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(54) ANTI-DIRECT-CURRENT NANOCRYSTALLINE DOUBLE-MAGNETIC-CORE CURRENT 
TRANSFORMER MAGNETIC CORE AND MANUFACTURING METHOD THEREFOR

(57) Disclosed in the present disclosure are an an-
ti-direct-current nanocrystalline double-magnetic-core
current transformer magnetic core and a manufacturing
method therefor. The anti-direct-current nanocrystalline
double-magnetic-core current transformer magnetic
core comprises a first nanocrystalline magnetic core, a
second nanocrystalline magnetic core, and an annular
packaging shell; and the first nanocrystalline magnetic
core is sleeved at the outer side of the second nanocrys-
talline magnetic core, and the first nanocrystalline mag-
netic core and the second nanocrystalline magnetic core
are coaxially arranged. The manufacturing method for
the anti-direct-current nanocrystalline double-magnet-
ic-core current transformer magnetic core comprises the
following step: sequentially mounting the first nanocrys-
talline magnetic core and the second nanocrystalline
magnetic core into the packaging shell to obtain the an-
ti-direct-current nanocrystalline double-magnetic-core
current transformer magnetic core. According to the an-
ti-direct-current nanocrystalline double-magnetic-core
current transformer magnetic core provided by the
present application, two nanocrystalline magnetic cores
are comprised in the anti-direct-current nanocrystalline
double-magnetic-core current transformer magnetic
core, and the magnetic cores are excellent in stability,

good in linearity, high in sensitivity, and large in the ad-
justment range of magnetic conductivity. In addition, the
manufacturing method provided by the present applica-
tion is simple and low in processing cost.



EP 4 394 816 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] Embodiments of the present application relates to the technical field of precision transformer magnetic cores,
for example, an anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core and a prep-
aration method thereof.

BACKGROUND

[0002] With the development of technology, a large number of frequency conversions, switching power supplies, and
rectifying installations have been applied in related industrial and civil circuit systems. The widespread use of these
installations leads to the presence of certain direct-current components in the circuit. The current transformers are easily
saturated by magnetization when there is a large direct-current component, which bring great challenges to the accuracy
of current detection. With the development of smart grids, the demand for magnetic cores with anti-direct-current com-
ponents is rapidly increasing.
[0003] In order to achieve the purpose of anti-direct-current components, amorphous alloy magnetic materials are
usually used to manufacture the magnetic cores of the transformers, but amorphous alloy magnetic core transformers
have problems of low initial magnetic permeability, poor magnetic core stability, and average anti-direct-current char-
acteristics.
[0004] Nanocrystalline materials have the following excellent comprehensive magnetic properties: high saturation
magnetic flux density, high initial magnetic permeability, low Hc, low high-frequency loss under high magnetic flux density,
and the resistivity is 80 mΩ·cm, which is higher than the Permalloy (50-60 mΩ·cm). After treated by a longitudinal or
transverse magnetic field, nanocrystalline materials can obtain a high Br or low Br value, which are the best comprehensive
performance materials in the market at present, and are widely used in power supplies, transformers, wireless charging
and other fields.
[0005] Relevant researchers use nanocrystalline materials to prepare anti-direct-current component transformers, and
CN 103928227A discloses a method for preparing a single-core anti-direct-current component transformer iron core,
which sequentially comprises the following steps: a nanocrystalline soft magnetic alloy strip material with a thickness of
18-28 mm is subjected to tension pre-crystallization annealing treatment with a tension of 10-60 MPa, a tension-applied
annealing temperature of 520-670°C, and an operating speed of the tension-applied strip material of 0.01-0.2 m/s; the
nanocrystalline soft magnetic alloy strip material treated by tension pre-crystallization annealing treatment is winded to
the transformer iron core, and the wound iron core is subjected to annealing treatment again with a annealing temperature
of 400-550°C and a annealing time of 30-120 min. The method uses a simple substance low magnetic permeability iron-
based nanocrystalline magnetic core to prepare an anti-direct-current component transformer. The magnetic permeability
of the magnetic core made by this method is low, and the angle difference of the transformer made by this magnetic
core is large, the sensitivity is average, and the cost is high.
[0006] CN 1107240491A discloses a nanocrystalline alloy double-core current transformer, wherein the nanocrystalline
alloy double-core current transformer comprises a ring-shaped structure nanocrystalline magnetic core and an amor-
phous alloy magnetic core. The nanocrystalline magnetic core is sheathed and installed on the outer side of the amorphous
alloy magnetic core, and the nanocrystalline magnetic core and the amorphous alloy magnetic core are coaxially arranged.
The amorphous alloy magnetic core is made by winding an amorphous alloy magnetic strip material, and the amorphous
alloy magnetic strip material contains the following mass percentages of elements: 8%-12% of silicon, 5%-8% of boron,
1.0%-1.8% of manganese, 0.5%-1.3% of cobalt, 1.2%-2.2% of vanadium, 2.5%-4.0% of carbon, and a remainder is iron.
The nanocrystalline alloy double-core current transformer described in this patent contains two magnetic cores, but only
one is a nanocrystalline alloy magnetic core, and the core of its low conduction part is an amorphous alloy magnetic
core. The magnetic cores prepared by this process have poor core stability, average anti-direct-current characteristics
and average linearity of magnetic permeability.
[0007] Based on the poor stability of the low magnetic permeability magnetic cores in the related composite magnetic
cores and the problem of a large angular difference of the produced transformer and the high cost of the magnetic cores
caused by the low magnetic permeability of a single-core low magnetic permeability iron-based nanocrystalline magnetic
core, it is necessary to provide a composite magnetic core that can retain the high magnetic permeability characteristics
of the high magnetic permeability magnetic core and ensure the good stability of the low magnetic permeability magnetic
core, and has a relatively low cost of the magnetic core production.

SUMMARY

[0008] The following is a summary of the topics described in detail herein. This summary is not intended to limit the
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scope of protection of the claims.
[0009] An embodiment of the present application provides an anti-direct-current nanocrystalline double-magnetic-core
current transformer magnetic core and a preparation method thereof. The anti-direct-current nanocrystalline double-
magnetic-core current transformer magnetic core includes a high magnetic permeability nanocrystalline magnetic core
and a low magnetic permeability nanocrystalline magnetic core, which not only retains the high conductivity of the high
magnetic permeability magnetic core, but also ensures the good stability of the low magnetic permeability magnetic
core; and because of combined use with a high magnetic permeability magnetic core, the magnetic permeability of the
low magnetic permeability magnetic core can be adjusted in a wide range to meet broader application requirements.
[0010] In a first aspect, an embodiment of the present application provides an anti-direct-current nanocrystalline double-
magnetic-core current transformer magnetic core, which comprises a first nanocrystalline magnetic core, a second
nanocrystalline magnetic core, and a ring-shaped packaging shell.
[0011] Preferably, the first nanocrystalline magnetic core is sheathed and installed on the outer side of the second
nanocrystalline magnetic core, and the first nanocrystalline magnetic core and the second nanocrystalline magnetic core
are coaxially arranged.
[0012] Preferably, a magnetic permeability of the first nanocrystalline magnetic core is 80000-200000 H/m, such as
80000 H/m, 90000 H/m, 100000 H/m, 120000 H/m, 140000 H/m, 160000 H/m, 170000 H/m, 180000 H/m, 190000 H/m
or 200000 H/m; however, the magnetic permeability is not limited to the listed values, and other unlisted values in the
numerical range are also applicable.
[0013] Preferably, a magnetic permeability of the second nanocrystalline magnetic core is 500-4000 H/m, such as
500 H/m, 1000 H/m, 1500 H/m, 2000 H/m, 2500 H/m, 3000 H/m, 3500 H/m or 4000 H/m, however, the magnetic
permeability is not limited to the listed values, and other unlisted values in the numerical range are also applicable
[0014] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core disclosed by
the present application includes a first nanocrystalline magnetic core with higher magnetic permeability and a second
nanocrystalline magnetic core with lower magnetic permeability, so that the anti-direct-current nanocrystalline double-
magnetic-core current transformer magnetic core can not only keep the high conductivity of the high magnetic permeability
magnetic core, but also ensure the good stability of the low magnetic permeability magnetic core, and the manufacturing
cost of the magnetic core is relatively low. In addition, because of combined use with the high permeability magnetic
core, the magnetic permeability of the low magnetic permeability magnetic core can be adjusted in a wide range to meet
broader application requirements.
[0015] In a second aspect, the embodiment of the application provides a method for preparing an anti-direct-current
nanocrystalline double-magnetic-core current transformer magnetic core according to the first aspect, which includes
the following steps:
sequentially installing the first nanocrystalline magnetic core and the second nanocrystalline magnetic core into an
interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core.
[0016] Preferably, the interior of the packaging shell is filled with a filler.
[0017] Preferably, the filler includes sponge and/or silica gel.
[0018] The filler in the present application is used to fix the magnetic core inside the packaging shell, so that the
magnetic core inside the package shell is not easy to shake, thereby improving the stability of the transformer.
[0019] Preferably, a preparation method of the first nanocrystalline magnetic core includes the following steps:

(1) winding an iron-based nanocrystalline alloy strip material into a first magnetic ring; and

(2) performing an annealing treatment on the first magnetic ring obtained in step (1) to obtain the first nanocrystalline
magnetic core.

[0020] Preferably, a thickness of the iron-based nanocrystalline alloy strip material in step (1) is 20-30 mm, such as
20 mm, 21mm, 22 mm, 23 mm, 24 mm, 25 mm, 26 mm, 27 mm, 28 mm, 29 mm or 30 mm; however, the thickness is not
limited to the listed values, and other unlisted values in the numerical range are also applicable.
[0021] Preferably, an environment of the annealing treatment in step (2) is a vacuum environment and/or a reducing
atmosphere environment.
[0022] Preferably, the reducing atmosphere includes an argon atmosphere and/or a nitrogen atmosphere.
[0023] Preferably, the annealing treatment in step (2) includes a first heating, a first heat preservation, a second
heating, a second heat preservation and cooling in sequence.
[0024] A terminal temperature of the first heating is 470-490°C,such as 470°C, 475°C, 480°C, 485°C or 490°C; however,
the terminal temperature is not limited to the listed values, and other unlisted values in the numerical range are also
applicable.
[0025] Preferably, a heating rate of the first heating is 1-5°C/min, such as 1°C/min, 2°C/min, 3°C/min, 4°C/min or
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5°C/min; however, the heating rate is not limited to the listed values, and other unlisted values in the numerical range
are also applicable.
[0026] A time of the first heat preservation is 60-90 min, such as 60 min, 65 min, 70 min, 75 min, 80 min, 85 min or
90 min; however, the time is not limited to the listed values, and other unlisted values in the numerical range are also
applicable.
[0027] Preferably, a terminal temperature of the second heating is 540-570°C, which can be 540°C, 545°C, 550°C,
555°C, 560°C, 565°C or 570°C; however, the terminal temperature is not limited to the listed values, and other unlisted
values in the numerical range are also applicable.
[0028] Preferably, a heating rate of the second heating is 0.5-3.5°C/min, such as 0.5°C/min, 1°C/min, 1.5°C/min,
2°C/min, 2.5°C/min, 3°C/min or 3.5°C/min; however, the heating rate is not limited to the listed values, and other unlisted
values in the numerical range are also applicable.
[0029] Preferably, a time of the second heat preservation is 60-120 min, such as 60 min, 70 min, 80 min, 90 min, 100
min, 110 min or 120 min; however, the time is not limited to the listed values, and other unlisted values in the numerical
range are also applicable.
[0030] Preferably, a terminal temperature of the cooling is less than or equal to 200°C, such as 200°C, 190°C, 180°C,
170°C, 160°C or 150°C; however, the terminal temperature is not limited to the listed values, and other unlisted values
in the numerical range are also applicable.
[0031] Preferably, a preparation method of the second nanocrystalline magnetic core includes the following steps:

(a) after subjecting an iron-based nanocrystalline alloy strip material to tension pre-crystallization annealing treat-
ment, winding to obtain a second magnetic ring; and

(b) sequentially impregnating and curing the second magnetic ring obtained in step (a) to obtain the second nanoc-
rystalline magnetic core.

[0032] Preferably, a thickness of the iron-based nanocrystalline alloy strip material in step (a) is 16-22 mm, such as
16 mm, 16.5 mm, 17 mm, 17.5 mm, 18 mm, 18.5 mm, 19 mm, 19.5 mm, 20 mm, 21 mm or 22 mm; however, the thickness
is not limited to the listed values, and other unlisted values in the numerical range are also applicable.
[0033] Preferably, an annealing temperature of the tension crystallization annealing treatment in step (a) is 500-570°C,
such as 500°C, 510°C, 520°C, 530°C, 540°C, 550°C, 560°C or 570°C; however, the annealing temperature is not limited
to the listed values, and other unlisted values in the numerical range are also applicable.
[0034] Preferably, an applied tension of the tension crystallization annealing treatment in step (a) is 20-100 MPa, such
as 20 MPa, 30 MPa, 40 MPa, 50 MPa, 60 MPa, 70 MPa, 80 MPa, 90 MPa, or 100 MPa; however, the applied tension
is not limited to the listed values, and other unlisted values in the numerical range are also applicable.
[0035] Preferably, an operating speed of the tension-applied strip material of the tension crystallization annealing
treatment in step (a) is 1-10 m/min, such as 1 m/min, 2 m/min, 3 m/min, 4 m/min, 5 m/min, 6 m/min, 7 m/min, 9 m/min
or 10 m/min; however, the operating speed is not limited to the listed values, and other unlisted values in the numerical
range are also applicable.
[0036] Preferably, an impregnating liquid for the impregnating in step (b) is a mixed liquid of epoxy resin adhesive and
diluent.
[0037] Preferably, a total mass fraction of epoxy resin adhesive and diluent in the impregnating solution is 100wt%,
and a mass fraction of the epoxy resin adhesive is 25-30wt%,such as 25wt%, 26wt%, 27wt%, 28wt%, 29wt% or 30wt%;
however, the mass fraction is not limited to the listed values, and other unlisted values in the numerical range are also
applicable. A remainder is diluent.
[0038] Preferably, a time of the impregnating in step (b) is 5-10 min, such as 5 min, 6 min, 7 min, 8 min, 9 min or 10
min; however, the impregnating time is not limited to the listed values, and other unlisted values in the numerical range
are also applicable.
[0039] Preferably, a temperature of the curing in step (b) is 110-150°C, such as 110°C, 115°C, 120°C, 125°C, 130°C,
135°C, 140°C, 145°C or 150°C; however, the curing temperature is not limited to the listed values, and other unlisted
values in the numerical range are also applicable.
[0040] Preferably, a time of the curing in step (b) is 120-180 min, such as 120 min, 125 min, 130 min, 135 min, 140
min, 145 min, 150 min, 155 min, 160 min, 165 min, 170 min, 175 min or 180min; however, the curing time is not limited
to the listed values, and other unlisted values in the numerical range are also applicable.
[0041] As a preferred technical solution of the present application, the preparation method of the anti-direct-current
nanocrystalline double-magnetic-core current transformer magnetic core in the second aspect of the present application
includes the following steps:

sequentially installing a first nanocrystalline magnetic core and a second nanocrystalline magnetic core into a pack-
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aging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core;

the first nanocrystalline magnetic core is obtained by the following preparation method, which comprises the following
steps:

(1) winding an iron-based nanocrystalline alloy strip material with a thickness of 20-30 mm into a first magnetic
ring; and

(2) performing an annealing treatment on the first magnetic ring obtained in step (1) in a vacuum environment
and/or a reducing atmosphere environment to obtain the first nanocrystalline magnetic core; the annealing
treatment is as follows: firstly, heating to 470-490°C at a heating rate of 1-5°C/min, keeping the temperature
for 60-90 min, then heating to 540-570°C at a heating rate of 0.5-3.5°C /min, keeping the temperature for 60-120
min, and finally cooling to less than or equal to 200°C;

the second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:

(a) subjecting an iron-based nanocrystalline alloy strip material with a thickness of 16-22 mm to a tension pre-
crystallization annealing treatment at 550°C-570°C and an operating speed of the tension-applied strip material
of 1-10 m/min, and then winding the material to obtain a second magnetic ring; an applied tension of the tension
crystallization annealing treatment is 20-100 MPa; and

(b) sequentially impregnating the second magnetic ring obtained in step (a) for 5-10min and curing at 110-150°C
for 120-180 min to obtain the second nanocrystalline magnetic core; an impregnating solution for the impreg-
nating is a mixture of epoxy resin adhesive and diluent; in the impregnating solution, the total mass fraction of
epoxy resin adhesive and diluent is 100wt%, a mass fraction of the epoxy resin adhesive is 25-30wt%, and a
remainder is diluent.

[0042] Compared with the related art, the embodiments of the present application have the following beneficial effects:

(1) the magnetic core of the anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic
core provided by the embodiment of the present application has excellent stability, good linearity, high sensitivity
and a wide adjustment range of magnetic permeability; and

(2) the preparation method of the anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core provided by the embodiment of the present application is simple, the overall structure is relatively simplified,
and the processing cost is low.

[0043] Other aspects will become apparent after reading and understanding the drawings and detailed description.

BRIEF DESCRIPTION OF DRAWINGS

[0044] The accompanying drawings are used to provide a further understanding of the technical solutions of the present
application, constitute a part of the description, explain the technical solutions of the present application in conjunction
with examples of the present application, and have no limitation on the technical solutions of the present application.

FIG. 1 is a structural schematic diagram of an anti-direct-current nanocrystalline double-magnetic-core current
transformer magnetic core provided by Example 1 of the present application;

wherein, 1 is a second nanocrystalline magnetic core, 2 is a first nanocrystalline magnetic core, and 3 is a packaging
shell.

DETAILED DESCRIPTION

[0045] The technical solutions of the present application will be further described below with reference to the accom-
panying drawings and through specific embodiments. It should be apparent to those skilled in the art that the embodiments
are merely used for a better understanding of the present application, and should not be regarded as a specific limitation
of the present application.
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Example 1

[0046] This Example 1 provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core as shown in FIG. 1. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic
core includes a first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped
packaging shell 3. The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second
nanocrystalline magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic
core 1 are coaxially arranged.
[0047] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 2000 H/m.
[0048] The first nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:
a first nanocrystalline magnetic core and a second nanocrystalline magnetic core were sequentially installed into the
interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core.
[0049] The preparation method of the first nanocrystalline magnetic core includes the following steps:

(1) an iron-based nanocrystalline alloy strip material with a thickness of 25 mm was wound into a first magnetic ring; and

(2) the first magnetic ring obtained in step (1) was subjected to an annealing treatment to obtain a first nanocrystalline
magnetic core in an argon atmosphere; the annealing treatment includes the following steps: firstly, a temperature
was heated to 480°C at a heating rate of 4°C/min, the temperature was kept for 75 min, then the temperature was
heated to 565°C at a heating rate of 2°C /min, the temperature was kept for 100 min, and finally the temperature
was cooled to 200°C.

[0050] The second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:

(a) an iron-based nanocrystalline alloy strip material with a thickness of 20 mm was subjected to a tension crystal-
lization annealing treatment at 570°C and an operating speed of the tension-applied strip material of 3 m/min, and
then wound to obtain a second magnetic ring; an applied tension of the tension crystallization annealing treatment
was 75 MPa; and

(b) the second magnetic ring obtained in step (a) was sequentially impregnated for 8 min and cured at 130°C for
150 min to obtain the second nanocrystalline magnetic core; a impregnating solution of the impregnating was a
mixture of epoxy resin adhesive and diluent; in the impregnating solution, the total mass fraction of epoxy resin
adhesive and diluent was 100wt%, a mass fraction of the epoxy resin adhesive was 28wt%, and a remainder was
diluent.

Example 2

[0051] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0052] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 2000 H/m.
[0053] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core is obtained by
the following preparation method, which includes the following steps:
a first nanocrystalline magnetic core and a second nanocrystalline magnetic core were sequentially installed into the
interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core.
[0054] The preparation method of the first nanocrystalline magnetic core is the same as Example 1.
[0055] The second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:
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(a) an iron-based nanocrystalline alloy strip material with a thickness of 18 mm was subjected to a tension crystal-
lization annealing treatment at 550°C and an operating speed of the tension-applied strip material of 2 m/min, and
then wound to obtain a second magnetic ring; an applied tension of the tension crystallization annealing treatment
was 100 MPa; and

(b) the second magnetic ring obtained in step (a) was sequentially impregnated for 8 min and cured at 130°C for
150 min to obtain the second nanocrystalline magnetic core; an impregnating solution of the impregnating was a
mixture of epoxy resin adhesive and diluent; in the impregnating solution, the total mass fraction of epoxy resin
adhesive and diluent was 100wt%, a mass fraction of the epoxy resin adhesive was 28wt%, and a remainder was
diluent.

Example 3

[0056] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell
3.The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0057] The first nanocrystalline magnetic core has a magnetic permeability of 200000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 2000 H/m.
[0058] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core obtained by
the following preparation method includes the following steps:
a first nanocrystalline magnetic core and a second nanocrystalline magnetic core were sequentially installed into the
interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core.
[0059] The preparation method of the first nanocrystalline magnetic core includes the following steps:

(1) an iron-based nanocrystalline alloy strip material with a thickness of 30 mm was wound into a first magnetic ring; and

(2) the first magnetic ring obtained in step (1) was subjected to an annealing treatment to obtain a first nanocrystalline
magnetic core in a vacuum environment; the annealing treatment includes the following steps: firstly, a temperature
was heated to 490°C at a heating rate of 5°C/min, the temperature was kept for 60 min, then the temperature was
heated to 570°C at a heating rate of 3.5°C /min, the temperature was kept for 60 min, and finally the temperature
was cooled to 190°C.

[0060] The preparation method of the second nanocrystalline magnetic core is the same as Example 1.

Example 4

[0061] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0062] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 1000 H/m.
[0063] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core obtained by
the following preparation method includes the following steps:
a first nanocrystalline magnetic core and a second nanocrystalline magnetic core were sequentially installed into the
interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core.
[0064] The preparation method of the first nanocrystalline magnetic core is the same as Example 1.
[0065] The second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:

(a) an iron-based nanocrystalline alloy strip material with a thickness of 20 mm was subjected to a tension crystal-
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lization annealing treatment at 570°C and an operating speed of the tension-applied strip material of 2 m/min, and
then wound to obtain a second magnetic ring; an applied tension of the tension crystallization annealing treatment
was 80 MPa; and

(b) the second magnetic ring obtained in step (a) was sequentially impregnated for 6.5 min and cured at 120°C for
56 min to obtain the second nanocrystalline magnetic core; a impregnating solution for the impregnating was a
mixture of epoxy resin adhesive and diluent; in the impregnating solution, a mass fraction of the epoxy resin adhesive
was 26wt%, and a mass fraction of the diluent was 74wt%.

Example 5

[0066] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0067] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 2000 H/m.
[0068] The preparation method of an anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core is the same as that of Example 1 except that the curing temperature in step (b) was changed to 100°C
and the curing time was changed to 200 min.

Example 6

[0069] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0070] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 2000 H/m.
[0071] The preparation method of an anti-direct-current nanocrystalline double-magnetic-core current transformer
magnetic core is the same as that of Example 1 except that the curing temperature in step (b) was changed to 200°C
and the curing time was changed to 100 min.

Example 7

[0072] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0073] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 400 H/m.
[0074] The preparation method of the first nanocrystalline magnetic core is the same as Example 1.
[0075] The second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:

(a) an iron-based nanocrystalline alloy strip material with a thickness of 22 mm was subjected to a tension crystal-
lization annealing treatment at 500°C and an operating speed of the tension-applied strip material of 1.5 m/min, and
then wound to obtain a second magnetic ring; an applied tension of the tension crystallization annealing treatment
was 20 MPa; and

(b) the second magnetic ring obtained in step (a) was sequentially impregnated for 5 min and cured at 110°C for
180 min to obtain the second nanocrystalline magnetic core; a impregnating solution for the impregnating was a



EP 4 394 816 A1

9

5

10

15

20

25

30

35

40

45

50

55

mixture of epoxy resin adhesive and diluent; in the impregnating solution, a mass fraction of the epoxy resin adhesive
was 25wt%, and a mass fraction of the diluent was 75wt%.

[0076] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core prepared by
this example can be used in circuit environments with large direct-current components. The current transformer made
by this material can still ensure the accuracy of the transformer when the direct-current component of the circuit under
test is large.

Example 8

[0077] This example provides an anti-direct-current nanocrystalline double-magnetic-core current transformer mag-
netic core. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core includes a
first nanocrystalline magnetic core 2, a second nanocrystalline magnetic core 1, and a ring-shaped packaging shell 3.
The first nanocrystalline magnetic core 2 is sheathed and installed on the outer side of the second nanocrystalline
magnetic core 1, and the first nanocrystalline magnetic core 2 and the second nanocrystalline magnetic core 1 are
coaxially arranged.
[0078] The first nanocrystalline magnetic core has a magnetic permeability of 150000 H/m; the second nanocrystalline
magnetic core has a magnetic permeability of 4000 H/m.
[0079] The preparation method of the first nanocrystalline magnetic core is the same as Example 1.
[0080] The second nanocrystalline magnetic core is obtained by the following preparation method, which includes the
following steps:

(a) an iron-based nanocrystalline alloy strip material with a thickness of 16 mm was subjected to a tension crystal-
lization annealing treatment at 530°C and an operating speed of the tension-applied strip material of 10 m/min, and
then wound to obtain a second magnetic ring; an applied tension of the tension crystallization annealing treatment
was 50 MPa; and

(b) the second magnetic ring obtained in step (a) was sequentially impregnated for 10 min and cured at 130°C for
150 min to obtain the second nanocrystalline magnetic core; a impregnating solution for the impregnating was a
mixture of epoxy resin adhesive and diluent; in the impregnating solution, a mass fraction of the epoxy resin adhesive
was 28wt%, and a mass fraction of the diluent was 72wt%.

[0081] The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core prepared by
this example can be applied to circuit environments with small direct-current components. The current transformer made
of this material can maintain high accuracy while ensuring the transformer has certain anti-direct-current bias charac-
teristics.

Comparative Example 1

[0082] This comparative example provides a single-core anti-direct-current component transformer as provided in
Example 1 of CN 103928227A.
[0083] Compared with Example 1, it can be seen that the transformer provided by this comparative example only
contains one magnetic core, which makes the angle difference of the prepared transformer larger and the cost is higher.

Comparative Example 2

[0084] This comparative example provides a nanocrystalline alloy double-magnetic-core current transformer as pro-
vided in Example 1 of CN 107240491A.
[0085] Compared with Example 1, it can be seen that the magnetic core stability of the transformer provided by this
comparative example is poor and the anti-direct-current characteristic is average.
[0086] The anti-direct-current nanocrystalline magnetic-core current transformer magnetic cores provided by Examples
1-6 and Comparative Examples 1-2 were tested for errors in half-wave direct-current-state, and the test data are shown
in Table 1.
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[0087] In summary, the anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core
provided in the present application has excellent stability of magnetic core, good linearity, high sensitivity, and a larger
adjustment range of magnetic permeability. The preparation method is simple, the overall structure is more simplified,
and the processing cost is low.
[0088] The applicant has stated that although the detailed methods of the present application are described by using
the above embodiments in the present application, the present application is not limited to the above detailed methods,
and it should be understood by those skilled in the art that any changes or replacements that can easily be imagined by
those skilled in the art within the scope of the technology disclosed in the present application fall within the scope of
protection and disclosure in the present application.

Claims

1. An anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core, wherein the anti-
direct-current nanocrystalline double-magnetic-core current transformer magnetic core comprises a first nanocrys-
talline magnetic core, a second nanocrystalline magnetic core, and a ring-shaped packaging shell.

2. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core according to claim
1, wherein the first nanocrystalline magnetic core is sheathed and installed on the outer side of the second nanoc-
rystalline magnetic core, and the first nanocrystalline magnetic core and the second nanocrystalline magnetic core
are coaxially arranged.

3. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core according to claim
1 or 2, wherein a magnetic permeability of the first nanocrystalline magnetic core is 80000-200000 H/m.

4. The anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic core according to any
one of claims 1 to 3, wherein a magnetic permeability of the second nanocrystalline magnetic core is 500-4000 H/m.

5. A preparation method for the anti-direct-current nanocrystalline double-magnetic-core current transformer magnetic
core according to any one of claims 1 to 4, comprising:
sequentially installing the first nanocrystalline magnetic core and the second nanocrystalline magnetic core into an

Table 1

0.6A 3A 12A 60A 72A

Example 1
Ratio(%) -0.3 -0.29 -0.25 -0.11 -0.05

Phase(’) 10 4.2 3.5 1.7 1.8

Example 2
Ratio(%) -0.32 -0.31 -0.28 -0.1 -0.05

Phase(’) 11 4.5 3.8 1.7 1.7

Example 3
Ratio(%) -0.35 -0.33 -0.29 -0.09 -0.03

Phase(’) 8 3.8 3.5 1.6 1.6

Example 4
Ratio(%) -0.45 -0.43 -0.41 -0.33 -0.28

Phase(’) 11 4.4 3.8 1.7 1.8

Example 5
Ratio(%) -0.53 -0.53 -0.53 -0.52 -0.51

Phase(’) 12 4.5 3.7 1.7 1.7

Example 6
Ratio(%) -0.21 -0.18 -0.1 0.05 0.18

Phase(’) 11 4.2 3.8 1.7 1.7

Comparative Example 1
Ratio(%) -0.55 -0.55 -0.55 -0.54 -0.53

Phase(’) 250 250 250 251 252

Comparative Example 2
Ratio(%) -0.35 -0.3 -0.26 -0.03 0.05

Phase(’) 10 4.2 3.6 1.7 1.7
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interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current trans-
former magnetic core.

6. The preparation method according to claim 5, wherein the interior of the packaging shell is filled with a filler.

7. The preparation method according to claim 5 or 6, wherein the filler comprises sponge and/or silica gel.

8. The preparation method according to any one of claims 5 to 7, wherein a preparation method of the first nanocrystalline
magnetic core comprises:

(1) winding an iron-based nanocrystalline alloy strip material into a first magnetic ring; and
(2) performing an annealing treatment on the first magnetic ring obtained in step (1) to obtain the first nanoc-
rystalline magnetic core.

9. The preparation method according to claim 8, wherein a thickness of the iron-based nanocrystalline alloy strip
material in step (1) is 20-30 mm;

preferably, an environment of the annealing treatment in step (2) is a vacuum environment and/or a reducing
atmosphere environment;
preferably, the reducing atmosphere comprises an argon atmosphere and/or a nitrogen atmosphere;
preferably, the annealing treatment in step (2) comprises sequentially performing a first heating, a first heat
preservation, a second heating, a second heat preservation, and cooling;
preferably, a terminal temperature of the first heating is 470-490°C;
Preferably, a heating rate of the first heating is 1-5°C/min;
preferably, a time of the first heat preservation is 60-90 min;
preferably, a terminal temperature of the second heating is 540-570°C;
preferably, a heating rate of the second heating is 0.5-3.5°C/min;
preferably, a time of the second heat preservation is 60-120 min;
preferably, a terminal temperature of the cooling is less than or equal to 200°C.

10. The preparation method according to any one of claims 5 to 7, wherein a preparation method of the second nanoc-
rystalline magnetic core comprises:

(a) after subjecting an iron-based nanocrystalline alloy strip material to tension crystallization annealing treat-
ment, winding to obtain a second magnetic ring; and
(b) sequentially impregnating and curing the second magnetic ring obtained in step (a) to obtain the second
nanocrystalline magnetic core.

11. The preparation method according to claim 10, wherein a thickness of the iron-based nanocrystalline alloy strip
material in step (a) is 16-22 mm;

preferably, an annealing temperature of the tension crystallization annealing treatment in step (a) is between
500 and 570°C;
preferably, an applied tension of the tension crystallization annealing treatment in step (a) is 20-100 MPa;
preferably, an operating speed of the tension-applied strip material of the tension crystallization annealing
treatment in step (a) is 1-10 m/min.

12. The preparation method according to claim 10 or 11, wherein an impregnating solution for the impregnating in step
(b) is a mixture of epoxy resin adhesive and diluent;

preferably, the diluent comprises acetone;
preferably, in the impregnating solution, the total mass fraction of epoxy resin adhesive and diluent is 100wt%,
a mass fraction of the epoxy resin adhesive is 25-30wt%, and a remainder is diluent;
preferably, a time of the impregnating in step (b) is 5-10 min;
Preferably, a temperature of the curing in step (b) is 110-150°C;
preferably, a time of the curing in step (b) is 120-180 min.

13. The preparation method according to any one of claims 5 to12, comprising:
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sequentially installing the first nanocrystalline magnetic core and the second nanocrystalline magnetic core into
the interior of the packaging shell to obtain the anti-direct-current nanocrystalline double-magnetic-core current
transformer magnetic core;
the first nanocrystalline magnetic core is obtained by using the following preparation method, comprising:

(1) winding an iron-based nanocrystalline alloy strip material with a thickness of 20-30 mm into a first
magnetic ring; and
(2) performing an annealing treatment on the first magnetic ring obtained in step (1) under a vacuum
environment and/or a reducing atmosphere environment to obtain the first nanocrystalline magnetic core;
the annealing treatment is as follows: firstly, heating to 470-490°C at a heating rate of 1-5°C/min, keeping
the temperature for 60-90 min, then heating to 540-570°C at a heating rate of 0.5-3.5°C/min, keeping the
temperature for 60-120 min, and finally cooling to less than or equal to 200°C, and then taking out of a furnace;

the second nanocrystalline magnetic core is obtained by using the following preparation method, comprising:

(a) subjecting an iron-based nanocrystalline alloy strip material with a thickness of 16-22 mm to a tension
pre-crystallization annealing treatment at 550°C-570°C and an operating speed of the tension-applied strip
material of 1-10 m/min, and then winding the material to obtain a second magnetic ring; an applied tension
of the tension pre-crystallization annealing treatment is 20-100 MPa; and
(b) sequentially impregnating the second magnetic ring obtained in step (a) for 5-10 min and curing at
110-150°C for 120-180 min to obtain the second nanocrystalline magnetic core; an impregnating solution
for the impregnating is a mixture of epoxy resin adhesive and diluent; in the impregnating solution, the total
mass fraction of epoxy resin adhesive and diluent is 100wt%, a mass fraction of the epoxy resin adhesive
is 25-30wt%, and a remainder is diluent.
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