic core.

[0007] A ratio erroris a relative error of the measured value to the ideal value at each measurement point, indicating
how the measured current is accurate. The coupling coefficient is correlated with the ratio error. A phase difference
represents the accuracy of awaveform, indicating the phase deviation of the output waveform from the original waveform.
The current transformer output usually has a leading phase. These two characteristics are particularly important to the
current transformers used for integrating power meters, etc.

[0008] In the current transformer that should measure micro-current, materials having high initial permeability such
as Parmalloy, etc. are generally used to have a high coupling coefficient K, and small ratio error and phase difference.
The maximum through-current |y, of the current transformer is defined as the maximum current with secured linearity,
which is affected by load resistance, internal resistance, and the magnetic properties of core materials used. To enable
the measurement of large current, the core materials preferably have as high saturation magnetic flux density as possible.
[0009] Known materials used for the current transformer cores include silicon steel, Parmalloy, amorphous alloys, Fe-
based, nano-crystalline alloys, etc. Because inexpensive, high-magnetic-flux-density silicon steel sheets have low per-
meability, large hysteresis, and poor magnetization loop linearity, they suffer largely varying ratio error and phase dif-
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ference, resulting in difficulty in providing high-accuracy current transformers. Further, having a large residual magnetic
flux density, they cannot easily conduct the accurate measurement of unsymmetrical current such as half-wave, sinu-
soidal, current, etc.

[0010] The Fe-based amorphous alloys suffer large variations of a ratio error and a phase difference when used for
the current transformer. JP 2002-525863 A discloses that because a Co-based, amorphous alloy heat-treated in a
magnetic field has good magnetization curve linearity and small hysteresis, it exhibits excellent characteristics when
used for a current transformer (CT) for detecting unsymmetrical-waveform current. Co-based, amorphous alloys having
as low permeability as about 1500 and good magnetization curve linearity are used for current transformers (CTs) for
current detection, which are adapted to the above IEC62053-21, a standard of power meters. However, the saturation
magnetic flux densities of the Co-based, amorphous alloys are insufficiently aslow as 1.2 T or less, and they are thermally
unstable. Thus, there are problems as follows: the measurement is limited when biased with large current; they are not
necessarily sufficient in size reduction and stability; and because their permeability cannot be increased so high from
the aspect of magnetic saturation in view of direct current superposition, they have large ratio error and phase difference,
important characteristics for current transformers. In addition, the Co-based, amorphous alloys are disadvantageous in
cost because they contain a large amount of expensive Co.

[0011] Materials having relatively high permeability such as Parmalloy, etc. are used for current transformer cores in
integrating power meters adapted to the conventional standards of IEC62053-22, etc. Such high-permeability materials
can measure the power of positive-negative-symmetrical current and voltage waveform, but cannot measure the power
of unsymmetrical-waveform current and distorted-waveform current accurately.

[0012] The Fe-based, nano-crystalline alloys having high permeability and excellent soft magnetic properties are used
for magnetic cores of common-mode choke coils, high-frequency transformers, pulse transformers, etc. The typical
compositions of the Fe-based, nano-crystalline alloys are Fe-Cu-(Nb, Ti, Zr, Hf, Mo, W, Ta)-Si-B, Fe-Cu-(Nb, Ti, Zr, Hf,
Mo, W, Ta)-B, etc. described in JP 4-4393 B and JP 1-242755 A. These Fe-based, nano-crystalline alloys are usually
produced by forming amorphous alloys from a liquid or gas phase by rapid quenching, and heat-treating them for micro-
crystallization. It is known that the Fe-based, nano-crystalline alloys have as high saturation magnetic flux density and
as low magnetostriction as those of the Fe-based amorphous alloys, meaning excellent soft magnetic properties. JP
1-235213 A, JP 5-203679 A and JP 2002-530854 A describe that the Fe-based, nano-crystalline materials are suitable
for current sensors (current transformers) used in leakage circuit breakers, integrating power meters, etc.

[0013] However, current transformer cores made of high-permeability materials such as conventional Parmalloy and
Fe-based, nano-crystalline, soft-magnetic alloys fail to detect current sufficiently because of magnetic saturation, par-
ticularly in the case of direct current bias. The cores of the Fe-based, nano-crystalline, soft-magnetic alloys having high
saturation magnetic flux density and permeability are suitable for current transformers such as leakage circuit breakers,
etc., but they have so small Hy that they cannot easily measure current in the case of direct current bias because of
their magnetic saturation. In the case of a current transformer used for half-wave, sinusoidal, current, direct current of
Imax/27 is superimposed, where |, is a peak value of the half-wave, sinusoidal, current. Accordingly, the current
transformer cores made of the conventional Fe-based, nano-crystalline, soft-magnetic alloys described in
JP2002-530854 A, etc., which have as high permeability as 12000 or more, are magnetically saturated because of direct-
current magnetic field bias. Thus, they are not suitable for the measurement of such unsymmetrical-waveform current.
[0014] Demand has thus become mounting for a magnetic material making it possible to measure the power of un-
symmetrical-waveform current accurately. Even when unsymmetrical-waveform current such as half-wave, sinusoidal,
current and direct current are superimposed, the accurate measurement of alternating current is demanded. Necessary
to meet such demand is a current transformer core made of a magnetic material having a low residual magnetic flux
density, small hysteresis, and good magnetization curve linearity, which is not easily saturable and generates arelatively
large anisotropic magnetic field H.

[0015] EP 1045 402 A2 discloses an Example for an alloy having a composition in line with the preamble of present
claim 1.

OBJECTS OF THE INVENTION

[0016] Accordingly, an object of the present invention is to provide a current transformer core capable of accurately
measuring the power of unsymmetrical-waveform current and distorted waveform current.

[0017] Another object of the present invention is to provide a small, inexpensive, thermally stable current transformer
core with a wide current-measuring range.

[0018] A further object of the present invention is to provide a current transformer and a power meter using such
magnetic core.
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DISCLOSURE OF THE INVENTION

[0019] As a result of intense research in view of the above objects, the inventors have found that (a) an Fe-based,
nano-crystalline alloy containing increased amounts of Co and/or Ni, at least part or all of its structure being composed
of crystal grains having an average particle size of 50 nm or less, has a magnetic flux density Bgygq of 1.2 T or more at
8000 Am1, an anisotropic magnetic field H, of 150-1500 Am-1, a squareness ratio B,/Bgygy of 5% or less, and an
alternating-current specific initial permeability ., of 800-7000 at 50 Hz and 0.05 Am™1, and that (b) a core made of this
alloy exhibits excellent characteristics when used for a current transformer for detecting unsymmetrical-waveform current
and direct-current-biased current. The present invention has been completed based on such findings.

[0020] The current transformer core of the present invention is defined in claim 1. The subclaims relate to preferred
embodiments.

[0021] The power meter of the present invention multiplies the current value obtained by the above current transformer
and voltage at that time to calculate power used.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a graph showing the magnetic flux density Bgygq of an alloy of Fegs; ,Co,CuyNb;SiyBg (by atomic %) at
8000 Am™1, which is used for the magnetic core of the present invention for a current transformer.

Fig. 2 is a graph showing the squareness ratio B,/Bgggg of an alloy of Fegz ,Co,CuNb;SiyBg (by atomic %), which
is used for the magnetic core of the present invention for a current transformer.

Fig. 3 is a graph showing the coercivity H. of an alloy of Fegs ,Co,CuNb,Si;Bg (by atomic %), which is used for
the magnetic core of the present invention for a current transformer.

Fig. 4 is a graph showing the alternating-current specific initial permeability ., of an alloy of Fegs_,Co,CusNb;Si;Bg
(by atomic %) at 50 Hz and 0.05 Am™!, which is used for the magnetic core of the present invention for a current
transformer.

Fig. 5 is a graph showing the anisotropic magnetic field Hk of an alloy of Feg; ,Co,CuNb;Si{Bg (by atomic %),
which is used for the magnetic core of the present invention for a current transformer.

Fig. 6 is a graph showing the direct-current B-H loops of a magnetic core of an Feg; gCo,5Cug 7Nb, SigBg alloy (by
atomic %) used in the current transformer of the present invention and a magnetic core of a conventional Co-based,
amorphous alloy.

Fig. 7 is a graph showing the dependency of the alternating-current specific initial permeability ., at 50 Hz of a
magnetic core of an Fegz gCo,5Cuqg 7Nb, 6SigBg alloy (by atomic %) used in the current transformer of the present
invention on a magnetic field.

Fig. 8 is a perspective view showing one example of the current transformer (CT)-type current sensor of the present
invention.

Fig. 9 is a graph showing an anisotropic magnetic field Hy in a B-H loop in the difficult magnetization axis of the
current transformer core.

DESCRIPTION OF THE BEST MODE OF THE INVENTION
[1] Fe-based, nano-crystalline alloy
(1) Composition

[0023] The Fe-based, nano-crystalline alloy for the current transformer core of the present invention has a composition
represented by the general formula: Fe g 45.y-cMCUM' X’ (by atomic %), wherein M is Co and/or Ni, M is at least
one element selected from the group consisting of V, Ti, Zr, Nb, Mo, Hf, Ta and W, X’ is Si and/or B, and x, a,y and ¢
are numbers satisfying 15<x<40,0.1<a<3,1<y<10,2<¢c<30,and 7 <y + c < 31, respectively.

[0024] M is Co and/or Ni, having functions of increasing induced magnetic anisotropy, improving the linearity of a B-
H loop, adjusting an anisotropic magnetic field Hy, and enabling operation as a current transformer even with biased
direct current in cases where half-wave, sinusoidal, alternating current, etc. are measured, etc. The M content x should
generally meet 10 < x < 50. When x is less than 10 atomic %, Hy is so small that the magnetic core is saturated when
direct current is superimposed, resulting in difficulty in current measurement. When x exceeds 50 atomic %, Hy becomes
too large, resulting in too much increase in the absolute values of a phase difference and a ratio error. The M content x
of the present invention meets 15 < x < 40, preferably 18 <x < 37, most preferably 22 < x < 35. The x in arange of 10-50
provides a high-accuracy, well-balanced current transformer, because accurate current measurement can be conducted
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even when direct current is superimposed.

[0025] The Cu content a meets 0.1 < a < 3. When a is less than 0.1 atomic %, there is a large phase difference. When
a exceeds 3 atomic %, the core material becomes brittle, resulting in difficulty in forming the magnetic core. The Cu
content a preferably meets 0.3 < a <2.

[0026] M’ is an element for accelerating the formation of an amorphous phase. M’ is at least one element selected
from the group consisting of V, Ti, Zr, Nb, Mo, Hf, Ta and W, and its amount y is in arange of 1 <y < 10. When y is less
than 1 atomic %, a fine crystal grain structure cannot be obtained after heat treatment, resulting in increase in the absolute
values of a phase difference and a ratio error. When y exceeds 10 atomic %, Hyx decreases because of drastic decrease
in a saturation magnetic flux density, resulting in difficulty in current measurement by magnetic saturation in the case of
direct current bias. The preferred M’ content y meets 1.5 <y <9.

[0027] X’ is also an element for accelerating the formation of an amorphous phase. X’ is Si and/or B, and its amount
cis in a range of 2 < ¢ < 30. When the X’ content c is less than 2 atomic %, the absolute values of a phase difference
and a ratio error increase. When it exceeds 30 atomic %, Hy decreases because of drastic decrease in a saturation
magnetic flux density, resulting in difficulty in current measurement by magnetic saturation in the case of direct current
bias. The X’ content ¢ meets preferably 5 < ¢ < 25, more preferably 7 < c < 24.

[0028] The sum of the M’ content y and the X’ content ¢ meets the condition of 7 <y + ¢ < 31. Wheny + c is less than
7 atomic %, the phase difference is extremely large. When it exceeds 31 atomic %, the saturation magnetic flux density
decreases. y + ¢ meets preferably 10 <y + ¢ < 28, more preferably 13 <y + ¢ < 27.

[0029] Particularly when the B content is 4-12 atomic %, a current transformer core with a small phase difference is
preferably obtained. The B content is particularly 7-10 atomic %. When the Si content is 0.5-17 atomic %, the absolute
values of a phase difference and a ratio error are so small that high-accuracy current measurement can be conducted
even when biased with half-wave sinusoidal or direct current during measuring alternating current. The Si content is
particularly 0.7-5 atomic %.

[0030] To adjust the corrosion resistance, the phase difference and the ratio error of the alloy, part of M’ may be
substituted by at least one element selected from the group consisting of Cr, Mn, Sn, Zn, In, Ag, Au, Sc, platinum-group
elements, Mg, Ca, Sr, Ba, Y, rare earth elements, N, O and S, and to adjust the phase difference and the ratio error,
part of X’ may be substituted by at least one element selected from the group consisting of C, Ge, Ga, Al, Be and P.

(2) Production method

[0031] The current transformer core of the present invention is produced by rapidly quenching an alloy melt having
said composition by a rapid quenching method such as a single roll method, etc. to form a thin amorphous alloy ribbon,
slitting the ribbon if necessary, winding it to a toroidal core, heat-treating the toroidal core at a crystallization temperature
or higher to form fine crystals having an average particle size of 50 nm or less. Although the thin amorphous alloy ribbon
before heat treatment preferably does not contain a crystal phase, it may partially contain a crystal phase. Although the
rapid quenching method such as a single roll method, etc. may be conducted in the atmosphere when no active metals
are contained, it is conducted in an inert gas such as Ar, He, etc. or in vacuum when active metals are contained. It may
also be produced in an atmosphere containing a nitrogen gas, a carbon monoxide gas or a carbon dioxide gas. The
surface roughness Ra of the thin alloy ribbon is preferably as small as possible. Specifically, it is preferably 5 um or
less, more preferably 2 um or less.

[0032] When an insulating layer is formed on at least one surface of the thin alloy ribbon by coating of SiO,, MgO,
Al,Og, etc., a chemical conversion treatment, an anode oxidation treatment, etc., if necessary, high accuracy is achieved
in the measurement of current containing high-frequency components. The thickness of the insulating layer is preferably
0.5 um or less, to avoid decrease in core space factor.

[0033] After the thin amorphous alloy ribbon is wound to form a toroidal core, heat treatment is conducted in an inert
gas such as an argon gas, a helium gas, a nitrogen gas, etc. or in vacuum to obtain a magnetic core with little performance
variation. A magnetic field having enough intensity to saturate the alloy (for instance, 40 kAm-! or more) is applied during
at least part of the heat treatment, to provide the core with magnetic anisotropy. The direction of a magnetic field applied
is aligned with the height of a toroidal core. The magnetic field applied may be a direct-current magnetic field, an
alternating-current magnetic field, or a pulse magnetic field. The magnetic field is usually applied at a temperature of
200°C or higher for 20 minutes or more. Also, the magnetic field is applied during temperature elevation, keeping at a
constant temperature and cooling, to provide a current transformer with a small squareness ratio, improved linearity of
the B-H loop, and small absolute values of a phase difference and a ratio error. On the contrary, when no magnetic field
is applied during the heat treatment, the resultant current transformer has extremely poor performance.

[0034] The highest temperature during the heat treatment is a crystallization temperature or higher, specifically
450-700°C. In the case of a heat treatment pattern comprising a constant-temperature period, the constant-temperature
period is usually 24 hours or less, preferably 4 hours or less from the aspect of mass production. An average temperature-
elevating speed is preferably 0.1-100°C/minute, more preferably 0.1-50°C/minute, during the heat treatment. An average
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cooling speed is preferably 0.1-50°C/minute, more preferably 0.1-10°C/minute. The cooling is conducted to room tem-
perature. This heat treatment provides the current transformer with particularly improved B-H loop linearity, small phase
difference, and small absolute value variation of a ratio error.

[0035] The heat treatment may be conducted by one step or many steps. When a large magnetic core is heat-treated,
or when many magnetic cores are heat-treated, it is preferable to proceed crystallization slowly by elevating the tem-
perature at a low speed near the crystallization temperature, or keeping the temperature near the crystallization tem-
perature. This is to avoid that the temperature of the magnetic core is elevated too much by heat generation during the
crystallization, leading to the deterioration of characteristics. The heat treatment is preferably conducted in an electric
furnace, but the alloy may be heated by flowing direct current, alternating current or pulse current through the alloy.
[0036] The resultant magnetic core is preferably contained in a stress-free insulating case of phenol resins, etc. to
avoid the deterioration of performance, but it may be impregnated or coated with a resin, if necessary. A detection wire
is wound around the case containing the magnetic core to provide a current transformer. The current transformer core
of the present invention exhibits the maximum performance for direct-current-superimposed current, particularly suitable
for a current transformer for an integrating power meter adapted to IEC62053-21, a standard usable for distorted wave-
form.

(3) Crystal structure

[0037] The Fe-based, nano-crystalline alloy for the current transformer core of the present invention has crystal grains
having an average particle size of 50 nm or less at least partially or entirely. The percentage of the crystal grains is 30%
or more, preferably 50% or more, particularly 60% or more, of the alloy structure. An average crystal grain size desirable
for providing the current transformer core with small absolute values of a phase difference and a ratio error is 2-30 nm.
[0038] Thecrystal grainsinthe Fe-based, nano-crystalline alloy have a body-cubic crystal (bcc) structure mainly based
on FeCo or FeNi, in which Si, B, Al, Ge, Zr, etc. may be dissolved, and which may have a regular lattice. Also, the alloy
may partially have a face-center cubic (fcc) phase containing Cu. The alloy is preferably free from a compound phase,
but it may contain the compound phase if it is in a small amount.

[0039] When the alloy has a phase other than the crystal grains, that phase is mainly an amorphous phase. The
existence of the amorphous phase around crystal grains suppresses the crystal grains from growing, thereby making
them finer, and providing the alloy with higher resistivity and smaller magnetization hysteresis. Thus, the current trans-
former is provided with improved phase difference.

(4) Properties
(a) Magnetic flux density

[0040] The Fe-based, nano-crystalline alloy should have a magnetic flux density Bgqog at 8000 Am-10of 1.2 T or more.
When Bggqg is less than 1.2 T, an anisotropic magnetic field Hx cannot be increased, so that the current transformer
fails to exhibit sufficient characteristics in applications in which large direct-current bias is used, or in applications in
which large current is measured. By adjusting the alloy composition, Bgggg can be 1.6 T or more, further 1.65 T or more.

(b) Anisotropic magnetic field

[0041] The anisotropic magnetic field Hy is a physical parameter indicating the saturated magnetic field of a magnetic
core, which corresponds to a magnetic field at a flexion of the B-H loop, as shown in Fig. 9. The current transformer
core of the present invention has an anisotropic magnetic field Hy of 150-1500 Am-1. With an anisotropic magnetic field
Hk in this range in addition to a high saturation magnetic flux density, the current transformer core has a B-H loop with
small hysteresis and excellent linearity.

(c) Squareness ratio

[0042] The Fe-based, nano-crystalline alloy should have a squareness ratio B,/Bgggq of 5% or less. When B,/Bggqg
exceeds 5%, the current transformer has large absolute values of a phase difference and a ratio error, resulting in
deteriorated characteristics, and more variations of current detection characteristics after the measurement of large
current. By adjusting the alloy composition, B /Bgygg can be 3% or less, further 2.5% or less. B, represents a residual
magnetic flux density, and Bgggq represents a magnetic flux density when a magnetic field of 8000 Am1is applied.
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(d) Alternating-current specific initial permeability

[0043] The Fe-based, nano-crystalline alloy has an alternating-current specific initial permeability ., of 800-7000 at
50Hz and 0.05 Am-!. The current transformer core made of the Fe-based, hano-crystalline alloy having such alternating-
current specific initial permeability p., can perform current transformation with small phase difference and small variation
of the absolute value of a ratio error, in current measurement biased with half-wave sinusoidal current or direct current.
By adjusting the alloy composition, the alternating-current specific initial permeability ., can be 5000 or less, further
4000 or less.

[2] Current transformer and power meter

[0044] The current transformer of the present invention comprises the above magnetic core, a primary winding, at
least one secondary detection winding, and a load resistor parallel-connected to the secondary detection winding. The
primary winding is usually one turn penetrating the core. The current transformer of the present invention can measure
half-wave, sinusoidal current, direct-current-biased current, etc. with small absolute values of a phase difference and a
ratio error, easy correction and high accuracy. Connected to the detection winding of the current transformer of the
present invention is a resistor variable depending on current specification. Particularly, the current transformer of the
present invention can perform high-accuracy measurement of half-wave, sinusoidal, alternating current with a phase
difference of 5° or less in a rated current range and the absolute value of a ratio error within 3%. Further, the current
transformer of the present invention is better in temperature characteristics than conventional ones using Parmalloy or
Co-based, amorphous alloys.

[0045] The power meter comprising the current transformer of the present invention is adapted to IEC62053-21, a
standard usable for distorted waveforms (half-wave rectified waveforms), so that it can perform power measurement of
distorted-waveform currents.

[0046] The presentinvention will be explained in more detail referring to Examples below without intension of restricting
the present invention thereto.

Example 1

[0047] An alloy melt of Fegs;_ ,Co,Cu4Nb,Si;Bg (by atomic %) was rapidly quenched by a single roll method, to obtain
a thin amorphous alloy ribbon of 5 mm in width and 21 wm in thickness. This thin amorphous alloy ribbon was wound
to a toroidal core having an outer diameter of 30 mm and an inner diameter of 21 mm. The magnetic core was placed
in a heat treatment furnace filled with a nitrogen gas, to carry out a heat treatment while applying a magnetic field of 280
kAm-1in a direction perpendicular to the magnetic circuit of the magnetic core (in the width direction of the thin alloy
ribbon, or in the height direction of the magnetic core). A heat treatment pattern used comprised temperature elevation
at 10°C /minute, keeping at 550°C for 1 hour, and cooling at 2°C/minute. Observation by an electron microscope revealed
that the heat-treated alloy had a structure, about 70% of which was occupied by crystal grains having a particle size of
about 10 nm and a body-cubic crystal structure, part of the crystal phase having a regular lattice. The remainder of the
structure was mainly an amorphous phase. An X-ray diffraction pattern indicated peaks corresponding to a body-cubic
crystal phase.

[0048] This Fegs ,Co,Cu Nb;SiiBg (by atomic %) alloy was measured with respect to a magnetic flux density Bgggg
at 8000Am-1, a squareness ratio B,/Bgqq,, coercivity H, an alternating-current specific initial permeability ., at 50 Hz
and 0.05 Am™!, and an anisotropic magnetic field Hk. The results are shown in Figs. 1-5. This alloy exhibited a relatively
high magnetic flux density Bgggg when Co was in a range of 3-50 atomic %. The squareness ratio B/Bgggg Was as low
as 5% or less when Co was in a range of 3-50 atomic %. The coercivity He was relatively low when Co was in a range
of 3-50 atomic %, but drastically increased when Co exceeded 50 atomic %. The alternating-current specific initial
permeability ., decreased as the amount of Co increased, reaching 7000 or less when Co was 3 atomic % or more, and
less than 800 when Co exceeded 50 atomic %. The anisotropic magnetic field Hy increased as the amount of Co
increased, reaching 150 Am-1 or more when Co was 3 atomic % or more, and 1500 Am-1 when Co was 50 atomic %.
[0049] The magnetic core (x = 25 atomic %) was provided with a one-turn primary winding, a 2500-turn secondary
detection winding, and a load resistor of 100 Q parallel-connected to the secondary detection winding, to produce a
current transformer. Sinusoidal alternating current of 50 Hz and 30A was supplied to the primary winding to measure a
phase difference and a ratio error (expressed by absolute value) at 23°C. As a result, the phase difference 06 was 0.5°,
and the ratio error RE was 0.1 %, at the Co content x of 0 atomic %. Also, the phase difference 6 was 1.3°, and the ratio
error RE was 0.2%, at the Co content x of 16 atomic %. The phase difference 6 was 2.5°, and the ratio error RE was
1.7%, at the Co content x of 25 atomic %. The phase difference 6 was 2.6°, and the ratio error RE was 1.1 %, at the Co
content x of 30 atomic %. Further, how well half-wave, sinusoidal, alternating current having a wave height of 30A could
be measured was evaluated by the following standards. The results are shown in Table 1.
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Good:  Measured accurately.

Fair: Measured without accuracy.
Poor: Could not be measured.
Table 1
Co Content x (by atomic %) 0 1 3 16 25 30 40 50 70 80
Measurement Poor | Poor | Fair | Good Good Good Good Good Poor | Poor

[0050] The current transformer core of the present invention made of the Fe-based, nano-crystalline alloy having a
Co content x of 10-50 was able to measure half-wave, sinusoidal, alternating current and direct-current-superimposed
current. It also had as small a phase difference as 3° or less, and as small a ratio error as 2% or less as an absolute value.

Example 2

[0051] Alloy melts having the compositions shown in Table 2 were rapidly quenched by a single roll method in an Ar
atmosphere, to obtain thin amorphous alloy ribbons of 5 mm in width and 21 wm in thickness. Each thin amorphous
alloy ribbon was wound to a current transformer core having an outer diameter of 30 mm and an inner diameter of 21
mm. Each magnetic core was heat-treated in the same manner as in Example 1, and then subjected to magnetic
measurement. In the heat-treated alloy structure, ultrafine crystal grains having a particle size of 50 nm or less were
generated. No.33 represents a magnetic core made of an Fe-based, nano-crystalline alloy (Comparative Example),
No.34 represents a magnetic core made of a Co-based, amorphous alloy (Comparative Example), and No.35 represents
a magnetic core made of Parmalloy (Comparative Example).

[0052] With respect to a current transformer produced by using each magnetic core, phase difference and ratio error
of rated current (expressed by absolute value), a magnetic flux density Bggq, @ squareness ratio B /Bgqqq, an alternating-
current specific initial permeability p,, and an anisotropic-magnetic field Hx were measured at 23°C in the same manner
as in Example 1. Further, how well half-wave, sinusoidal, alternating current having a wave height of 30A could be
measured was evaluated by the following standards. The results are shown in Table 2.

Good:  Measured accurately.
Poor: Could not be measured accurately.
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Table 2
No. Composition (by atomic %) Bsooo (T) B@s)ooo He
1 FedeOmC\l}Nb‘_;Sing 1.51 1 2200
2 Feb31C015_3cule3Si10B9 1.47 1 3400
3 FebalNi,mCu]sz,sSing 1.28 1 1700
4 FebZﬂColoNi10Cu0,3Nb2'5Si9B9 1.38 2 1900
5 FebﬂC020cu1Nb3Si]3B9Mn0.5 1.26 1 2700
6 Feba1C025Cuo,9Nb2,5Si15,5B7Cro.5 1.23 1 2400
7 Feba]C025cu1Nb2_ssi16.5B7Sn0.1 1.24 1 2300
8 Feb31C025Cu1Nb3Si15B6_5Zno.1 1.27 1 2300
9 |F eb31C025C110_6Nb2_5Si3B 1011’10‘1 1.59 1 2400
10 Feb31C035C111Nb3Si9B9Ag0_1 1.52 1 1800
11 Feb31C025CUQ.5Nb3SingAl.loj 1.50 1 2200
12 FebaIC025CU1Nb3Si9B9SCO.1 1.51 1 2400
13 FebaICOZ5CU1Nb3Si9B9PtO.1 1.52 1 2300
14 Feba1C030Cu1Nb3 SingPd(),] 1.52 1 2200
15 Fede030CU1Nb23i7B12RUO.I 1.54 1 2100
16 Feba1C030C111Nb3 SingMgo_m 1.53 1 2200
17 Feba|C030Cu1Nb2.6Si9B9CaO_01 1.53 1 2100
18 Feba|CO30CU1Nb2.7SingSI‘()_o] 1.52 1 2100
19 Feb31CO30CU1Nb3Si9B9C0.Ol 1.51 2 2100
20 Feba]CO30CU]Nb3Si9B9G€0'5 1.50 1 2100
21 Feb31Co30Cu1Nb3 SiloBgGaoj 1.52 1 2200
22 Feb31C030Cu1Nb3Si10B9A12 1.49 2 1800
23 FebalC030Cu1Nb7Si2B9P1 1.71 1 1100
24 Feb31Co3OCu1Nb7SilB9Ba0_5 1.72 1 1200
25 Feba1C03oCuIZr7Si1B98mo,01 1.70 2 1100
26 Feba]CO30CUO.5Hf7Si9B9Nd0.0l 1.71 2 1100
27 Feba|C030CU] ,5Ta3Si9B9Be0.1 1.50 1 2200
28 Feba|CO30CU1MO3Si10B9 1.48 3 2100
29 Feb31Co30Cu1Nb3VISi9B9 1.47 2 2000
30 Feb31CO3OCU1W3 Si]()Bg 1.46 3 1900
31 Feba,Co30CuIZr7B8 1.76 2 1000
32 Feba1C03oCuIZr7Si3B4 1.75 3 1100
33* FebalCu,Nb3Si15,7B7 1.2 2.6 82000
34* | Amorphous CopgFe; sMnySisB;5 1.0 1 1500
35* | Permalloy 0.75 12 36000

Note: * Comparative Example.
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Table 2 (Continued)

No. (AI—IIII;") RE; glsor Phase é)l(oﬁ)‘erence Measurement
1 590 2.1 2.5 Good
2 326 0.1 1.2 Good
3 445 1.8 3.2 Good
4 628 09 1.4 Good
5 429 0.8 1.3 Good
6 400 1.8 1.7 Good
7 410 1.8 2.4 Good
8 420 1.7 2.5 Good
9 517 0.8 2.3 Good
10 612 1.8 3.0 Good
11 500 0.9 2.4 Good
12 505 0.8 2.2 Good
13 505 0.9 2.4 Good
14 495 0.9 2.4 Good
15 500 1.0 2.5 Good
16 500 0.9 2.4 Good
17 510 1.0 2.5 Good
18 500 1.1 2.5 Good
19 498 1.0 2.5 Good

20 494 1.0 2.5 Good

21 - 506 0.9 2.3 Good

22 486 1.3 2.7 Good

23 1150 3.0 3.6 Good

24 1100 2.9 3.4 Good

25 1160 3.0 3.6 Good

26 1180 2.9 3.4 Good

27 610 0.9 2.4 Good

28 520 1.0 2.4 Good

29 550 1.2 2.8 Good

30 500 1.2 2.6 Good

31 1200 3.0 3.7 Good

32 1130 2.9 3.5 Good

33* 12.8 0.08 0.4 Poor

34* 490 3.5 4.5 Good

35% 17.8 0.20 0.21 Poor

Note: * Comparative Example.
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[0053] Thedatain Table 2 indicate that the current transformer core of the present invention has small absolute values
of a phase difference and a ratio error, and can be used particularly for an unsymmetrical-waveform current such as
half-wave, sinusoidal, alternating current. On the other hand, the magnetic cores made of a conventional Fe-based,
nano-crystalline alloy (No.33) and Parmalloy (No.35) were difficult to conduct the accurate measurement of half-wave,
sinusoidal, alternating current. Also, the magnetic core made of the conventional Co-based, amorphous alloy (No.34)
had larger absolute values of a phase difference and a ratio error than those of the current transformer core of the
present invention. It was confirmed that the core of the present invention was able to be used for current transformers
in wide ranges of applications such as integrating power meters, industrial equipments, etc.

Example 3

[0054] An alloy melt of Fegz gCo,5Cuq 7Nb, ¢SigBg (by atomic %) was rapidly quenched by a single roll method to
obtain a thin amorphous alloy ribbon of 5 mm in width and 21 pm in thickness. This thin amorphous alloy ribbon was
wound to a toroidal core having an outer diameter of 30 mm and an inner diameter of 21 mm. The magnetic core was
placed in a heat treatment furnace having a nitrogen gas atmosphere, and heat-treated in the same manner as in
Example 1, except that the heat treatment pattern comprised temperature elevation at 5°C/minute, keeping at 530°C
for 2 hours, and cooling at 1 °C/minute. Observation by an electron microscope revealed that the heat-treated alloy had
a structure, about 72% of which was occupied by crystal grains having a particle size of about 10 nm and a body-cubic
crystal structure, the balance being mainly an amorphous phase. An X-ray diffraction pattern indicated crystal peaks
corresponding to the body-cubic crystal phase.

[0055] Measurement revealed that this Fegz gCo,5Cug 7Nb, ¢SigBg (by atomic %) alloy had a magnetic flux density
Bgooo at 8000 Am-1 of 1.50 T, a squareness ratio B/Bgggq of 1%, coercivity H, of 2.1 Am-1, an alternating-current specific
initial permeability ., of 2200 at 50 Hz and 0.05 Am-1, and an anisotropic magnetic field Hy of 406 Am-1.

[0056] Fig. 6 shows the direct-current B-H loops of the current transformer core of the present invention and the
conventional Co-based amorphous core [No.34 (Comparative Example) produced in Example 2], and Fig. 7 shows the
magnetic field dependency of the alternating-current specific initial permeability ., at 50 Hz of the current transformer
core of the present invention. The current transformer core of the present invention exhibited higher alternating-current
specific initial permeability u, than that of the Co-based, amorphous alloy core having the same level of Hy, and a
substantially constant alternating-current specific initial permeability ., in a magnetic field range equal to or less than
Hg. The current transformer of the present invention using this magnetic core can be used with excellent characteristics
even in direct current superposition like half-wave, sinusoidal, alternating current.

[0057] Each magnetic core was provided with a one-turn primary winding, a 2500-turn secondary detection winding,
and a load resistor of 100 Q parallel-connected to the secondary detection winding, to produce a current transformer.
When sinusoidal alternating current of 50 Hz and 30A was supplied to the primary winding, the absolute values of a
phase difference and a ratio error at 23 °C were 2.0% and 2.4° in the current transformer of the present invention, and
3.6% and 4.6° in the current transformer of the Co-based, amorphous alloy.

[0058] The power meter produced by using the current transformer of the present invention was able to conduct power
measurement not only to positive-negative-symmetrical, sinusoidal, alternating current, but also to half-wave, sinusoidal,
alternating current.

EFFECT OF THE INVENTION

[0059] The current transformer core of the present invention having a low residual magnetic flux density, small hys-
teresis, and good magnetization curve linearity, which is not easily saturable and generates a relatively large anisotropic
magneticfield Hy, provides small, inexpensive, thermally stable current transformers and power meters with wide current
measurement ranges. Particularly, it can accurately measure even unsymmetrical-waveform current such as half-wave,
sinusoidal, alternating current, and direct-current-superimposed alternating current.

Claims

1. Acurrenttransformer core made of an alloy having a compositionrep-resented by the generalformula Feg.y-ay-cMyx-
CuaM’yX’c (by atomic %), wherein
M is Co and/or Ni,
M’ is at least one element selected from the group consisting of V, Zr, Nb, Mo, Hf, Ta and W,
X’ is Si and/or B,
X, a, y and ¢ are numbers satisfying 15<x<40,0.1<a<3,1<y<10,2<¢<30,and 7 <y + c < 31, respectively,
30% or more of the alloy structure is composed of crystal grains having an average particle size of 50 nm or less,
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characterised in that

said alloy has a magnetic flux density Bgggg of 1.2 T or more at 8000 Am™'. an anisotropic magnetic field Hy of
150-1500 Am-1, a squareness ratio B,/Bgnqq of 5% or less, and an alternating-current specific initial permeability .,
of 800-7000 at 50 Hz and 0.05 Am-1, and

the current transformer core is adapted to detect half-wave, sinusoidal, alternating current.

2. The current transformer core according to claim 1, wherein the M content x meets 22 < x < 35.

3. The current transformer core according to claim 1 or 2, wherein the B content is 4-12 atomic %.

4. The current transformer core according to any one of claims 1-3, wherein the Si content is 0.5-17 atomic %.

5. The current transformer core according to any one of claims 1-4, wherein part of said M’ is substituted by at least
one element selected from the group consisting of Cr, Mn, Sn, Zn, In, Ag, Au, Sc, platinum-group elements, Mg,
Ca, Sr, Ba, Y, rare earth elements, N, O and S.

6. The current transformer core according to any one of claims 1-5, wherein part of said X’ is substituted by at least
one element selected from the group consisting of C, Ge, Ga, Al, Be and P.

7. The current transformer core according to any one of claims 1-6, wherein it is subjected to a heat treatment in a
magnetic field, which comprises keeping it at a temperature of 450-700°C for 24 hours or less while applying a
magnetic field of 40 kAm-1 or more in the core height direction, and then cooling it to room temperature.

8. A current transformer comprising
the core recited in any one of claims 1-7,

a primary winding,
at least one secondary detection winding, and
a load resistor parallel-connected to said secondary detection winding.

9. The current transformer according to claim 8, wherein said primary winding has 1 turn.

10. The current transformer according to claim 8 or 9, having a phase difference within 5° in a rated current range, and
a ratio error within 3% (absolute value) at 23°C.

11. A power meter comprising the current transformer recited in any one of claims 8-10 and being adapted for multiplying
the current value obtained by the current transformer and voltage at that time to calculate power used.

Patentanspriiche

1. Stromtransformatorkern, der aus einer Legierung hergestelltist, die eine durch die allgemeine Formel Fe g 4.y cMy-
CuaM‘yX’c (mit Atom-%) dargestellte Zusammensetzung hat, wobei
M Co und/oder Ni ist,
M’ wenigstens ein Element ausgewahlt aus der Gruppe bestehend aus V, Zr, Nb, Mo, Hf, Ta und W ist,
X’ Siund/oder B ist,
X, @, y und ¢ Zahlen sind, die 15<x<40,0,1<a<3,1<y<10,2<¢c<30,bzw. 7 <y + c < 31 erfillen,
mindestens 30% der Legierungsstruktur zusammengesetzt ist aus Kristallkérnern mit einer durchschnittlichen Teil-
chengréRe von hochstens 50 nm,
dadurch gekennzeichnet, dass
die Legierung eine magnetische Flussdichte Bgggo von mindestens 1,2 T bei 8000 Am1, ein anisotropes Magnetfeld
Hy von 150-1500 Am1, ein Rechteckigkeitsverhaltnis B /Bgggo von héchstens 5% und eine wechselstromspezifische
Anfangspermeabilitat u, von 800-7000 bei 50 Hz und 0,05 Am-1 aufweist, und
der Stromtransformatorkern dazu ausgelegt ist, einen halbwelligen, sinusformigen Wechselstrom zu erfassen.

2. Stromtransformatorkern nach Anspruch 1, wobei der M-Anteil x 22 < x < 35 erfillt.

3. Stromtransformatorkern nach Anspruch 1 oder 2, wobei der B-Anteil 4-12 Atom-% betragt.
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Stromtransformatorkern nach einem der Anspriiche 1-3, wobei der Si-Anteil 0,5-17 Atom-% betragt.

Stromtransformatorkern nach einem der Anspriiche 1-4, wobei ein Teil des M’ ersetzt ist durch wenigstens ein
Element ausgewahlt aus der Gruppe bestehend aus Cr, Mn, Sn, Zn, In, Ag, Au, Sc, Platingruppenelementen, Mg,
Ca, Sr, Ba, Y, Seltenerdelementen, N, O und S.

Stromtransformatorkern nach einem der Anspriiche 1-5, wobei ein Teil des X ersetzt ist durch wenigstens ein
Element ausgewahlt aus der Gruppe bestehend aus C, Ge, Ga, Al, Be und P.

Stromtransformatorkern nach einem der Anspriiche 1-6, wobei dieser einer Warmebehandlung in einem Magnetfeld
unterzogen wird, bei der er fir hdchstens 24 Stunden auf einer Temperatur von 450-700°C gehalten wird, wahrend
ein Magnetfeld von mindestens 40 kAm-1 in der Kernhéhenrichtung angelegt wird, und dieser dann auf Raumtem-
peratur gekihlt wird.

Stromtransformator mit

dem Kern gemaR einem der Anspriiche 1-7,

einer Primarwicklung,

wenigstens einer Sekundar-Erfassungswicklung, und

einem parallel zu der Sekundar-Erfassungswicklung angeschlossenen Lastwiderstand.

Stromtransformator nach Anspruch 8, wobei die Primarwicklung eine Windung aufweist.

Stromtransformator nach Anspruch 8 oder 9 mit einer Phasendifferenz innerhalb 5° in einem Nennstrombereich
und einem Fehlerverhaltnis innerhalb 3% (Absolutwert) bei 23°C.

Leistungsmessgerat mit dem Stromtransformator gemaf einem der Anspriiche 8-10, das dazu ausgelegt ist, den
durch den Stromtransformator erhaltenen Stromwert mit der gegenwartigen Spannung zu multiplizieren, um die
verbrauchte Leistung zu berechnen.

Revendications

Noyau de transformateur de courant en un alliage ayant une composition représentée par la formule générale
Fe100-x-ay-cMxCUsMy X' (€n % atomique), dans lequel

M est Co et/ou Ni,

M’ est au moins un élément choisi dans le groupe consistant en V, Zr, Nb, Mo, Hf, Ta et W,

X est Si et/ou B,

X, a,y et csontdes nombres satisfaisant 15<x<40,0,1<a<3,1<y<10,2<c<30et7<y+c<31, respectivement,
30 % ou plus de la structure d’alliage sont composés de grains de cristal ayant une taille moyenne de particule de
50 nm ou moins,

caractérisé en ce que

ledit alliage a une densité de flux magnétique Bggog de 1,2 T ou plus & 8 000 Am-1, un champ magnétique anisotrope
Hy de 150 a 1 500 Am~1, un taux de rectangularité B, /Bgggo de 5 % ou moins, et une perméabilité initiale spécifique
en courant alternatif ., de 800 & 7 000 & 50 Hz et 0,05 Am-1, et

le noyau de transformateur de courant est adapté pour détecter du courant demi-onde, sinusoidal ou alternatif.

Noyau de transformateur de courant selon la revendication 1, dans lequel la teneur x en M atteint 22 < x < 35.
Noyau de transformateur de courant selon larevendication 1 ou 2, dans lequellateneuren B estde 4 2 12 % atomique.

Noyau de transformateur de courant selon 'une quelconque des revendications 1 a 3, dans lequel la teneur en Si
estde 0,5 a 17 % atomique.

Noyau de transformateur de courant selon 'une quelconque des revendications 1 a 4, dans lequel une partie dudit
M’ est substituée par au moins un élément choisi dans le groupe consistant en Cr, Mn, Sn, Zn, In, Ag, Au, Sc, les

éléments du groupe platine, Mg, Ca, Sr, Ba, Y, des éléments de terres rares, N, O et S.

Noyau de transformateur de courant selon 'une quelconque des revendications 1 a 5, dans lequel une partie dudit

13



10

15

20

25

30

35

40

45

50

55

10.

11.

EP 1 840 906 B1
X’ est substituée par au moins un élément choisi dans le groupe consistant en C, Ge, Ga, Al, Be et P.

Noyau de transformateur de courant selon 'une quelconque des revendications 1 a 6, dans lequel il est soumis a
un traitement thermique dans un champ magnétique, qui comprend son maintien a une température de 450 a 700
°C pendant 24 heures ou moins tout en appliquant un champ magnétique de 40 kAm-! ou plus dans la direction de
la hauteur du noyau, puis son refroidissement a température ambiante.

Transformateur de courant comprenant

le noyau mentionné dans l'une quelconque des revendications 1a 7,

un enroulement primaire,

au moins un enroulement de détection secondaire, et

une résistance de charge connectée en paralléle audit enroulement de détection secondaire.

Transformateur de courant selon la revendication 8, dans lequel ledit enroulement primaire a 1 tour.

Transformateur de courant selon la revendication 8 ou 9, ayant une différence de phase d’au plus 5° dans une plage
de courant nominal, et une erreur de rapport d’au plus 3 % (valeur absolue) a 23 °C.

Wattmeétre comprenant le transformateur de courant mentionné dans 'une quelconque des revendications 8 a 10

et étant adapté pour multiplier la valeur de courant obtenue par le transformateur de courant et une tension a ce
moment afin de calculer la puissance utilisée.

14
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Fig. 3
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Fig. 5
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Fig. 7
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MAGNESES MAG ARAMTRANSZFORMATORHOZ, ARAMTRANSZFORMATOR B8 WATTORAMERS
Stadndadnd ipeayponiek

1. Aramteasszformitor-mag, amely ax Feppaan MO M X0 lallone képhttel jellemontt {stondeban
roegadott Sssantétellty Btvdaetbdl van, ahod

M relentéon Oo divagy M,

MY eV, Te, Nb, Mo, HE Ta és W alkotta oseportbd] valasziott lepaldbboegy slomet ol

<

X jelontése Bi Syvagy B, tovabhs

shol v, 3 v&sorondre 2 159K ¥40, 01 Sa 23 1 Sy <19, 2 o3& ? 2y + ¢ 201, Seemefipnsseket
- o 2

Liclegtd sxdmpk, wedbbi

N

g Rybeet szorkezettnek legalibb 30%-41 foglolichb 30 nov dthgos szemosendretd keivtdlyszemossk képesik,
azzsd jellemerve, hogy

ax Stvdser $000 Amadl tekintert Bagm ivaghcsds Hokussiietsdpe legaldbh 1,2 ¥, Hy amizotrop mdgneses
wrerdasdie 1301500 A, ByBge odgvestessigl hinyadida {aquareness ratin™) 3 cpleliebb 3%, tovdbbi 30
Hzenst o5 6,05 Aa'}‘*vnéi fekintett, valakerd dearnrs vonsikozd Kiinduladl g selatty pormeabititésa 300-7000,
valaming

a2 dramtransziormédtor-org Sihuiiima seisusros valiskosd dram éradkeléadre alkalmasan van kikdpezen,

32

Az 1. igenypent szevintl Sramirsaszformdtoromag, abol az x eldlle Muaralom Kielégii & 22 < x £ 33

& (“\ AR fu?%i\i

i.d

Az L ovagy 8 2. igénypont szerintl dramtranszformdtor-mag, ahaol a B-tartalom 4412 stom®.
£ Ax B sglaypoantok bacmelyike sesrint dramtranseformdtoramag, thol a Si-tamslom 8517 atomd

3. Ax b igényponiok birmelyike szevin dramtrosziondtormag, ahol M egy része a O, Mo Sx, Za, I,
Ag Aw, Se, platdnacsoport eleiesl Mg, L8, S Ba, Y, aikeldBowrk, N, O & 8 wdkotin csaporbdt vilasstog

{epalably egy clonmse] v helvettesiive,

& Az 143, igénypontok baomelyike szerintl ramtranszformdtormag, chol X7 egy része a2 C, Ue, Ga, AL Re &P

alkotta croportbol vilaszot legaldbb epy elenunel van helyettesitve.

3, .

7o Az L6 gfnypontoll bdomelytke szerintt dramtansziorsidtornmag, amely odguessy tirhen vigze

hikezeldsen ssik 8t ronbyoek kemmdhen legfeliebd 24 drén & legaishb 40 kAm’ sérevdsséad & 2 nug

srgassdginak rlnvéval megegyezd rdnvg mxigneses e sfadmazdss melleir 430700°C himdnadkivien sk,

mafd szobahdmeérsdkletra hilttik,

8. Avamtranseformdtor, amely tartalinazea

az 17, igdayponiok barmeivike szerinil magol, ovibhs arahnaz

primer ekeroselést,
Jogalabb epy szehunder nidréiskeroselést, &y

terhald ellordlian 2 saskunder medridtekercselisse! pachuzamonan Kapesolva,



~2-

2AR igbrypont seanindt Sramivenssformitor, abot a primer iokoreselsnek 1 menets van,

1, A 8. vapy a ® igduypont seeninti dramtraonzformdtorn, amelynck ndviepes dramtartvmdnvbhan telinint
0y ) k }" J

fheistolisa legfoliebb 3°, 1ovibba 23°Cron tekintott Attétsli hibdia (abszolit Srdkben) legfeljebd 3%,

H, Tellesitménymérd, amely a 8-10, igénypontok barmelyike seerinti drartramszformaton tariahmazes, tovakbi
a felvett teljesitmény kiszémitdsdhoz az dramtranveformbtoral kapott drndnsk ée az azeal gyt fonndlld

fesaliltedy Sxseenzoraasing alkolmanan van kiképesve,
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