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(54) Title: INDUCTION COIL FOR AN INDUCTION HEATING APPLIANCE

(57) Abstract: The present invention relates to an induction coil for an induction

FIG 1

heating appliance, in particular for an induction cooking hob. The induction coil
comprises at least one base plate (10) and at least one winding arrangement (12). The
winding arrangement (12) includes at least one portion of high winding concentra-
tion (18) and at least one portion of low winding concentration (20). The base plate
(10) is arranged above one or more winding arrangements (12). The base plate (10)
includes at least one conductive portion (14) and at least one non-conductive portion
(16). At least one conductive portion (14) of the base plate (10) is arranged above at
least one portion of high winding concentration (18) of the winding arrangement
(12). At least one non-conductive portion (16) of the base plate (10) is arranged
above at least one portion of low winding concentration (20) of the winding arrange -
ment (12). The conductive portion (14) of the base plate (10) is made by at least one
conductive material. The non-conductive portion (16) of the base plate (10) is made
by at least one non-conductive material and/or formed by at least one cut-out in the
base plate (10). Further, the present invention relates to an induction heating appli-
ance. Moreover, the present invention relates to an induction cooking hob.
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Description

Induction coil for an induction heating appliance

The present invention relates to an induction coil for an induc-—
tion heating appliance, in particular for an induction cooking
hob. Further, the present invention relates to an induction
heating appliance. Moreover, the present invention relates to an

induction cooking hob.

An induction coil is provided for heating up ferromagnetic mat-
ter by eddy currents. In particular, the bottom of a cooking pot
is made of ferromagnetic matter and heated up by the induction
coil. The winding arrangement of the induction coil may have

different shapes in order to satisfy geometric conditions.

Some special shapes of the winding arrangement of the induction
coil result in portions with higher and lower winding concentra-
tions. For example, 1f the ground area of the winding arrange-
ment of the induction coil comprises one or more acute angles,
the low winding concentrations occur in the portion of said
acute angles. Different winding concentrations result in a non-

uniform heat distribution in the ferromagnetic matter.

It is an object of the present invention to provide an induction
coil having a winding arrangement with different winding concen-—
trations, wherein said induction coil allows a uniform heat dis-

tribution.

The object of the present invention is achieved by the induction

coil according to claim 1.
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The present invention provides an induction coil for an induc-
tion heating appliance, in particular for an induction cooking
hob, wherein:

- the induction coil comprises at least one base plate and at
least one winding arrangement,

- the winding arrangement includes at least one portion of
high winding concentration and at least one portion of low
winding concentration,

- the base plate is arranged above one or more winding ar-—
rangements,

- the base plate includes at least one conductive portion and
at least one non-conductive portion,

- at least one conductive portion of the base plate is ar-
ranged above at least one portion of high winding concentra-
tion of the winding arrangement,

- at least one non-conductive portion of the base plate is ar-
ranged above at least one portion of low winding concentra-
tion of the winding arrangement,

- the conductive portion of the base plate is made by at least
one conductive material, and

- the non-conductive portion of the base plate is made by at
least one non-conductive material and/or formed by at least

one cut-out in the base plate.

The core of the present invention is that the non-conductive
portion of the base plate is arranged above a portion of low
winding concentration of the winding arrangement, while the con-
ductive portion of the base plate is made by at least one con-
ductive material. The conductive portion of the base plate re-
acts locally to the magnetic field generated by the portion of
high winding concentration of the winding arrangement, so that
the coupling between the magnetic field and matter being heated
by said magnetic field is reduced. In contrast, the non-

conductive portion of the base plate does not react to the mag-
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netic field generated by the portion of low winding concentra-
tion of the winding arrangement, so that the coupling between

the magnetic field and the matter being heated by said magnetic
field remains unchanged. This results in a uniform heat distri-

bution in the matter being heated by the magnetic field.

Preferably, the base plate covers one winding arrangement or

more adjacent winding arrangements.

According to a preferred embodiment of the present invention the
ground area of the winding arrangement includes at least one
acute angle. In the portion of the acute angle only low winding

concentration of the winding arrangement is possible.

In particular, the ground area of the winding arrangement has a

triangular shape including two or three acute angles.

Further, the triangular ground area of the winding arrangement

may include one right angle.

For example, the induction coil comprises at least one pair of
winding arrangements including one right angle, wherein said
pair of winding arrangements comprises a square or rectangular

ground area.

In this case, the pair of winding arrangements is covered by one

square or rectangular base plate.

Moreover, a plurality of pairs of winding arrangements may be

arranged in a row or as a matrix.

In particular, the conductive material of the base plate in-

cludes metal, preferably aluminium.
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Further, the non-conductive material of the base plate may in-

clude mica.

For example, the base plate is made of a mica sheet, wherein the
conductive portion of said base plate is formed by conductive

windings made of litz wire and deposited on said mica sheet.

According to another embodiment the base plate is made of metal,
preferably aluminium, and the non-conductive portion is formed

by a plurality of cut-outs in said base plate.

Preferably, the non-conductive portion is formed by a plurality

of slots and/or holes.

Furthermore, the base plate may include a plurality of ferrite
elements, wherein the concentration of said ferrite elements in
the non-conductive portion is higher than in the conductive por-
tion. The ferrite elements increase the coupling between the
magnetic field and the matter being heated by said magnetic

field.

At last, the present invention relates to an induction heating
appliance, in particular an induction cooking hob, comprising at

least one induction coil mentioned above.

Novel and inventive features of the present invention are set

forth in the appended claims.

The present invention will be described in further detail with

reference to the drawing, in which

FIG 1 illustrates a schematic top view of a base plate for the
induction coil according to a first embodiment of the

present invention,
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FIG

FIG

FIG

FIG

FIG

FIG

FIG

FIG

illustrates a schematic top view of a winding arrangement
for the induction coil according to a preferred embodi-

ment of the present invention,

illustrates a schematic top view of the base plate for
the induction coil according to a second embodiment of

the present invention,

illustrates a schematic sectional side view of the base
plate for the induction coil according to a first example

of the first embodiment of the present invention,

illustrates a schematic sectional side view of the base
plate for the induction coil according to a second exam-—

ple of the first embodiment of the present invention,

illustrates a schematic sectional side view of the base
plate for the induction coil according to a third example

of the first embodiment of the present invention,

illustrates a schematic sectional side view of a pair of
base plates for the induction coil according to a third

embodiment of the present invention,

illustrates a schematic top view of the base plate for
the induction coil according to a fourth embodiment of

the present invention,

illustrates a schematic top view of two base plates for
the induction coil according to a fifth embodiment of the

present invention, and
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illustrates a schematic top view of a formation of eight

winding arrangements according to the preferred embodi-

ment of the present invention.

FIG 1 illustrates a schematic top view of a base plate 10 for

the induction coil according to a first embodiment of the pre-

sent invention. In this

example, the ground area

of the base

plate 10 is triangular and includes one right angle and two

acute angles.
In general,

bitrary shape,

but at least one acute angle.

The triangular base plate 10 may be equilateral.

the ground area of the base plate 10 may have an ar-—

The base plate 10 includes a conductive portion 14 and a non-

conductive portion 16.

the environment of the right angle.

16 extends over the environments of the acute angles.

The conductive portion 14 extends over

The non-conductive portion

The con-

ductive portion 14 is made of at least one conductive material,

while the non-conductive portion 16 is made of at least one die-

lectric material.

For example,

the conductive portion 14 is made

of aluminium and the non-conductive portion 16 is made of mica.

FIG 2 illustrates a schematic top view 0of a winding arrangement

12 for the induction coil according to a preferred embodiment of

the present invention.

The winding arrangement
ea as the base plate 10
triangular and includes
The winding arrangement
concentration 18 in the
the winding arrangement

concentration 20 in the

12 has substantially the
in FIG 1.

same ground ar-

The winding arrangement 12 is

one right angle and two acute angles.

12 includes a portion of
environment of the right
12 includes two portions

environments of the both

high winding
angle. Further,
of low winding

acute angles.
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Within the induction coil the base plate 10 of FIG 1 is congru-—
ent with the winding arrangement 12 of FIG 2. If the induction
coil is a part of an induction coocking hob, then the base plate
10 of FIG 1 is arranged above and covers the winding arrangement
12 of FIG 2. Thereby, the conductive portion 14 of the base
plate 10 covers the portion of high winding concentration 18 of
the winding arrangement 12. In a similar way, the non-conductive
portion 16 of the base plate 10 covers the portions of low wind-

ing concentration 20 of the winding arrangement 12.

The conductive portion 14 of the base plate 10 reacts locally to
the magnetic field generated by the portion of high winding con-
centration 18 of the winding arrangement 12, so that the cou-
pling between the magnetic field and matter being heated by said
magnetic field is reduced. In contrast, the non-conductive por-
tions 16 of the base plate 10 do not react to the magnetic field
generated by the portion of low winding concentration 20 of the
winding arrangement 12, so that the coupling between the magnet-
ic field and the matter being heated by said magnetic field re-
mains unchanged. This allows a uniform heat distribution. For
example, the matter being heated by the magnetic field is the

bottom of a cooking pot.

FIG 3 illustrates a schematic top view of the base plate 10 for
the induction coil according to a second embodiment of the pre-

sent invention.

The base plate 10 of the second embodiment is substantially the
same as the base plate 10 shown in FIG 1, but comprises addi-
tionally a number of ferrite elements 22. In this example, the
base plate 10 comprises nine ferrite elements 22. The ferrite
elements 22 are arranged above the base plate 10. The spatial
density of the ferrite elements 22 above the conductive portion

14 of the base plate 10 is smaller than their spatial density
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above the non-conductive portions 16 of said base plate 10. The
ferrite elements 22 are concentrated above the non-conductive
portions 16 of the base plate 10. The ferrite elements 22 in-
crease the coupling between the magnetic field and the matter

being heated by said magnetic field.

FIG 4 illustrates a schematic sectional side view of the base 10
plate for the induction coil according to a first example of the
first embodiment of the present invention. In this example, the

conductive material is integrated inside a sheet made of dielec-—
tric material. The conductive material inside the dielectric ma-
terial extends over the conductive portion 14 of the base plate

10. In the non-conductive portion 16 the sheet made of dielec-

tric material does not contain any conductive material. For ex-
ample, the dielectric material is mica, while the conductive ma-
terial is litz wire inside the sheet made of mica. In this exam-
ple, the layer thickness of the conductive material is marginal-
ly smaller than the layer thickness of the sheet made of dielec-—

tric material.

FIG 5 illustrates a schematic sectional side view of the base
plate 10 for the induction coil according to a second example of
the first embodiment of the present invention. In this example,
the conductive material is arranged inside and below the sheet
made of dielectric material. The conductive material inside and
below the dielectric material extends over the conductive por-
tion 14 of the base plate 10, while the dielectric material in
the non-conductive portion 16 of the base plate 10 does not con-—
tain any conductive material. In this example, the conductive
material has about the double layer thickness as the sheet made

of dielectric material.

FIG 6 illustrates a schematic sectional side view of the base

plate 10 for the induction coil according to a third example of
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the first embodiment of the present invention. In this example,
the conductive material is integrated inside an upper portion of
the sheet made of dielectric material. The conductive material
inside the dielectric material extends over the conductive por-
tion 14 of the base plate 10. In the non-conductive portion 16
the sheet made of dielectric material does not contain any con-
ductive material. In this example, the conductive material has
about the half layer thickness as the sheet made of dielectric

material.

FIG 7 illustrates a schematic sectional side view of a pair of
base plates 10 for the induction coil according to a third em-
bodiment of the present invention. In the third embodiment the
pair of base plates 10 i1s used instead of one single base plate.
The base plates 10 have the same ground areas and are arranged
on top of each other. The conductive material is attached at the
bottom side of an upper base plate 10 and upon the top side of a
lower base plate 10. The conductive material is arranged below
the upper base plate 10 and upon the lower base plate 10. The
conductive materials attached at the base plates 10 extend over
the conductive portions 14 of said base plates 10, while the di-
electric materials in the non-conductive portions 16 of the base

plates 10 are not coated by any conductive material.

FIG 8 illustrates a schematic top view of the base plate 10 for
the induction coil according to a fourth embodiment of the pre-
sent invention. The base plate 10 has a triangular ground area.
In particular, the base plate 10 is provided for covering the

winding arrangement 12 shown in FIG 2.

The base plate 10 is made of one or more conductive materials,
e.g. aluminium. The base plate 10 includes a plurality of slots
24. The slots 24 in the base plate of the fourth embodiment are

arranged in a portion corresponding with the non-conductive por-
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tions 16 of the base plates 10 of the first and second embodi-

ments. The portion of the base plate 10 of the fourth embodiment
without slots 24 corresponds with the conductive portions 14 of
the base plates 10 of the first and second embodiments. In con-
trast, the portion of the base plate 10 of the fourth embodiment
with slots 24 corresponds with the non-conductive portions 16 of
the base plates 10 of the first and second embodiments. The base
plate 10 of the fourth embodiment includes the slots 24 instead

the dielectric material the first and second embodiments.

The portion of the base plate 10 with slots 24 reacts locally to
the magnetic field generated by the portion of high winding con-
centration 18 of the winding arrangement 12, so that the cou-
pling between the magnetic field and matter being heated by said
magnetic field is reduced. In contrast, the portion of the base
plate 10 with the slots 24 do not or less react to the magnetic
field generated by the portion of low winding concentration 20
of the winding arrangement 12, so that the coupling between the
magnetic field and the matter being heated by said magnetic
field remains unchanged. The arrangement of the slots 24 allows

a uniform heat distribution.

Furthermore, the slots 24 may be combined with the non-

conductive portions 16. Thus, the base plate 10 may include the
non-conductive portions 16 made of dielectric material as well
as the slots 24. The dielectric material and the slots 24 have

similar effects in view of the magnetic field.

FIG 9 illustrates a schematic top view of two base plates 10 for
the induction coil according to a fifth embodiment of the pre-
sent invention. The both base plates 10 in FIG 9 differ in the
details of the geometric arrangements of the slots 24. However,
the both base plates 10 in FIG 9 cause substantially the same

physical effect.

10
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The base plates 10 in FIG 9 have square shapes. Each square base
plate 10 in FIG 9 corresponds with two composite triangular base
plates 10 of FIG 8. In particular, each base plate 10 in FIG 9
is provided for covering two triangular winding arrangements 12
shown in FIG 2, wherein said winding arrangements 12 are ar-—

ranged side-by-side, so that they form a square ground area.

FIG 10 illustrates a schematic top view of a formation of eight
winding arrangements 12 according to the preferred embodiment of
the present invention. Four pairs of winding arrangements 12 are
arranged as a two-by-two matrix. Each pair of winding arrange-
ments 12 form a square ground area. The square base plates 10 of
FIG 9 are provided for covering a pair of winding arrangements
12 in each case and/or the triangular base plates 10 of FIG 1,
2, 3 and/or 8 are provided for covering a single winding ar-

rangements 12 in each case.

Although illustrative embodiments of the present invention have
been described herein with reference to the accompanying draw-—
ing, it is to be understood that the present invention is not
limited to those precise embodiments, and that various other
changes and modifications may be affected therein by one skilled
in the art without departing from the scope or spirit of the in-
vention. All such changes and modifications are intended to be
included within the scope of the invention as defined by the ap-

pended claims.

11



WO 2016/177576 PCT/EP2016/058721

List of reference numerals

10 base plate

12 windings

14 conductive portion

16 non-conductive portion

18 portion of high winding concentration
20 portion of low winding concentration
22 ferrite element

24 slot

12
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Claims

1. An induction coil for an induction heating appliance, in
particular for an induction cooking hob, wherein:
- the induction coil comprises at least one base plate
(10) and at least one winding arrangement (12),

- the winding arrangement (12) includes at least one por-

10

15

20

25

30

tion of high winding concentration (18) and at least
one portion of low winding concentration (20),

- the base plate (10) is arranged above one or more wind-
ing arrangements (12),

- the base plate (10) includes at least one conductive
portion (14) and at least one non-conductive portion
(16),

- at least one conductive portion (14) of the base plate
(10) is arranged above at least one portion of high
winding concentration (18) of the winding arrangement
(12),

- at least one non-conductive portion (16) of the base
plate (10) is arranged above at least one portion of
low winding concentration (20) of the winding arrange-
ment (12),

- the conductive portion (14) of the base plate (10) is
made by at least one conductive material, and

- the non-conductive portion (16) of the base plate (10)
is made by at least one non-conductive material and/or
formed by at least one cut-out (24) in the base plate

(10) .

The induction coil according to claim 1,
characterized in that
the base plate (10) covers one winding arrangement (12) or

more adjacent winding arrangements (12).

13
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The induction coil according to claim 1 or 2,
characterized in that
the ground area of the winding arrangement (12) includes at

least one acute angle.

The induction coil according to any one of the preceding
claims,

characterized in that

the ground area of the winding arrangement (12) has a trian-

gular shape including two or three acute angles.

The induction coil according to claim 4,
characterized in that
the ground area of the winding arrangement (12) includes one

right angle.

The induction coil according to claim 5,

characterized in that

the induction coil comprises at least one pair of winding
arrangements (12) including one right angle, wherein said
pair of winding arrangements (12) comprises a square Or rec-—

tangular ground area.

The induction coil according to c¢laim 6 or 7,
characterized in that
the pair of winding arrangements (12) is covered by one

square or rectangular base plate (10).

The induction coil according to c¢laim 6 or 7,
characterized in that
a plurality of pairs of winding arrangements (12) are ar-

ranged in a row or as a matrix.

The induction coil according to any one of the preceding

14
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10.

11.

12.

13.

14.

claims,
characterized in that
the conductive material of the base plate (10) includes met-

al, preferably aluminium.

The induction coil according to any one of the preceding
claims,

characterized in that

the non-conductive material of the base plate (10) includes

mica.

The induction coil according to any one of the preceding
claims,

characterized in that

the base plate (10) is made of a mica sheet, wherein the
conductive portion (14) of said base plate (10) is formed by
conductive windings made of litz wire and deposited on said

mica sheet.

The induction coil according to any one of the claims 1 to
9,

characterized in that

the base plate (10) is made of metal, preferably aluminium,
and the non-conductive portion (16) is formed by a plurality

of cut-outs (24) in said base plate (10).

The induction coil according to claim 12,
characterized in that
the non-conductive portion (16) is formed by a plurality of

slots (24) and/or holes.

The induction coil according to any one of the preceding
claims,

characterized in that

15
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15.

the base plate (10) includes a plurality of ferrite elements

(22), wherein the concentration of said ferrite elements
(22) in the non-conductive portion (16) is higher than in

the conductive portion (14).

An induction heating appliance, in particular an induction
coocking hob, comprising at least one induction coil,
characterized in that

the induction cooking hob comprises at least one induction

coil according to any one of the claims 1 to 14.

16
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