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Description

[0001] The present invention relates to an inductive
component and to a method for building an inductive
component.

[0002] Inductive components, in particular inductors,
also known as chokes, and transformers, are usually
manufactured using one or more windings of a conduc-
tive material and a magnetic core of a magnetic material,
that is of a material with a relative permeability higher
than one. The windings and the core are assembled in
such a way that the magnetic field generated by the
electrical current in the windings causes a magnetic flux
to flow within the magnetic core. The use of magnetic
cores allows for building inductive components with
much higher inductivity than that of air-core inductive
components, i.e. inductive components without any
magnetic core, having the same windings.

[0003] Electrical systems often require the use of a
plurality of inductive components, which can in some
cases be built into one single assembly. In other words,
it's sometimes possible to integrate multiple inductive
components into one. In three-phase electrical systems
for example, inductors and transformers in which the
chokes for all three phases are combined into a single
inductive component were commonly used. An example
of a prior art three-phase inductor is schematically illus-
trated in fig. 1. This inductive component comprises
three windings 21, 22 and 23, made out of a conductive
material such as copper wire for example, each winding
21, 22, 23 being wound around one of the three parallel
branches of the magnetic core 1. Such an assembly is
very compact from the packaging and the assembly
points of view as all three chokes with the windings 21,
22 and 23 respectively, share the same magnetic core
1, as well as the same mounting structures and connec-
tors.

[0004] The magnetic paths 51 and 52 for the magnetic
flux induced in the magnetic core 1 by a current in the
first winding 21 of this prior art inductor are illustrated in
fig. 2, from where it can be seen that the windings 21,
22 and 23 are magnetically coupled together: the mag-
netic flux generated by the first winding 21 flows through
the other two windings 22 and 23 as well. The electrical
circuits connected to the windings 21, 22 and 23 are thus
also coupled together.

[0005] The interrelation, or flux coupling, between
windings for different phases isn't always desired in to-
day's electrical systems, even in today's three-phase
electrical systems. The prior art three-phase choke il-
lustrated in fig. 1 and in fig. 2 is mainly intended to be
used with sinusoidal, non-switched currents and voltag-
es as was the case for most early three-phase electrical
systems. Its design is thus based on the assumption that
the sum of all phase currents at every moment is equal
to zero. In today's power electronic equipments, such
as three-phase pulse width modulated (PWM) motor
drives for example, this assumption is often not met and
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the coupling between the different phases of the elec-
trical system may result into parasitic, non-intended cur-
rents flowing in the windings.

[0006] Another drawback of the multiphase inductor
represented in fig. 1 and in fig. 2 is that it doesn't provide
much attenuation against the so called "common mode
currents”, which are parasitic currents flowing in the
same direction in all the windings of the inductive com-
ponent, the sum of which isn't thus equal to zero. Com-
mon mode currents are the main reason for many elec-
tromagnetic interference problems.

[0007] A further drawback of prior art integrated in-
ductive components such as the one illustrated in fig. 1
is that their magnetic core is specifically designed to be
used with a determined number of windings, thus imply-
ing the manufacture of magnetic cores of different
shapes in order to build integrated inductive compo-
nents for use in two-, three- or other multiphase electri-
cal systems.

[0008] The common prior art solution in order to avoid
the drawbacks mentioned above is to use one single-
phase inductive component 1' for each phase of the mul-
tiphase electrical system, as illustrated in fig. 3. This so-
lution however has the major disadvantage of being
costly and voluminous.

[0009] An aim of the present invention is thus to pro-
vide a compact inductive component for use in mul-
tiphase systems avoiding magnetic flux coupling be-
tween the different phases.

[0010] Another aim of the present invention is thus to
provide a compact inductive component for use in mul-
tiphase systems allowing for a significant attenuation of
common mode currents.

[0011] Another aim of the present invention is to pro-
vide a method for building an inductive component eas-
ily adapted for use in different multiphase systems.
[0012] These aims are achieved with an inductive de-
vice and a method for building inductive devices having
the characteristics described in the corresponding inde-
pendent claims, advantageous variant embodiments
being given by the dependant claims.

[0013] In particular, these aims are achieved by an in-
ductive component comprising a magnetic core and a
plurality of windings, the inductive component consist-
ing of an assembly of stack elements each comprising
at least one winding and at least one core element, the
shortest magnetic path for the magnetic flux induced by
the winding or windings of at least one of the stack ele-
ments going through part of at least one core element
of another stack element without going through any
winding of this other stack element, and by a method
and a set of core elements for building such an inductive
component.

[0014] The presentinvention will be better understood
with the help of the following description illustrated by
the figures 1 to 8, where:

Previously discussed fig. 1 is a prior art three-phase
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inductive component;

Previously discussed fig. 2 shows the paths of the
magnetic flux within the magnetic core of the induc-
tive component of fig. 1;

Previously discussed fig. 3 is a prior art solution for
implementing inductive components in a three-
phase system;

Fig. 4 shows a preferred embodiment of a three-
phase inductive component according to the inven-
tion;

Fig. 5 shows the paths of the magnetic flux in the
magnetic core of the inductive component of fig. 4;

Fig. 6 shows a variant embodiments of a three-
phase inductive components according to the in-
vention;

Fig. 7 shows an inductive component according to
the invention integrating three differential mode
chokes and one common mode choke;

Fig. 8 is a top view of an inductive component ac-
cording to the invention enclosed in an aluminium
profile.

[0015] In athree-phase inductive component accord-
ing to a preferred embodiment of the invention illustrated
in fig. 4, each of the three windings 24, 25 and 26 is
placed around the middle branch of an E-shaped core
element 11, 12, respectively 13 made of a magnetic ma-
terial, thus forming three stack elements. The three
stack elements 11 and 24, 12 and 25 and 13 and 26 are
then assembled such as to build a single inductive com-
ponent integrating three chokes, whereas the common
magnetic material, i.e. all the parts of the assembled
magnetic core within which the fluxes of more than one
choke can potentially flow, is situated in regions outside
either one of the three windings 24, 25 or 26. An |-
shaped core element 14 is additionally used to close the
flux paths of the third choke with winding 26.

[0016] The core elements 11, 12, 13, 14 used in this
illustrative example are E- and I-shaped core elements.
The one skilled in the art will however recognize that
other shapes can be used for the basic elements, such
as U-or pot-shaped core elements for example, in order
to build for instance an inductive component integrating
chokes having different mechanical and/or electrical
properties.

[0017] The magnetic flux paths within the three-phase
inductive component according to the preferred embod-
iment of the invention are illustrated in more detail in fig.
5. Current is assumed to flow in the first and second
windings 24 and 25, inducing the fluxes 55, 56 and 57,
58 respectively. The fluxes 55 and 56 induced by the
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current in the first winding 24 find their shortest paths
through the external branches of the first E-shaped core
element 11. Only a small amount of these fluxes, thus
not represented in fig. 4, flows through the external
branches of the second and/or third E-shaped core el-
ements 12 and/or 13, resulting in very small magnetic
coupling between the chokes. In a similar way, the fluxes
57 and 58 induced by the current in the second winding
25 travel in the external branches of the second E-
shaped core element 12 only and don't create significant
magnetic coupling with the first and third chokes with
the windings 24 and 26 respectively. Magnetic coupling
between the different chokes of a multiphase inductive
component according to the invention is thus negligible.
As a result of the negligible coupling between the phas-
es, the multiphase magnetic structure provides imped-
ance, thus attenuation, against common mode currents
as well.

[0018] A further advantage of a multiphase inductive
component according to the invention is that as the flux-
es from different phases such as the fluxes 55, 56 on
the one side and fluxes 57, 58 on the other side still
share some magnetic material along their paths, the to-
tal amount of required magnetic material is reduced
compared to the total amount of magnetic material re-
quired for building three totally independent chokes as
illustrated for example in fig. 3. Because in a three-
phase system, for example, the phases of the peak cur-
rents, and therefore of the peak flux densities, are shift-
ed by approximately 120 degrees, it is only necessary
to provide enough common magnetic material for the
peak value of one individual phase. The common mag-
netic material is thus efficiently shared between the dif-
ferent phases: one phase after another and not simul-
taneously. For example, by comparing the core material
required for building the configurations illustrated in fig.
5 and in fig. 3, one can see that an amount of magnetic
material corresponding to two I-shaped core elements,
representing approximately 20% of the total magnetic
core material, is saved by building an inductive compo-
nent according to the invention, due to the sharing of
magnetic material between the phases.

[0019] From a manufacturing point of view, the as-
sembly of core elements according to the invention is
also very efficient since a reduced set of basic magnetic
core elements which can be mass-manufactured as
standard building blocks can be stacked together in very
different ways in order to build many different inductive
components. Fig. 6 shows for example how just one sin-
gle type of E-shaped core element and one single type
of I-shaped core element are used for building three-
phase inductive components 6 and 7 having different
characteristics. In this example, the core elements are
laid next to each other. The one skilled in the art will
however recognize that the core elements can also be
stacked on top of each other in order to build inductive
components with different configurations.

[0020] The different core elements of an inductive
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component according to the invention can also be made
of different materials having different magnetic proper-
ties, in order for example to adapt the electrical charac-
teristics of the inductive component to the needs of a
specific application.

[0021] The one skilled in the art will easily recognize
that the inductive components according to the inven-
tion are not limited to three-phase electrical systems.
Other multiphase inductive components can be built by
assembling different numbers of stack elements, thus
building inductive components to be used for instance
in a two- or four-phase electrical system.

[0022] According to the application, at least some
windings of the inventive inductive component can be
electrically connected to each other in order to form an
electrical circuit having some required characteristics,
such as for example higher current capacity in that two
or more windings are connected in parallel and/or higher
inductance in that two or more windings are connected
in series.

[0023] The core elements can also be assembled in
order to integrate different types of inductors. Fig. 7
shows for example how three differential chokes 211,
212 and 213 and one common mode choke structure
214,215, 216 are integrated in the same inductive com-
ponent 8 by assembling the same core elements in a
different manner as previously shown. The differential
mode chokes 211, 212 and 213 and the common mode
chokes 214, 215 and 216 can either be connected to the
same electrical circuit or can each belong to totally sep-
arated electrical circuits.

[0024] The one skilled in the art will thus recognize
that the configuration possibilities are very numerous
and different. The inductive component according to the
invention is thus built by the assembly of a certain
number of possibly different stack elements made of
one or more core elements and of one or more windings,
the core elements and the windings of each stack ele-
ment being arranged so as to obtain the desired electri-
cal and/or mechanical properties for the corresponding
stack element. According to the invention, the shortest
magnetic path for the magnetic flux generated by the
winding or windings of one of the stack elements goes
through at least part of the core element of another stack
element, without going through any of the windings of
this other stack element.

[0025] The shortest magnetic path is the path having
the lowest reluctance. In the case for instance of a mag-
netic core assembly having homogenous permeability
characteristics, the shortest magnetic path will usually
correspond to the physically shortest path, such as the
shortest magnetic paths represented for the fluxes 55,
56, 57 and 58 in the example of fig. 5. It can usually be
considered that only a very small part of the magnetic
fluxes follow other paths than the shortest magnetic
path, thus resulting, in the inventive inductive compo-
nent, in very low magnetic coupling between at least two
windings of different stack elements. In other words, at
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least two of the stack elements share some of their mag-
netic material, with their chokes being magnetically very
weakly coupled.

[0026] The inductive component of fig. 4, for example,
is thus constituted of three stack elements. The first
stack element being made of the core element 11 and
the winding 24, the second stack element being made
of the core element 12 and the winding 25 and the third
stack element including the core elements 13 and 14 as
well as the winding 26. The inductive components rep-
resented in fig. 6 are also assemblies of three stack el-
ements, whereas the inductive component of fig. 7 is an
assembly of four stack elements, one of them having a
completely different configuration from that of the other
three.

[0027] The magnetic material used for the core ele-
ments is preferably any magnetic material such as steel,
ferrite, iron powder, sinter metal, amorphic or nanocrys-
talline material.

[0028] The assembled core elements forming the
magnetic core of the inductive component are prefera-
bly assembled and held together by some assembly
means.

[0029] In a preferred embodiment illustrated in fig. 8,
the assembled core elements 10 and windings 20 are
for example hosted in a frame 3, for example in an alu-
minium profile holding all the parts of the inductive com-
ponent together. The frame additionally preferably com-
prises cooling elements, such as for instance radiators
30, in order to provide the inductive component with
cooling.

[0030] In a variant embodiment, the core elements
are for instance held together by gluing them to each
other with a preferably magnetic adhesive material. In
still another variant embodiment, the core elements
comprise profiles designed to cooperate with corre-
sponding profiles on the other core elements. The core
elements can then be attached to each other through
these profiles.

[0031] The above examples are illustrative but not
limiting examples: the one skilled in the art will easily
recognize that other types of assembly means can be
used in order to hold the core elements together and
provide the inductive element with mechanical stability.
In particular, the core elements can be assembled using
various mechanical means such as for example bolts
inserted through the entire core assembly.

Claims

1. Inductive component comprising a magnetic core
and a plurality of windings (24, 25, 26), said induc-
tive component consisting of an assembly of stack
elements each comprising at least one winding (24,
25, 26) and at least one core element (11, 12, 13),

characterized in that the shortest magnetic
path (55, 56) for the magnetic flux induced by the
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winding (24) or windings of at least one of said stack
elements goes through part of at least one core el-
ement (12) of another one of said stack elements
without going through any winding (25) of said an-
other one of said stack elements.

Inductive component according to the preceding
claim, each winding of said plurality of windings (24,
25, 26) being arranged around a branch of one core
element of said plurality of core elements (11, 12,
13).

Inductive component according to one of the pre-
ceding claims, wherein said plurality of windings
(24, 25, 26) and said plurality of core elements (11,
12, 13) are assembled to build a plurality of chokes.

Inductive component according to one of the pre-
ceding claims, further comprising assembly means
(30) for assembling said stack elements.

Inductive component according to the preceding
claim, said assembly means comprising a frame (3)
holding said plurality of core elements together.

Inductive component according to the preceding
claim, said frame comprising cooling means (30).

Inductive component according to claim 4, said as-
sembly means comprising a magnetic adhesive
material.

Inductive component according to claim 4, said as-
sembly means comprising profiles on each core el-
ement of said plurality of core elements designed
to cooperate with other profiles on other core ele-
ments of said plurality of core elements.

Inductive component according to one of the pre-
ceding claims, said core elements being made of E-
and I-shaped core elements (11, 12,13,14).

Inductive component according to one of the pre-
ceding claims, said core elements comprising U-
shaped core elements.

Inductive component according to one of the pre-
ceding claims, said core elements comprising pot-
shaped core elements.

Method for building an inductive component com-
prising a plurality of windings (24, 25, 26) and one
magnetic core, said method comprising the steps
of:

building stack elements by arranging at least
one winding (24, 25, 26) and at least one core
element (11, 12, 13) for each stack element,
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13.

14.

15.

16.

17.

assembling said stack elements such that the
shortest magnetic path (55, 56) for the magnet-
ic flux induced by the winding (24) or windings
of at least one of said stack elements goes
through part of at least one core element (12)
of another one of said stack elements without
going through any winding (25) of said another
one of said stack elements.

Set of core elements comprising a plurality of E-
shaped, I|-shaped, U-shaped and/or pot-shaped
core elements and assembly means (3) for assem-
bling a plurality of core elements (11, 12, 13, 14) in
said set for building an inductive component com-
prising a magnetic core and a plurality of windings
(24, 25, 26), said inductive component consisting of
the assembly of stack elements each comprising at
least one winding and at least one core element,
wherein the shortest magnetic path (55, 56) for the
magnetic flux induced by the winding (24) or wind-
ings of at least one of said stack elements goes
through part of at least one core element (12) of an-
other one of said stack elements without going
through any winding (25) of said another one of said
stack elements.

Set according to the preceding claim, said assem-
bly means comprising a frame (3) holding said stack
elements together.

Set according to the preceding claim, said frame
comprising cooling means (30).

Set according to claim 13, said assembly means
comprising a magnetic adhesive material.

Set according to claim 13, said assembly means
comprising profiles on each core element of said
plurality of core elements designed to cooperate
with other profiles on other core elements of said
plurality of core elements.
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