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(54) INDUCTOR ASSEMBLY AND SPEAKER

(567) Disclosed are an inductor and a speaker. The
inductor assembly includes: an inductor and a current
regulating device. The inductor includes a first coil and
a second coil, wherein the first coil is configured to, after
being connected to an operating circuit, enable the sec-
ond coil to generate an induced current; two ends of the
second coil are connected to the current regulating de-
vice in series by means of conducting wires, and the cur-
rent regulating device is configured to regulate the mag-
nitude of the induced current generated by the second

coil. In the inductor assembly provided in the present
disclosure, a first coil, a second coil, and a current reg-
ulating device are provided, and two ends of the second
coil are connected to the current regulating device in se-
ries by means of conducting wires. After the first coil is
connected to a working circuit, the second coil is enabled
to generate an induced current. When the inductance of
the inductor in the inductor assembly needs to be
changed, it is only necessary to adjust the current regu-
lating device, and the operations are simple.

FIG. 1

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 736 840 A1 2

Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201810067576.8, filed on January
24, 2018 and entitled "ADJUSTABLE INDUCTOR AS-
SEMBLY AND SPEAKER", the entire contents of which
are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
electrical devices, and more particularly, relates to an
inductor assembly and a speaker.

BACKGROUND

[0003] Aninductoris an element configured to convert
electrical energy into magnetic energy and store the mag-
netic energy, which is an important part of the power sys-
tem. In the power system, with a large number of non-
linear loads being connected, problems such as voltage
fluctuations and harmonic pollution may be caused. In
order to solve these problems, the inductance of the in-
ductor shall be adjusted during the operation.

[0004] An inductor that uses a saturation inductance
method to adjust the inductance is provided in related
art. The inductorincludes an core, afirst coil and a second
coil which are wound on the core. The first coil is config-
ured to be connected to an operating circuit (the current
in the operating circuit is an alternating current), which
enables the second coil to generate an induced current.
When the inductance of the inductor needs to be adjust-
ed, it is necessary to apply direct current to the second
coil, and constantly change a magnitude of the direct
current, so as to change a saturation degree of the core,
then change a magnitude of the inductance of the first
coil, and adjust an inductance of the inductor.

[0005] The inventors have found at least the following
problems in the related art:

[0006] In the related art, when the magnitude of the
inductance of the inductor is changed, it is necessary to
apply direct current to the second coil, and constantly
change the magnitude of the direct current, and the op-
eration is complex.

SUMMARY

[0007] Embodiments of the present disclosure provide
an inductor assembly and a speaker, which may solve
the above-mentioned technical problems. The technical
solutions are as follows:

[0008] Inone aspect, embodiments of the present dis-
closure provide an inductor assembly. The inductor as-
sembly includes an inductor and a current regulating de-
vice;

wherein the inductorincludes afirst coil and a second coil;
wherein the first coil is configured to, after being connect-
ed to an operating circuit, enable the second coil to gen-
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erate an induced current; and

two ends of the second coil are connected to the current
regulating device in series by means of conducting wires,
and the currentregulating device is configured to regulate
the magnitude of the induced current generated by the
second coil.

[0009] Optionally, the first coil and the second coil are
both air-core coils; and

the second coil is wound on the first coil; or

the first coil is wound on the second coil; or

the first coil and the second coil are co-wound.

[0010] Optionally, the inductor further includes a mag-
netic circuit core;

wherein the first coil and the second coil are both wound
on the magnetic circuit core.

[0011] Optionally, the magnetic circuit core includes a
closed magnetic circuit core; wherein

the first coil is wound on the closed magnetic circuit core,
and the second coil is wound on the first coil; or

the second coil is wound on the closed magnetic circuit
core, and the first coil is wound on the second coil; or
the first coil and the second coil are co-wound on the
closed magnetic circuit core.

[0012] Optionally, the closed magnetic circuit core is
one of a ring-shaped core, a double-C-shaped core with
notches butted against each other, and a ring-shaped
core with a slit on a side wall.

[0013] Optionally, the magnetic circuit core includes
an open magnetic circuit core; wherein

the first coil is wound on the open magnetic circuit core,
and the second coil is wound on the first coil; or

the second coil is wound on the open magnetic circuit
core, and the first coil is wound on the second coil; or
the first coil and the second coil are co-wound on the
open magnetic circuit core.

[0014] Optionally, the open magnetic circuit core is a
rod-shaped core.

[0015] Optionally, the current regulating device in-
cludes a variable resistor or a rectifier switching device.
[0016] Optionally, the rectifier switching device in-
cludes an insulated gate bipolar transistor, or a thyristor,
or a triode.

[0017] In another aspect, embodiments of the present
disclosure provide a speaker. The speaker includes a
frequency divider;

wherein the frequency divider includes the above-men-
tioned inductor assembly.

[0018] In the inductor assembly according to the em-
bodiments of the present disclosure, a first coil, a second
coil, and a current regulating device are provided, and
two ends of the second coil are connected to the current
regulating device in series by means of conducting wires.
Atfter the first coil is connected to an operating circuit, the
second coil is enabled to generate an induced current.
When an inductance of the inductor in the inductor as-
sembly needs to be changed, only the current regulating
device needs to be regulated, and the operations are
simple.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] In order to describe the technical solutions in
the embodiments of the present disclosure more clearly,
the following briefly introduces the accompanying draw-
ings required for describing the embodiments. Apparent-
ly, the accompanying drawings in the following descrip-
tion show merely some embodiments of the present dis-
closure, and a person of ordinary skill in the art may also
derive other drawings from these accompanying draw-
ings without creative efforts.

FIG. 1is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure;
FIG. 2 is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure;
FIG. 3 is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure;
FIG. 4 is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure;
FIG. 5is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure
FIG. 6 is a schematic structural circuit diagram of an
inductor assembly according to an embodiment of
the present disclosure; and
FIG. 7 is a schematic structural diagram of a triode
according to an embodiment of the present disclo-
sure.

[0020] reference numerals and denotations thereof:

1 -first coil,

2-second coil,

3-variable resistor,

4-closed magnetic circuit core,

5-current regulating device, and

6-open magnetic circuit core.

DETAILED DESCRIPTION

[0021] Forclearerdescriptions of the objects, technical
solutions and advantages in the present disclosure, the
present disclosure is described in detail below in combi-
nation with the accompanying drawings.

[0022] Aninductoris an element configured to convert
electrical energy into magnetic energy and store the the
magnetic energy, and is widely used in life. When the
inductor is used, it is often necessary to adjust the in-
ductance of the inductor.

[0023] For the adjustment of the inductance of the in-
ductor, a thyristor-controlled transformer (TCT) principle
is adopted for adjustment in related art I. However, be-
cause the structure of the transformer is too complicated,
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it is of poor practicability. In related art Il, the saturation
inductance method is configured for adjustment. The in-
ductor used in this method includes an core, a first coil
and a second coil which are wound on the core. During
the adjustment process, apply direct current to the sec-
ond coil, and constantly change the magnitude of the
direct current, so as to change the saturation degree of
the core, and then change the magnitude of the induct-
ance of the first coil. This method will cause current flow-
ing through the inductor to be distorted or generate har-
monics.

[0024] In the embodiment of the present disclosure,
the induced current generated by the second coil is con-
figured to change a magnitude of a reverse magnetic flux
by changing a magnitude of the current flowing through
the second coil, so as to realize linear adjustment of the
inductance of the inductor. The adjustment process is
simple, and the air-core inductor, the open magnetic cir-
cuit inductor, and the closed-loop magnetic circuit induc-
tor may all be linearly adjusted, which not only responds
quickly, but also does not distort a waveform of the cur-
rent flowing through the first coil.

[0025] Takingthe closed-loop magnetic circuitinductor
as an example, the principle of the adjustment process
is explained as follows: the closed-loop magnetic circuit
inductor includes a first coil, a second coil and a closed
magnetic circuit core. When 11N4=I,N,, in an ideal state,
the magnetic flux of the closed magnetic circuit core is
zero. In the formula, 1, is the current in the first coil, N4
is the number of turns of the first coil, |, is the current in
the second coil, and N, is the number of turns of the
second coil. At this moment, when the magnitude of the
current in the second coil is changed, a magnetic flux
generated by the second coil and the magnetic flux gen-
erated by the first coil cancel each other, and the mag-
netic flux of the closed magnetic circuit core is also
changed, such that the inductance of the first coil is
changed, thus the adjustment of the inductance of the
inductor is achieved.

[0026] In this regard, in one aspect, an embodiment of
the present disclosure provides an inductor assembly.
As shown in FIG.1, the inductor includes an inductor and
a current regulating device 5. The inductor includes a
first coil 1 and a second coil 2, wherein the first coil 1 is
configured to, after being connected to an operating cir-
cuit, enable the second coil 2 to generate an induced
current; two ends of the second coil 2 are connected to
the current regulating device 5 in series by means of con-
ducting wires, and the current regulating device 5 is con-
figured to regulate the magnitude of the induced current
generated by the second coil 2.

[0027] The first coil 1 is connected to the operating
circuit (it may be understood that the current applied at
this moment to the first coil 1 is an alternating current),
which enables the second coil 2 to generate an induced
current. When the inductance of the inductor in the in-
ductor assembly needs to be changed, the current reg-
ulating device 5 is configured to regulate a magnitude of
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current in the second coil 2, and then a magnitude of a
magnetic flux of the second coil 2 is changed. At this
moment, an inductance of the inductor in the inductor
assembly is regulated. Here, the "operating circuit" refers
to the circuit where a load is disposed.

[0028] In the inductor assembly according to the em-
bodiment of the present disclosure, afirst coil 1, a second
coil 2, and a current regulating device 5 are provided,
and two ends of the second coil 2 are connected to the
current regulating device 5 in series by means of con-
ducting wires. After the first coil 1 is connected to an
operating circuit, the second coil 2 is enabled to generate
an induced current. When the inductance of the inductor
in the inductor assembly needs to be changed, only the
current regulating device 5 needs to be regulated, and
the operations are simple.

[0029] It should be noted that inductors with various
structures are all applicable to the inductor assembly ac-
cording to the embodiment of the present disclosure, and
the following is optional:

[0030] As anexample, both the first coil 1 and the sec-
ond coil 2 may be arranged as air-core coils, and the
second coil 2 is wound on the first coil 1. Alternatively,
the first coil 1 is wound on the second coil 2. Alternatively,
the first coil 1 and the second coil 2 are co-wound.
[0031] With this arrangement, the inductor assembly
may be applied to occasions with a wide range of fre-
quencies, ensuring that most audio frequencies may
pass through smoothly.

[0032] Here, the term "co-wound" refers to that the first
coil 1 and the second coil 2 are mixed and co-wound to
form a layer of air-core coils (in each of the above-men-
tioned situation in which the second coil 2 is wound on
the first coil 1, or the first coil 1 is wound on the second
coil 2, the first coil 1 and the second coil 2 form two layers
of air-core coils). In a possible implementation, two wires
are placed side by side for winding. With reference to
FIG. 1, it may be seen that in the above-mentioned layer
of air-core coils, the wires belonging to the first coil 1 are
arranged alternately with the wires belonging to the sec-
ond coil 2.

[0033] As another example, as shown in FIG. 1, the
inductor assembly further includes a magnetic circuit
core. Thefirst coil 1 and the second coil 2 are both wound
on the magnetic circuit core.

[0034] Inan optional embodiment, the magnetic circuit
core includes a closed magnetic circuit core 4, and the
first coil 1 and the second coil 2 are both wound on the
closed magnetic circuit core 4, for example, as shown in
FIG. 2. Optionally, the winding methods of the first coil 1
and the second coil 2 mentioned above may be as fol-
lows: the first coil 1 is wound on the closed magnetic core
4, and the second coil 2 is wound on the first coil 1; or
the second coil 2 is wound on the closed magnetic circuit
core 4, and the first coil 1 is wound on the second coil 2;
or the first coil 1 and the second coil 2 are co-wound on
the closed magnetic circuit core 4. The embodiment of
the present disclosure does not limit the winding method
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of the first coil 1 and the second coil 2. For example, as
shown in FIG. 3, the first coil 1 and the second coil 2 may
be wound respectively at different positions on the closed
magnetic circuit core 4.

[0035] Inthis embodiment, the first coil 1 is connected
to the operating circuit to enable the second coil 2 to
generate the induced current. When it is necessary to
change the inductance of the inductor in the inductor as-
sembly, the current regulating device 5 is configured to
regulate the magnitude of the current in the second coil
2, and then the magnitude of the magnetic flux of the
closed magnetic circuit core 4 is changed. At this mo-
ment, the inductance of the inductor in the inductor as-
sembly is regulated. By this arrangement, it is ensured
that the magnetic resistance of the inductor is small and
the magnetic induction intensity is large.

[0036] The closed magnetic circuit core 4 may be in
various structures. For example, the closed magnetic cir-
cuit core may be a ring structure, or a double-C-shaped
structure with notches butted against each other, or a
ring structure with a slit on the side wall, or the like.
[0037] As yetanother example, the inductor assembly
further includes an open magnetic circuit core 6. The first
coil 1 is wound on the open magnetic circuit core 6, and
the second coil 2 is wound on the first coil 1. Alternatively,
the second coil 2 is wound on the open magnetic circuit
core 6, and the first coil 1 is wound on the second coil 2.
Alternatively, the first coil 1 and the second coil 2 are co-
wound on the open magnetic circuit core 6. For the sche-
matic diagram of the winding methods, reference may
be made to FIG. 4.

[0038] The first coil 1 is connected to the operating
circuit to enable the second coil 2 to generate the induced
current. When it is necessary to change the inductance
of the inductor in the inductor assembly, the current reg-
ulating device 5 is configured to regulate the magnitude
ofthe currentin the second coil 2, and then the magnitude
of the magnetic flux of the open magnetic circuit core 6
is changed. At this moment, the inductance of the induc-
tor in the inductor assembly is regulated. By this arrange-
ment, it is ensured that the magnetic resistance of the
inductor is small and the magnetic induction intensity is
large.

[0039] Theembodimentofthe presentdisclosure does
not limit the structure of the open magnetic circuit core
6. For example, the open magnetic circuit core 6 may be
a rod-shaped structure.

[0040] In an optional embodiment, the current regulat-
ing device 5 includes a variable resistor 3 or a rectifier
switching device. Next, the variable resistor 3 and the
rectifier switching device are described respectively:
[0041] The variable resistor 3: the variable resistor 3
is aresistorwhose resistance may be adjusted. As shown
in FIG. 5, the second coil 2 may be connected in series
to the variable resistor 3 through wires (or another op-
tional connection method), then the total resistance of
the circuit where the second coil 2 is disposed is equal
to the sum of the resistance of the second coil 2 and that
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of the variable resistor 3. When the inductance of the
inductor needs to be adjusted, the resistance value of
the variable resistor 3 is adjusted, so as to change the
total resistance of the circuit where the second coil 2 is
disposed, thereby changing the current of the circuit
where the second coil 2is disposed. Afterwards, the mag-
netic flux of the second coil 2 is changed, and the induct-
ance of the first coil 1 is changed accordingly. At this
moment, the inductance of the inductor is regulated.
[0042] The rectifier switching device: optionally, the
rectifier switching device includes an insulated gate bi-
polar transistor, or a thyristor, or a triode.

[0043] The insulated gate bipolar transistor (IGBT): it
is a semiconductor element with a switching function.
The application circuit of the IGBT is shown in FIG. 6 in
which D1, D2, D3, D4, and D5 all represent diodes, C
represents a capacitor, and L, represents an inductor.
In FIG. 6, the IGBT and D5 are connected in parallel, and
the IGBT and D5 in parallel are configured as a first el-
ement, then the first element and the inductor L, are con-
nected in series to form a first sub-circuit. The first sub-
circuit is connected in parallel to the capacitor C to form
a branch circuit. After the first coil 1 is connected to the
operating circuit, two ends of the second coil 2 are con-
nected in series to the branch circuit by D, and D3 when
the direction of the current |, in the second coil 2 is the
direction shownin FIG. 6. Accordingly, when the direction
of the current |, in the second coil 2 is opposite to the
direction shown in FIG. 6, two ends of the second coil 2
are connected in series to the branch circuit through D,
and Dy. It can be seen that the second coil 2 is always
connected in series to the branch circuit, that is, the circuit
where the second coil 2 is disposed is always a closed
circuit.

[0044] Further, the switching state of the IGBT may be
changed by a computer. When the IGBT is switched from
the on state to the off state, the value of the current in
the circuit where the second coil 2 is disposed decreases;
when the IGBT is switched from the off state to the on
state, the value of the current in the second coil 2 is in-
creased. Therefore, by regulating the switching frequen-
cies of the IGBT by a computer, the switching states of
the IGBT may be switched regularly, and the value of the
current in the circuit where the second coil 2 is disposed
will be changed accordingly, thus the effective value of
I, is changed, and the current of the circuit where the
second coil 2 is disposed may be adjusted. Therefore,
the magnetic flux of the second coil 2 is changed, and
the inductance of the first coil 1 is changed accordingly.
At this moment, the inductance of the inductor is regu-
lated.

[0045] It should be noted that, as shown in FIG. 6, the
function of the capacitor C is that when the switching
state of the IGBT is changed, the capacitor may enable
the current in the circuit where the second coil 2 is dis-
posed to change, thereby preventing the current wave-
form of the circuit where the second coil 2 is disposed
form being changed. The functions of the inductor L are
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to prevent the generation of a surge current and protect
the IGBT. Atthe moment when the first coil 1 is connected
to the operating circuit, a peak current, which is a surge
current, is generated in the second coil 2. After the first
coil 1 is connected to the operating circuit, the induced
current generated by the second coil 2 is configured as
a steady-state current, and the value of the surge current
is greater than that of the steady-state current. Thus,
damages may be caused to the IGBT. Therefore, in this
embodiment, L, is configured to prevent the generation
of the surge current to protect the IGBT.

[0046] Inaddition, the thyristor is also a semiconductor
element with a switching function. Moreover, the principle
of regulating the inductance of inductor by a thyristor is
the same as that by an IGBT, which is not repeated here-
in.

[0047] The Triode: the schematic diagram of the triode
is shown in FIG. 7 in which B, C and E are the three
electrodes of the triode respectively. The current from C
to E is expressed as Ic, the current from B to E is ex-
pressed as Ib, and the value of Ic changes as the value
of Ib changes. Therefore, the two electrodes C and E
may be connected to the two ends of the second coil 2
respectively, and then the current in the circuit where the
second coil 2 is disposed is lc. After that, Ic is indirectly
controlled by controlling Ib such that the magnetic flux of
the second coil 2 is changed, and the inductance of the
first coil 1 is also changed accordingly. At this moment,
the inductance of the inductor is regulated.

[0048] In another aspect, the embodiment of the
present disclosure provides a speaker which includes a
frequency divider. The frequency divider includes the
above-mentioned inductor assembly.

[0049] It can be understood by those skilled in the art
that the speaker also has the above advantages of the
inductor assembly. By using the inductor assembly pro-
vided in the present disclosure, a user may regulate the
inductance according to his or her own preference, such
that the frequency divider may better divide the frequen-
cies of the speaker and make the response frequencies
of the speaker become wider.

[0050] The structure of the speaker is common in the
art, and itis also common in the artto provide a frequency
divider and an inductor assembly in the speaker. For ex-
ample, a reference may be made to patents such as the
application No. CN00240314. 5 entitled HIGH-FIDELITY
SPEAKER.

[0051] Described above are merely embodiments of
the present disclosure, and are not intended to limit the
protection scope of the present disclosure. Any modifi-
cations, equivalent substitutions or improvements that
are made within the spirit and principle of the present
disclosure should all be included in the protection scope
of the present disclosure.
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Claims

An inductor assembly, comprising: an inductor and
a current regulating device (5); wherein

the inductor comprises: a first coil (1) and a second
coil (2); wherein

thefirst coil (1)is configured to, after being connected
to an operating circuit, enable the second coil (2) to
generate an induced current; and

two ends of the second coil (2) are connected in se-
ries to the current regulating device (5) by a conduct-
ing wire, and the current regulating device (5) is con-
figured to regulate a magnitude of the induced cur-
rent generated by the second coil (2).

The inductor assembly according to claim 1, wherein
the first coil (1) and the second coil (2) are both air-
core coils; and

the second coil (2) is wound on the first coil (1); or
the first coil (1) is wound on the second coil (2); or
the first coil (1) and the second coil (2) are co-wound.

The inductor assembly according to claim 1, wherein
the inductor assembly further comprises a magnetic
circuit core;

wherein the first coil (1) and the second coil (2) are
both wound on the magnetic circuit core.

The inductor assembly according to claim 3, wherein
the magnetic circuit core comprises a closed mag-
netic circuit core (4); wherein

the first coil (1) is wound on the closed magnetic
circuit core (4), and the second coil (2) is wound on
the first coil (1); or

the second coil (2) is wound on the closed magnetic
circuit core (4), and the first coil (1) is wound on the
second coil (2); or

alternatively, the first coil (1) and the second coil (2)
are co-wound on the closed magnetic circuit core (4).

The inductor assembly according to claim 4, wherein
the closed magnetic circuit core (4) is one of a ring-
shaped core, a double-C-shaped core with notches
butted against each other, and a ring-shaped core
with a slit on a side wall.

The inductor assembly according to claim 3, wherein
the magnetic circuit core comprises: an open mag-
netic circuit core (6); wherein

the first coil (1) is wound on the open magnetic circuit
core (6), and the second coil (2) is wound on the first
coil (1); or

the second coil (2) is wound on the open magnetic
circuit core (6), and the first coil (1) is wound on the
second coil (2); or

the first coil (1) and the second coil (2) are co-wound
on the open magnetic circuit core (6).
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The inductor assembly according to claim 6, wherein
the open magnetic circuit core (6) is a rod-shaped
core.

The inductor assembly according to any one of
claims 1 to 7, wherein the current regulating device
(5) comprises a variable resistor (3) or a rectifier
switching device.

The inductor assembly of claim 8, wherein the rec-
tifier switching device comprises an insulated gate
bipolar transistor, or a thyristor, or a triode.

10. A speaker, comprising a frequency divider, wherein

the frequency divider comprises the inductor assem-
bly as defined in any one of claims 1 to 9.
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