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(57) Abstract: Magnetic heating device comprising en-
ergy feeding means, control means and at least two mag-
neticfield generators, where each magnetic field gener-
ator comprises two free ends. All free ends of the mag-
netic field generators define a plane and that the con-
trol means is adapted to control the feeding means to
apply magnetic field generating energy to the magnetic
field generators to generate alternating magnetic fields,
wherein a ferromagnetic material positioned in a space
defined above said plane is heated. The generated mag-
netic fields being such that the magnetic field through
oneof said free ends has an opposed direction as com-
pared to the magnetic fields through theother free ends.
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Title
Magnetic heating device

Field of the invention

The present invention relates to a heating device according to the preamble of

the independent claims and comprises generally a novel device for heating

metallic parts, and also, more specifically, a magnetic heating device for heating

a heating means.

Background of the invention

It has been known that there are only a few basic mechanisms, systems or
methods for creating heat in a metallic part. Convection heating can be used
which may include direct flame, immersion, radiation, electrical resistance
where the heating of the metal is caused by the flow of the electricity and heat

may be created by mechanical stresses or friction. Included among these has

magnetic field so that an induced current is present in the metal. This induced
current heats the metal because of resistive losses similar to any electrical
resistance heating. The coil normally becomes heated and must be cooled in
order to make the heating of the workpiece as effective as possible. The density
of the induced current is greatest at the surface of the workpiece and reduces as
the distance from the surface increases. This phenomenon is known as the skin
effect and is important because it is only within this depth that the majority of
the total energy is induced and is available for heating. Typical maximum skin
depths are three to four inches (8-10 cm) for low frequency applications. In all
induction heating applications, the heating begins at the surface due to the eddy

currents and conduction carries heat into the body of the workpiece.

Another method of heating metal parts using magnetic fields is called transfer
flux heating. This method is commonly used in heating relatively thin strips of
metal and transfers flux heat by a rearrangement of the induction coils so that

the magnetic flux passes through the workpiece at right angles to the workpiece

rather than around the workpiece as in normal induction heating. Magnetic flux
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passing through the workpiece induces flux lines to circulate in the plane of the

strip and this results in the same eddy current loss and heating of the

workpiece.

In US-5,025,124 is disclosed an electromagnetic device for heating metal
elements where the heating is accomplished by utilizing a magnetic loop for
creating a high density alternating magnetic field in a metal part to be heated.
The US-patent is based on the knowledge of replacing, in a magnetic loop, a part
of the magnetic core by the metal part to be heated. In this known method the
metal part is placed between the magnetic poles and may not be used in

applications where it is desired to heat the metal parts from one side.

In US-4,621,177 an inductor configuration for eddy current heating in the
papermaking process is known. A row of electromagnets are mounted
immediately adjacent a roll of magnetic flow conducting material, such as iron or
steel, to heat the roll surface as desired. A coil, concentrically arranged in each

electromagnet, is fed by a DC or AC power supply that results in that equally

directed magnetic fields are achieved for all electromagnets.

EP-A2-0,776,146 relates to an induction dryer and magnetic separator adapted
to heat metal can closures inductively by placing them in a high-frequency,
oscillating magnetic field generated by an induction coil wrapped around a high-
permeability, low-conductivity core. The core is shaped and oriented so that its

two magnetically opposite poles direct magnetic flux in a concentrated manner

from the coil along a path which passes through the can closures.

The object of the present invention is to achieve an improved heating device that

enables an even heating of metal parts, e.g. planar metal sheets, essentially from

one side.

summary of the invention
The above-mentioned object is achieved by the present invention according to

the independent claims.

Preferred embodiments are set forth in the dependent claims.
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The present invention is based on a principle where the metal part is heated
from one side by turning the magnetic field 90 degrees with regard to the
magnetic field generated by the magnetic field generator.

This result in that the magnetic field runs in the direction of the ferromagnetic
material and then is deflected once again 90 degrees to a magnetic “receiver”, i.e.
an identical magnetic field generator having an opposite direction of the
magnetic field. This counter-directed field is generated by reversing the polarity

for one of the magnetic coils of the magnetic field generator.

Alternatively the polarities for two of the four magnetic coils in a magnetic

module are reversed.

According to a first group of embodiments the heating device is a separate unit
adapted to be held or fasten against, in a permanent or provisional way, a

ferromagnetic material to be heated.

According to a second group of embodiments the heating device includes a

heating means, preferably in the form of planar sheets, permanently fasten to

the heating means.

The present invention has solved many problems of the technique used today,
e.g. high-energy consumption due to indirect heating via electrical heating wires.
Another drawback with many prior art methods is the uneven heating

independent of the used heating method.

The present invention solves the problem with uneven heating by controlling the

magnetic fields in a symmetrical fashion over the whole metal surface to be
heated.
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Short description of the appended drawings

Figure 1 shows, from above, a schematic illustration of a number of magnetic

modules according to the i)resent invention;
Figure 2 shows, from below, a schematic illustration of a number of magnetic
modules according to the present invention;
Figure 3 shows a cross-sectional view and a view from above of one magnetic

module according to present invention:

Figure 4 shows an exploded view of a magnetic module including a heating

means;
Figure S is an illustration of the heating device that includes one magnetic
module and provided with a heating means:

Figures 6 and 7 schematically illustrate the magnetic field deflections in a
magnetic module, seen from above, during opposite phases of a cycle, and
Figures 8 and 9 schematically illustrate in cross-sectional views the magnetic

tield deflections along B-B and A-A in figure 6, respectively.

Like numbers refer to like elements throughout the description of the drawings.

Detailed description of preferred embodiments of the invention

In figure 1 is shown a schematic illustration of a heating device including a
number of magnetic modules. Each magnetic module includes two magnetic
field generators.

Fach magnet field generator includes a U-shaped magnetic core 1 provided with
two magnetic coils 2. Each magnetic field generator has two free ends 6 (only
some are indicated in the figure). In figure 1 is arranged three rows of magnetic

modules with four modules in each row.

Figure 2 shows, from below, a schematic illustration of a number of magnetic

modules as shown in figure 1.

Figure 3 shows a cross-sectional view and a view from above of one magnetic
module according to present invention. In figure 3 is also included a heating
means comprising a planar sheet that includes an upper ferromagnetic sheet 5

and a lower paramagnetic sheet 4.
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The magnetic core may, alternatively, have any geometrical form provided that

the magnetic core has two free ends in the same plane and that the magnetic

core together with the ferromagnetic material to be heated forms a closed

magnetic loop. Among possible geometrical form may be mentioned a V-shaped

core, an asymmetrical U-shaped core.

The magnetic core may consist of laminated silicon sheets, e.g. so called

transformer core sheet, or loose powder sintered magnetic material.
The metal to be heated is placed on or close to the magnetic field generators.

According to one preferred embodiment of the present invention the magnetic

modules are in direct contact to the metal part of ferromagnetic material to be
heated.

According to a second preferred embodiment of the present mmvention there is an
air-gap or a sheet made of a dielectrical material defining a predetermined

distance between the magnetic modules and the metal part to be heated.

The thickness of the air-gap (or the dielectrical sheet) is determined in relation to
the intended application of the heating device.

Generally, the square of the thickness of the air-gap influences the total
thickness of the metal part (the thickness of the metal sheets) up to a maximum

total thickness (air-gap and metal part) of 90 mm, given an air-gap of 9 mm.

In one preferred embodiment an air-gap of 1 or 2 mm was chosen in
combination with a ferromagnetic material, e.g. iron, of 4 mm and a
paramagnetic material (aluminium) of 2 mm. Other combinations are naturally

possible.

One presumption for the present invention is that the metal part to be heated is
a ferromagnetic material, e.g. iron, cast iron, magnetic stainless steel and all

alloys that include iron.
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In one first group of embodiments the magnetic heating device is a separate unit

vis-a-vis the metal part to be heated. In this case the heating device then is
adapted to be held against, permanently or provisionally fasten, to the metal

part to be heated. There are many different possible applications for this group

S of embodiments.

In a second group of embodiments the metal part has the form of a heating
means, preferably a planar sheet, permanently arranged on or close to the free
ends of the magnetic cores of the magnetic modules. This group of embodiments

10 have many different applications, €.g. in frying hob arrangements where the

planar sheet of iron is used as a frying surface.

For both groups of embodiments the defined plane may either be straight, i.e.
the free ends in said defined plane are in the same level, or curved, where the

15 curved plane is adapted to the particular application. A curved plane may have
the shape of a part of a cylindrical wall or be a part of a spherical wall. Other
geometrical shapes are naturally possible provided that the radius of the curved
plane not is too small in relation to the application. Theoretically the maximal
radius for one magnetic field generator corresponds to 90 degrees. In practice, if

20 the radius is greater than 45 degrees instead two magnetic field generators are
used. If a curve radius of 90 degrees is required two magnetic field generators,
c.g. U-shaped, are arranged with an angle between the vertical planes of the

cores of 45 degrees.

25  According to the second group of embodiments the metal part in the form of a
planar sheet means preferably comprises two sheets, one upper sheet of a
ferromagnetic material, e.g. iron, and a lower sheet of a paramagnetic material,

e.g. aluminium.

30 The metal part in the form of a planar sheet may also comprise only a single

sheet made from a ferromagnetic material.

The combination of ferromagnetic and paramagnetic materials for the sheets

constituting the heating means may vary both regarding the choice of material
35 and the thickness of the sheet.
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By combining a paramagnetic material and a magnetic material the advantage 1s

achieved that the paramagnetic material has a repelling effect, i.e. the H-field is
symmetrically spread in the sheets that contribute to the even heating of the
heating means. The combination of the paramagnetic and ferromagnetic

materials also obtains a shield that prevents the electromagnetic field to be

spread.

In one preferred embodiment the planar heating means, e.g. two metal sheets,
are arranged 1n a plane defined by the free ends of the magnetic cores of the
magnetic modules. The lower sheet is a 2 mm sheet of aluminium and the upper
sheet is a 4 mm sheet of iron.

Preterably, the two sheets are floating with respect to each other, i.e. they are
not fastened (fixed) to each other in order to avoid material stresses related to
the different thermal expansions.

Alternatively, in some application it would be advantageous to have the sheets

fixed to each other by e.g. welding.

As discussed above an air-gap may be provided for between the free ends of the
magnetic cores and the planar sheet means. In an alternative embodiment a
dielectric sheet, e.g. silicone, may be arranged in the air gap with the purpose of
obtaining a thermal insulation of the magnetic modules from the heat generated

in the metal part.

One factor that is important in order to achieve even heating is how the
magnetic coils are arranged at the magnetic cores.

In order to generate a magnetic field in the magnetic core of the magnetic field
generator one or many magnetic coils are arranged at the core. Advantageously
two coils are used on each core. However, it is naturally possible to achieve the
magnetic field in the magnetic core by many other structural arrangements of
the coils, where both the number of used coils and also the location on the core
may vary. For example, only one coil may be used on the core arranged e.g. on
the lower part of the U-shaped core or on one of the legs, three or more coils may
also be arranged at different locations on the core. The person skilled in the art
appreciate that all different arrangement must be separately tuned, e.g. with

regard to fed electrical energy.
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Figures 1-3 schematically illustrate how the magnet coils may be arranged on
the U-shaped magnetic cores.

By this placement of the coils an even heating is achieved. The even heating 1s
achieved essentially because of, firstly that magnet cores have a cross-sectional
area that correspond, in relation to the length of each coil and the number of
turns of the wire, with the maximum use of the produced magnetic field Bpax.
The second reason is that the area of the winding of the coil then is calculated
such that the maximal current through the coil is obtained without having so
high current density that the heating-losses increase which in its turn resulis in

that the thermal efficiency of the planar heating means, e.g. the frying hob, is

lowered.

Also impbrtant is the relationship between the number of turns of the coil and

the diameter of the wire in the coil.

Figure 4 is an illustration of the heating device that includes one magnetic
module and provided with a heating means that comprises a dielectrical sheet 3,
a paramagnetic sheet 4 and a ferromagnetic sheet 5. In the figure is also
lllustrated an energy feeding means adapted to feed electrical energy to the coils
of the module, control means that controls the feeding means in accordance to
input signals received from a control panel where an operator may input various
parameters related to the heating, e.g. desired target temperature, heating rate
etc. According to an advantageous embodiment a temperature sensor 7 is
arranged beneath the ferromagnetic sheet. The temperature sensor generates a
temperature signal to the control means in order to increase the accuracy m the
control of the heating device. The temperature sensor is further discussed below.
Temperature sensors are preferably arranged beneath the frying surface, more
particular between the ferromagnetic sheet and the paramagnetic sheet.
Experiments performed by the inventor show that one sensor per magnetic
module give an accurate temperature control. The sensor is arranged in a
central location of the magnetic module, and is schematically indicated in figure
4.

It would also be possible to use more sensors if the application requires an even

more accurate temperature control.
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The temperature sensor used in the present invention is preterably a thermo

couple element sensor (e.g. type K), which is a passive sensor provided with two
thin wires of different materials that generates a direct current in dependence of

the temperature.

This type of sensors have a fast response time, e.g. in the order of 50 ms and are

also be heat resistant up to at least 1000 degrees.

Figure 5 is an illustration of the electrical energy feeding of one magnetic module
that is schematically shown from above to the right in the figure where the
numbers 1-4 designate the four magnetic coils.

Each magnetic module is provided with two connections f1 and 12, where f1 is
connected to the input of three of the coils and f2 is connected to the output of
these three coils. For the fourth of the coils in the magnetic module connection
f2 1s connected to the input and f1 to the output.

il and f2 are preferably connected to two phases in a three-phase system. In
order to achieve a symmetrical load preferably 3, 6, 9 etc. magnetic modules are

connected to the power source so that no phase shifting is induced resulting in

the generation of reactive power.

Alternatively it is possible to use a one-phase system instead where one of the

coils is connected to reversed polarity compared to the three other.

Alternatively each coil could be separately fed instead and in that case the

correct polarity for each coil should be controlled by the control means.

According to an alternative embodiment of the present invention two of the coils

are connected by reversed/switched polarities.

The frequency of the electrical power generated by the power source and applied
to the magnetic modules is preferably in the range of 50-60 Hz.
However, a much wider frequency range, e.g. 10-500 Hz, is naturally possible to

use mcluding the frequencies 16 2/3 Hz and 400 Hz.

Still another possibility is to use an even higher frequency, in the order of some

kHz. One problem when using a higher frequency is the heat generated by the
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coils. By applying the magnetic field generating energy by using pulses of high

frequency power the heating of the coils is easily reduced.

In a further embodiment of the present invention a so-called controlled
disconnection of the magnetic modules is applied. This controlled disconnection
is controlled by the control means and provides that the disconnection is made
exactly at or close to a zero crossing of the magnetic field generating energy

which results in that no magnetic reminiscence remains.

Figures 6-9 schematically illustrate the magnetic field deflections in a magnetic
module that is fed with energy by using the circuitry illuétrated in figure 5.
Figures 6 and 7 show a magnetic module from above and illustrate the magnetic
fields in the plane of the heating means.

In the figures, the right coil of the upper magnetic field generator is fed with
reversed polarity compared to the other coils. In figure 6 the situation at the
phase position 90 degrees is illustrated showing the magnetic field in the upper
right core is directed inwards and downwards (see figure 8). The magnetic fields
for the other cores are directed outwards and upwards (see figures 8 and 9). In
figure 7 the situation at the phase position 270 degrees is illustrated where the

directions of all magnetic fields are reversed as compared to figure 6.

In a still further preferred embodiment of the present invention the magnetic
core of a magnetic field generator is divided in two separate rod-shaped legs,
where at least one magnetic coil is arranged on each of the legs.

In order to be able to control the magnetic field leakage from the end opposite
the free end a coil may be arranged close to that end adapted to generate a
balancing counter-directed magnetic field.

All relevant features described in connection with the other embodiments are
naturally applicable also in this embodiment, e.g. with regard to the feeding of
the coils, the temperature measurement, the arranging of a ferromagnetic

material, the used frequency range etc.

In order to further explain how the advantageous even heating is accomplished

by the present invention the following reasoning is given.
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Thus, each magnetic module comprises two magnetic field generators and each

magnetic field generator has two free ends (or poles), 1.e. each magnetic module

has four poles.

When feeding a magnetic module as described, e.g. in connection with figure 5,
the coil of one leg of a magnetic field generator is fed by a reversed polarity as

compared to the feeding of the other three coils of the magnetic module.

Thus, during each half period it is achieved three poles (e.g. North) having a
magnetic field directed in the same direction and the fourth pole (South) having
an opposite directed magnetic field. During the next half period the situation is

the opposite, i.e. three S-poles and one N-pole.

The magnetic field of the single pole attracts one of the magnetic fields from one
of the other three poles and as a result two remaining (left-over) magnetic fields

having the same polarity are obtained.

These two remaining magnetic fields counteract which results in that the
magnetic fields are spread in material to be heated, e.g. the ferromagnetic sheet.
This in turn results in the even heating of the sheet. The rapid spreading of the
two remaining magnetic fields is related to that these fields are forced away from

arcas where the magnetic field between the established N- and S-pole exists.

Which of the three magnetic fields having the same direction that will attract the
fourth opposite directed magnetic field depends on the distance between the free
ends in such a way that the field is established between the free ends having the

shortest distance between each other.

The above reasoning is naturally also more generally applicable, i.e. a number of
“left-over” magnetic fields may be forced to generate heat in the same way. This

1s solely a matter of technical design.

The present invention is not limited to the above-described preferred
embodiments. Various alternatives, modifications and equivalents may be used.

Therefore, the above embodiments should not be taken as limiting the scope of
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the mvention, which is defined by the appending claims.
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Claims
1. Magnetic heating device comprising energy feeding means, control

means and at least two magnetic field generators (1,2), where each magnetic
field generator comprises two free ends (6), all free ends of the magnetic field
generators define a plane and the control means is adapted to control the
feeding means to apply magnetic field generating energy to the magnetic field
generators to generate alternating magnetic fields, characterized in that
said magnetic fields being such that the magnetic field through one of said free
ends has an opposed direction as compared to the magnetic fields through the

other free ends, wherein a ferromagnetic material positioned in a space defined

above said plane is heated.

2. Magnetic heating device comprising energy feeding means, control
means and at least two magnetic field generators (1,2), where each magnetic
field generator comprises two free ends (6), all free ends of the magnetic field
generators define a plane and that the control means is adapted to control the
feeding means to apply magnetic field generating energy to the magnetic field
generators to generate alternating magnetic fields in a heating ﬁleans (4,9)
arranged 1n a space defined above said plane,characterized in that
said magnetic fields being such that the magnetic field through one of said free

ends has an opposed direction as compared to the magnetic fields through the

other free ends.

3. Device according toclaim 1 or 2, characterized in thattwo

magnetic field generators constitute a magnetic module.

1. Device according to claim 3, characterized in that said
magnetic field generator comprises a magnetic core having said two free ends
and is provided with one or many magnetic coils to which said magnetic field

generating energy is applied.

d. Device according toclaim 3, characterized in that said
magnetic core i1s U-shaped and has two legs and a joining part, wherein one

magnetic coil is arranged on each of the legs.
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0. Device according to claim 3, characterized in that said

magnetic core is divided in two separate rod-shaped legs, wherein at least one

magnetic coil is arranged on each of the legs.

7. Device according to claim Sor 6, characterized in thatthe

legs for all magnetic field generators in the magnetic module are parallel.

3. Device according to claim 5or 6, characterized in that said
applied magnetic field generating energy is an alternating electrical power having
a predetermined frequency, wherein the electrical power is applied with a
reversed polarity to one of the magnetic coils compared to the electrical power

applied to the other three coils of the module.

9. Device according to claim Sor 6, characterized in that said
applied magnetic field generating energy is an alternating electrical power having
a predetermined frequency, wherein the electrical power is applied with a

reversed polarity to two of the magnetic coils compared to the electrical power

applied to the other two coils of the module.

10. Device according to claim 9, characterized in that said

predetermined frequency is in the range of 50-60 Hz.

11. Device according to claim 3, characterized in that said

predetermined number of magnetic modules is 3xN, where N= 1, 2, 3 or 4.

12. Device according to claim 3,characterized in that said

predetermined number of magnetic modules is in the range of 1-1000.

13. Device accordingtoclaim 1 or 2, characterized in that said
device comprises at least one temperature sensor (7) arranged close to said
plane, wherein said sensor generates temperature signals that are applied to

said control means and used to control the heating of the device.

14. Device accordingtoclaim 2, characterized in that said

heating means comprises two sheets, a lower sheet facing the free ends of the
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magnetic field generators and an upper sheet on the opposite side.

15. Device according to claim 14, characterized in that said

lower sheet is a 2 mm sheet of aluminium and the upper sheet is a 4 mm sheet

of iron.

16. Device according to claim 14, characterized in that said

two sheets are floating with respect to each other, i.e. they are not fastened
(ixed) to each other.

17. Device according to claim 14, characterized in that said

upper sheet is made of a ferromagnetic material and the lower sheet is made

from a paramagnetic material.

18. Device according to any preceding claim, characterized in

that the free ends in said defined plane are in the same level.

19. Device according to any preceding claim, characterized in

that said defined plane is curved.
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