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(54) INDUCTOR

(57) The embodiments of the present application re-
late to the technical field of inductors. Provided is an in-
ductor, comprising: a plurality of coils and a magnetic
core. The magnetic core comprises: an upper bottom
plate and a lower bottom plate, which are arranged in
parallel and opposite each other; a plurality of winding
columns, which are located between the upper bottom
plate and the lower bottom plate, and around which the
plurality of coils are wound; and at least one non-winding
column, which is arranged between the upper bottom
plate and the lower bottom plate, wherein the numbers
of turns of coils on at least two of the winding columns
are different, and the directions of currents in the coils
are opposite; and there are air gaps in the at least two
winding columns, around which the coils are wound for
different numbers of turns, and the sizes of the air gaps
in the winding columns are different. By means of the
inductor in the embodiments, an inductor having different
proportions of magnetic loss and copper loss can be con-
figured according to different heat dissipation conditions
of the environment in which the inductor is located, there-
by realizing the differentiated design of an inductor.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application refers to Chinese Ap-
plication No. 2021107664037 entitled "Inductor", filed on
July 7th, 2021, which is entirely incorporated herein by
reference.

TECHNICAL FIELD

[0002] Embodiments of the present application relate
to the technical field of inductors, in particular to an in-
ductor.

BACKGROUND

[0003] In the technical field of inductors, especially a
high-power converter adopts an interleaving technology,
which may effectively reduce a current ripple and achieve
a higher power density and efficiency, so the number of
magnetic parts required will be inevitably increased, if
discrete inductors are still used, a volume is greatly in-
creased, and a larger space is occupied, so an integrated
structure is adopted, which may effectively reduce the
volume of a magnetic core, and improve efficiency. How-
ever, existing integrated inductors do not provide solu-
tions for the problems such as uneven heat dissipation
and efficiency of the actual magnetic parts.

SUMMARY

[0004] An embodiment of the present application main-
ly aims to propose an inductor, and an inductance having
different proportions of magnetic losses and copper loss-
es may be set according to different heat dissipation con-
ditions of the environment in which the inductor is located,
thereby realizing the differentiated design of the inductor.
[0005] In order to achieve the above aim, an embodi-
ment of the present application provides an inductor, in-
cluding: a plurality of coils and a magnetic core; the mag-
netic core includes: an upper bottom plate and a lower
bottom plate, which are arranged in parallel up and down,
a plurality of winding columns, which are located between
the upper bottom plate and the lower bottom plate, and
around which the plurality of coils are wound, and at least
one non-winding column, which is arranged between the
upper bottom plate and the lower bottom plate; and the
numbers of turns of coils on at least two of the winding
columns are different, directions of currents in the coils
are opposite, there are air gaps in the at least two winding
columns, around which the coils are wound for different
numbers of turns, and the sizes of the air gaps in the
winding columns are different.
[0006] The inductor proposed by the present applica-
tion includes the plurality of coils and the magnetic core.
The magnetic core includes: the upper bottom plate and
the lower bottom plate, which are arranged in parallel up

and down, the plurality of winding columns, which are
located between the upper bottom plate and the lower
bottom plate, and around which the plurality of coils are
wound, and at least one non-winding column, which is
arranged between the upper bottom plate and the lower
bottom plate, wherein the numbers of turns of coils on at
least two winding columns are different, and the direc-
tions of the currents in the coils are opposite; and there
are air gaps in the at least two winding columns, around
which the coils are wound for different numbers of turns,
and the sizes of the air gaps in the winding columns are
different. Compared with an original inductor with the
same number of turns and the same air gaps, the present
scheme may adjust the proportions of the magnetic loss-
es and the copper losses by arranging at least two wind-
ing coils with different numbers of turns and different siz-
es of the air gaps, so that the inductor with different turn
ratios may be arranged according to different heat dissi-
pation conditions of the environment, thereby realizing
the differentiated design.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] One or more embodiments are exemplarily il-
lustrated through pictures in corresponding accompany-
ing drawings, and these exemplifications do not consti-
tute a limitation to the embodiments.

Fig. 1 is a schematic structural diagram of an inductor
in an instance according to the present application;
Fig. 2 is a schematic structural diagram of an inductor
according to an existing example;
Fig. 3 is a distribution diagram of magnetic core loss-
es of two inductors with different turn ratios according
to the present application; and
Fig. 4 is a schematic structural diagram of an inductor
in another instance according to the present appli-
cation.

DETAILED DESCRIPTION

[0008] To make the objectives, technical solutions and
advantages of the present application clearer, embodi-
ments of the present application will be described in detail
below in combination with the accompanying drawings.
However, those ordinarily skilled in the art may under-
stand that in the embodiments of the present application,
in order to make a reader better understand the present
application, many technical details are proposed. Yet,
even without these technical details and various varia-
tions and modifications based on the following embodi-
ments, it may also realize the technical solution of pro-
tection claimed in the present application. The following
embodiments are divided for convenience of description
and shall not constitute any limitation to the specific im-
plementation of the present application. The embodi-
ments may be combined and referenced to each other
without contradiction.

1 2 
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[0009] In the technical field of inductors, especially a
high-power converter adopts an interleaving technology,
which may effectively reduce a current ripple and achieve
a higher power density and efficiency, so the number of
magnetic parts required will be inevitably increased, if
discrete inductors are still used, a volume is greatly in-
creased, and a larger space is occupied, so an integrated
structure is adopted, which may effectively reduce the
volume of a magnetic core, and improve efficiency. The
following contents of the present embodiment are mainly
aimed at the problems such as uneven heat dissipation
and efficiency of actual magnetic parts, and differential
design is proposed by combining the copper losses and
magnetic losses of the magnetic parts.
[0010] Referring to Fig. 1, in an embodiment, an induc-
tor includes: a plurality of coils 1 and a magnetic core 2;
and the magnetic core 2 includes: an upper bottom plate
21 and a lower bottom plate 22, which are arranged in
parallel up and down, a plurality of winding columns 23,
which are located between the upper bottom plate 21
and the lower bottom plate 22, and around which the
plurality of coils 1 are wound, and at least one non-wind-
ing column 24, which is arranged between the upper bot-
tom plate 21 and the lower bottom plate 22. The numbers
of turns of the coils 1 on at least two winding columns 23
are different, directions of currents in the coils 1 are op-
posite, there are air gaps 10 in the at least two winding
columns 23, around which the coils are wound for differ-
ent numbers of turns, and the sizes of the air gaps 10 in
the winding columns 23 are different.
[0011] Optionally, the air gaps 10 are located at posi-
tions of the winding columns 23 away from the upper
bottom plate 21 and the lower bottom plate 22, and each
winding column 23 is connected with the upper bottom
plate 21 and the lower bottom plate 22. In other words,
the air gaps 10 are located at positions of middle regions
of the winding columns 23, and each winding column 23
is connected with the upper bottom plate 21 and the lower
bottom plate 22. The air gaps 10 are single-segment air
gaps 10 or multi-segment air gaps 10.
[0012] In the embodiment, the magnetic core 2 in-
cludes the non-winding column 24, the winding columns
23, the upper bottom plate 21 and the lower bottom plate
22, and a material of the magnetic core 2 includes ferrite,
an amorphous body, a magnetic powder core or silicon
steel. In actual application, materials of the non-winding
column 24, the winding columns 23, the upper bottom
plate 21 and the lower bottom plate 22 may be the same
or different, the upper bottom plate 21 and the lower bot-
tom plate 22 may be in a plate shape, two ends of each
winding column 23 in the plurality of winding columns 23
are connected to the upper bottom plate 21 and the lower
bottom plate 22 respectively, and two ends of at least
one non-winding column 24 are connected to the upper
bottom plate 21 and the lower bottom plate 22 respec-
tively.
[0013] Optionally, the non-winding column 24, the
winding columns 23, the upper bottom plate 21 and the

lower bottom plate 22 are integrally formed.
[0014] Optionally, the upper bottom plate 21 and the
lower bottom plate 22 may adopt a hexagonal structure
or other polygonal structures, and the winding columns
23 and the non-winding column 24 may be in an elliptic,
circular, or polygonal columnar shape.
[0015] The inventor finds by research that when the
number of turns of the coil 1 on a certain winding column
23 is increased, and the air gap 10 is enlarged, a copper
loss of the whole inductor may be increased, and a mag-
netic loss is reduced; and when the number of turns of
the coil 1 on a certain winding column 23 is reduced, and
the air gap 10 is decreased, the copper loss of the whole
inductor may be reduced, and the magnetic loss is in-
creased. The actual inductor is applied to a communica-
tion power supply or other switching power supply, and
whether it is a natural heat dissipation or air-cooled heat
dissipation environment, the inductor has an air duct near
surface and an air duct leeward surface, or is near a heat
source or away from the heat source. In this way, the
differential optimal design may be carried out according
to the actual situation. For example, in the case of the air
duct near surface and a good heat dissipation effect, the
number of turns of the coils 1 on the winding columns 23
may be appropriately increased, and the air gaps 10 may
be enlarged to reduce the magnetic loss. Or, in the case
of the air duct far surface and a poor heat dissipation
effect, the number of winding turns on the winding col-
umns 23 may be reduced to reduce the copper loss.
Thus, differentiated design may be carried out for heat
dissipation and efficiency consideration, the magnetic
loss and the copper loss are compromised, and the uti-
lization rate of the inductor is improved while the heat
dissipation problem is taken into account.
[0016] Based on the above principle, the numbers of
turns of the coils 1 on at least two winding columns 23 in
the inductor proposed in the present embodiment are
different, and the directions of currents in the coils 1 are
opposite; and there are air gaps 10 in the at least two
winding columns 23, around which the coils are wound
for different numbers of turns, and the sizes of the air
gaps 10 in the winding columns 23 are different.
[0017] The numbers of turns of the coils 1 on at least
two winding columns 23 are different, and the directions
of the currents in the coils 1 are opposite, so that magnetic
fluxes on the non-winding column 24 may be mutually
attenuated. Based on this, a cross sectional area of the
non-winding column 24 may be smaller than that of the
winding columns 23, and reducing the volume of the non-
winding column 24 can not only reduce the magnetic loss
of the magnetic core 2, but also improve an integration
degree of the inductor and reduce the volume of the in-
ductor.
[0018] In order to meet design requirements of power
electronic products, it is usually necessary to polish the
magnetic core 2 to form the air gaps 10 to adjust the
inductance capacitance of the product. The effect of the
air gaps 10 is to reduce the permeability so that coil char-
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acteristics are less dependent on the initial permeability
of the material of the magnet core 2. The air gaps 10 can
avoid the phenomenon of magnetic saturation under an
alternating-current large signal or direct-current bias, and
the inductance capacitance is better controlled. Howev-
er, in a case that the air gaps 10 reduce the permeability,
more turns of coils 1 are required, a relevant copper loss
is also increased, so appropriate compromises are need-
ed. In the present embodiment, since the numbers of
turns of the coils 1 on at least two winding columns 23
are different, the sizes of the air gaps 10 in the two winding
columns 23 are also different in order to make inductance
values formed by the coils 1 on the two winding columns
23 be similar. There is one or more air gaps 10 in each
winding column 23 in at least two winding columns 23,
and sizes of the air gaps 10 in the two winding columns
23 with different turns of coils 1 are also different. It is
worth noting that in order to illustrate the technical prin-
ciple in present embodiment by using a control variable
method, the magnitude of a current introduced in each
coil 1 in the present embodiment is the same.
[0019] In this scheme, by arranging at least two wind-
ing coils 1 with different numbers of turns and different
sizes of air gaps 10, the proportion of the magnetic loss
and the copper loss may be adjusted compared with orig-
inal inductors with the same number of turns and the
same air gaps 10, so that in actual use, the inductors with
different turn ratios may be arranged according to differ-
ent heat dissipation conditions of the environment, and
differentiated design is realized.
[0020] The inductor in the present embodiment is illus-
trated in detail in combination with a specific example:
In one example, as shown in Fig. 1, the number of the
winding columns 23 is two, the numbers of turns of the
coils 1 on the two winding columns 23 are different, the
two winding columns 23 are a first winding column 231
and a second winding column 232; and the number of
turns of the coil 1 wound on the first winding column 231
is greater than the number of turns of the coil 1 wound
on the second winding column 232, and the air gap 10
in the second winding column 232 is smaller than the air
gap 10 in the first winding column 231.
[0021] Specifically, the inductor is provided in the
present embodiment, the magnetic core 2 includes the
upper bottom plate 21, the lower bottom plate 22, two
winding columns 23, and two non-winding columns 24.
The two winding columns 23 are the first winding column
231 and the second winding column 232 respectively, a
first coil 11 is on the first winding column 231, a second
coil 12 is on the second winding column 232, and the
number of turns of the first coil 11 is greater than the
number of turns of the second coil 12, so that magnetic
field strength on the first winding column 231 may be
increased. The first winding column 231 includes a first
air gap 101, and the second winding column 232 includes
a second air gap 102. The first air gap 101 is greater than
the second air gap 102, so that magnetoresistance on
the first winding column 231 may be increased. Under a

combined action of the number of turns of the first coil
11 on the first winding column 231 and the first air gap
101, a value of a first inductance formed by the first wind-
ing column 231 and the first coil 11 is close to a value of
a second inductance formed by the second winding col-
umn 232 and the second coil 12.
[0022] In some examples, the first winding column 231
and the coil 1 form the first inductance, the second wind-
ing column 232 and the coil 1 form the second induct-
ance, and magnitudes of values of the first and second
inductances are the same.
[0023] The inductor shown in Fig. 2 is provided in the
present embodiment, the number of turns of the first coil
11 on the first winding column 231 is the same as the
number of turns of the second coil 12 on the second wind-
ing column 232, and the sizes of the air gaps 10 in the
first winding column 231 and the second winding column
232 are the same. It is supposed that the turn ratio of the
first coil 11 to the second coil 12 in the inductor shown
in Fig. 2 is 3:3, while the turn ratio of the first coil 11 to
the second coil 12 in the inductor shown in Fig. 1 in the
present embodiment is 5:3. The simulating calculation of
losses of magnetic cores 2 of the inductor under two turn
ratios is shown in Fig. 3, it may be seen that in the inductor
with the same turn ratio shown in Fig. 2, the loss of the
magnetic core 2 is reduced significantly after increasing
the number of turns on a certain winding column 23 and
increasing the air gap 10. The copper loss is power con-
sumed on a resistance of a primary secondary winding
when the current passes through the primary secondary
winding of a transformer, and it may be determined that
the copper loss is increased after the number of turns on
a certain winding column 23 is increased and the air gap
10 is enlarged. This also proves correctness of the above
theory studied by the inventor on the other hand.
[0024] Optionally, the number of the winding columns
23 is two, and the two winding columns 23 and the two
non-winding columns 24 are arranged in a row, and a
specific arranging mode of the winding columns 23 and
non-winding columns 24 is given.
[0025] In another example, as shown in Fig. 4, the
number of the non-winding columns 24 is two, and the
plurality of winding columns 23 are located between the
two non-winding columns 24; and the coils 1 on the plu-
rality of the winding columns 23 are arranged in such a
way that the magnetic fluxes formed in two non-winding
columns 24 cancel each other. In other words, the mag-
netic fluxes formed by the coils 1 on the plurality of wind-
ing columns 23 on the two non-winding columns 24 may
cancel each other, so that the cross-sectional area of the
non-winding columns 24 may be less than that of the
winding columns 23, and reducing the volume of the non-
winding columns 24 can not only reduce the magnetic
loss of the magnetic core 2, but also improve the inte-
gration degree of the inductor and reduce the volume of
the inductor. The number of the winding columns 23
shown in Fig. 4 is for example only and should not be
used as a limitation on the number of the winding columns
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23 in the accompanying drawings.
[0026] In another example, the number of the winding
columns 23 may be three or more.
[0027] In the present embodiment, the magnetoresist-
ance of the non-winding columns 24 is less than that of
the winding columns 23. That is, there is no air gap 10
in side columns in the present embodiment.
[0028] Above, in the present embodiment, on the one
hand, winding on the winding columns 23 causes the
current to generate the magnetic fluxes with opposite di-
rections and the same size on the two winding columns
23, and since the same air gaps 10 are formed in the two
winding columns 23, there is no air gap 10 in the non-
winding columns 24, so that the magnetic fluxes of the
two winding columns 23 cancel each other on the non-
winding columns 24, thus, the cross-sectional area of the
two non-winding columns 24 may be reduced, and then
the volume of the magnetic core 2 may be reduced. The
loss of the magnetic core 2 may be reduced compared
with an inductor with a large cross-sectional area, and
the circuit efficiency may be improved. Reducing the
cross-sectional area of the non-winding columns 24 will
not block the heat dissipation of the winding columns 23.
[0029] On the other hand, according to the actual heat
dissipation situation or the symmetry situation of circuit
parameters, differentiated adjustment of the number of
turns and differentiated adjustment of the side columns
may also be carried out, respective corresponding opti-
mization is performed considering that actual heat dissi-
pation situations of two integrated inductors are different,
so that the coils 1 and magnetic core 2 of a magnetic
element may be used to the maximum degree.
[0030] It is worth mentioning that in order to highlight
the innovative part of the present application, units less
closely related to solving the technical problems raised
in the present application are not introduced in the
present embodiment, but this does not mean that other
units do not exist in the present embodiment.

Claims

1. An inductor, wherein the inductor comprises a plu-
rality of coils and a magnetic core;

the magnetic core comprises: an upper bottom
plate and a lower bottom plate, which are ar-
ranged in parallel up and down, a plurality of
winding columns, which are located between the
upper bottom plate and the lower bottom plate,
and around which the plurality of coils are
wound, and at least one non-winding column,
which is arranged between the upper bottom
plate and the lower bottom plate; and
the numbers of turns of coils on at least two of
the winding columns are different, directions of
currents in the coils are opposite, there are air
gaps in the at least two winding columns, around

which the coils are wound for different numbers
of turns, and the sizes of the air gaps in the wind-
ing columns are different.

2. The inductor of claim 1, wherein the numbers of turns
of coils on two winding columns are different, and
the two winding columns are a first winding column
and a second winding column; and
the number of turns of the coil wound around the first
winding column is greater than the number of turns
of the coil wound around the second winding column,
and the air gap in the second winding column is
smaller than the air gap in the first winding column.

3. The inductor of claim 2, wherein the first winding col-
umn and the coil form a first inductance, and the
second winding column and the coil form a second
inductance; and
an inductance value of the first inductance is the
same as that of the second inductance.

4. The inductor of claim 1, wherein the air gaps are
located in positions of the winding columns away
from the upper bottom plate and the lower bottom
plate, and each winding column is connected with
the upper bottom plate and the lower bottom plate.

5. The inductor of claim 1 or 4, wherein the air gaps are
single-segment air gaps or multi-segment air gaps.

6. The inductor of claim 1 or 2, wherein the number of
the non-winding columns is two, and the plurality of
winding columns are located between the two non-
winding columns; and
the coils on the plurality of winding columns are set
in a way that magnetic fluxes formed by the two non-
winding columns cancel each other.

7. The inductor of claim 6, wherein the number of the
winding columns is two, and the two winding columns
and the two non-winding columns are arranged in a
row.

8. The inductor of claim 1, wherein the non-winding col-
umn, the winding columns, the upper bottom plate
and the lower bottom plate are integrally formed.

9. The inductor of claim 1, wherein a material of the
magnetic core comprises ferrite, an amorphous
body, a magnetic powder core or silicon steel.

10. The inductor of claim 1, wherein magnetoresistance
of the non-winding column is less than that of the
winding columns.
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