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an electrical machine. Said core comprises a body of soft magnetic material having a plurality of teeth and at least one magnetic flux
cross section area enlarging element being made from a composite of a soft magnetic powder and a binder, said magnetic flux area
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ELECTRICAL MACHINE AND METHOD FOR PRODUCING AN
ELECTRICAL MACHINE

Technical Field of the Invention

The present invention relates te a ceore for an
electrical machine, an electrical machine, a method for
producing a core for an electrical machine, and a method
for producing an electrical macnine.

Background of the Invention
Electrical machines of today are mostly provided
with cores made from laminated soft magnetic sheets or

from soft magnetic powder which 1s compacted to the
desired shape and density oi the core and then heat
treated. However, it may be difficult to prcduce a core
with an coptimal geometry, from a magnetically point of

view, or a core with a geometry that varles in three

dimensions by using laminated soft magnetic sheets. Bven

3 .
if the use of scoft magnetic powder makes 1t possible to

nproduce a core with a geometry that varies 1n three

dimensions it may sometimes be impossible to produce a
ccre having the optimal geometry. Therefore, it may be
difficult to produce electrical machines having high
power density, i.e. produced power divided with the
volume of the machine, and, thus, the machines eguipped
with the core mav not be gquite as efficient as they could

be,
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Summary of the invention

An aspect of the present invention is to provide a solution to the above

mentioned problems.

The invention relates to an electrical machine motor or generator
comprising: a core, including a body of soft magnetic material, the body being a
roughly shaped core and being made of soft magnetic powder or of a stack of sheets
of soft magnetic metal and electrical insulation, at least one winding arranged around
at least a portion of said core, and a magnetic flux cross section area enlarging
element substantially filling a space between said at least one winding and at least a
portion of said body of the core, the magnetic flux cross section area enlarging

element including an injection molded composite of soft magnetic powder and a

thermoplastic.

The invention also relates to a method for producing an electrical motor
or generator comprising a body of soft magnetic material, the body being a roughly
shaped core and being made of soft magnetic powder or of' a stack of sheets of soft
magnetic metal and electrical insulation, said method comprising the acts of:
arranging at least one winding around at least a portion of the body of soft magnetic
material such that a cavity is formed between the at least one winding and said
portion of the body of soft magnetic material around which portion the winding is
arranged, positioning the body of soft magnetic material and the at least one winding

in a cavity of a mold, and injecting a composite of soft magnetic powder and a

thermoplastic into the cavity of the mold and into the cavity between the at least one
winding and said portion of the body of soft magnetic material around which portion
the winding Is arranged In order to form a magnetic flux cross section enlarging

element that increases the cross sectional area of the magnetic flux path of the body

of soft magnetic material.

In particular, according to one aspect of the invention, an electrical

machine comprises a core,
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including a body of soft magnetic material, at least one

winding arranged around at least a portion of said core,

and a magnetic flux cross section area enlarging element

substantially filling a space between said at least one

5 winding and at least a portion of saild body of the core,

the magnetic flux cross section area enlarging element
includes a composite of soft magnetic powder and a
thermoplastic, the composite being injection molded.

g

According to another aspect of the inventilion, a

10 method for producing an electrical machine comprising a

body of soft magnetic material, said method comprising

the acts of arranging at least one winding around at

least a portion of the body of soft magnetic material,

p—
-t

positioning the body of soft magnetic material and the at

15 least one winding in a cavity of a mold, and injecting a

—
—

composite of soft magnetic powder and a thermoplastic

into the cavity of the mold.

The above electrical machine and the above method

may be advantageous in that they may make volumes of the

20 electrical machine that did not contribute to the

generation of power in prior art electrical machines,

conduct magnetic flux and, thus, contribute to the

generation of power. Accordingly, it may become possible

to achieve an electrical machine having lncreased power

25 density. Further, the magnetic flux area enlarging

element i1s arranged onto said tooth of said body by means

of injection molding. This may be advantageous in that it

may facilitate arranging of saild magnetic flux area

enlarging element onto said tooth and in that it may

30 facilitate the filling of non contributing spaces, 1.e.

volumes of air having very low permeability.
By injection molding the composite as described

above may also make it possible to in the same step as

forming the magnetic flux cross section enlarging element

35 form and with the same material form functional features.

The effect of this is that the production may be

facilitated or speeded.
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A further scope of applicability of the present

invention will become apparent from the detailed

description given below. However, it should be understood

that the detalled description and specific examples,

—

while indicating preferred embodiments of the invention,

changes and modifications within the spirit and scope o:

the invention

et

are given by way of illustration only, since various

b

will become apparent to those skilled in

the art from this detailed description.

g~
p—

Brief Description of the Drawings

Other features and advantages of the preéent inven-

tion will become apparent from the following detailed

pm—

description of a presently preferred embodiment, with

reference to the accompanying drawings, 1n which

Fig la shows a schematic top view of a prior art

—

stator core of laminated sheets of soft magnetic

material,

Fig 1lb shows a schematic view of a section of the

F

stator core o

Fig la,

g—

Fig lc shows a schematic view of a section of a

tooth of the stator core of Fig la,

Fig 2a shows a schematic top view of a prior art

stator core made from soft magnetic powder,

Fig 2b shows a schematic view of a section of the
stator core of to Fig 2a,
Fig 2c shows a schematic view of a section of a

g

tooth of the stator core of Fig Z2a,

Fig 3a shows a schematic top view of a stator core

according to one embodiment of the invention, the core 1is

provided with

windings,

Ui

Fig 3b shows a schematic view of a section of the

stator core of Fig 3a,

Fig 3c shows a schematic view of a section of the
section of Fig 3b,
Fig 3d shows a schematic view of a section of a

tooth of the stator core of Fig 3a,
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Fig 3e shows a schematic perspective view of the

stator core of Fig 3a provided with windings,

Fig 3f shows a schematic perspective view of the

section of Fig 3b provided with windings,

Fig 4a shows a schematic perspective view of a core,
provided with a winding, according to another embodiment,
Fig 4b shows a schematic perspective view of a

g

section of the core of Fig 4a,

—

Fig 5a shows a schematic top view of a stator core

pr—
p—

according to yet another embodiment of the invention, the

core 1s provided with windings,

=

Fig 5b shows a schematic view of a section of the

stator core of Fig b5a,

Fig 5¢c shows a schematic view of a section of the

section of Fig ob,

]

Fig 5d shows a schematic view of a section of a

tooth of the stator core of Fig 5a,

Fig 5e shows a schematic perspective view of the

stator core of Fig 5a,

the

LR

Fig 5f shows a schematic perspective view O:

section of Fig 5b,

B

Fig 6 shows a schematic cross section of a mold,

5)

Fig 7 shows a schematic cross section of the mold o=f

Fig 6 when a body is positioned in the mold,

Fig 8 shows a schematic cross section of the mold

F

and body of Fig 7 when the composite has been injected
into the mold,

Fig 9a shows a schematic perspective view of a core

according to the invention wherein three dimensional

protrusions are molded according to the invention in a

particular shape for providing skew, and

Fig 9b shows a schematic perspective view of a cross

pr—

section of the core of Fig 9a.

Detailed Description of Embodiments

In Fig la-c a prior art laminated stator core 10

having teeth 16 is shown. As seen in the figure the
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person constructing a core by using laminated soft

magnetic sheets 12 is limited by the layered structure of

the sheets 12 and may not freely and easily vary the

shape in three dimensions. The skilled person is familiar

5 with the manufacturing of laminated cores.

In Figs 2a-c a prior art stator 20 core made from

soft magnetic powder is shown. In some cases 1t may be

o

difficult to completely achieve the desired shape of the

core, because of limitations relating to the tools used

10 to compact the soft magnetic powder into the desired

design. According to the example of Figs 2Z2a-c the stator

core includes teeth 22 and the limitation of the tools

used to compact the soft magnetic powder results 1in a
geometrical discontinuity 24 in the teeth 22, seen in
15 Fig 2c¢. The result presented in Figs Za-c only shows an

F

example, a limitation of the tools may result in other

disadvantageous shapes. Such discontinuities 24 or

disadvantageous shapes are seldom desired. Some

geometries and shapes of cores or teeth 22 are difficult
20 to produce without generating discontinuities 24 1like the

ones showed in Fig 2c. The discontinulties 24 have the

effect that a lesser cross sectional area of the teeth is
able to lead magnetic flux in relation to a corresponding

tooth without discontinuities 24. This may result in a

25 less effective stator/rotor and machine, 1n relation to a

stator not having such discontinuities and, thus, 1in

relation to a machine including a stator not having such

discontinuities. Another or additional effect may be that

the power density becomes lower than the power density of

30 a corresponding machine in which the core does not have

such discontinuities. The power density 1s defined as

produced power divided with volume of the machine. The

skilled person is familiar with the production of cores

from soft magnetic powder.
35 Below the invention will be described in relation to

a stator core of an electrical motor or an electrical

generator. However, it is obvious for the skilled person
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to apply these teachings on any type of core, e.g. a

stator core, a rotor core, a moving core of a linear

gr—

motor, stator core of a linear motor, etc., and any

electrical machine, e.g. rotary motor, rotary generator,

linear motor, linear generator, etc.

P

In Figs 3a—-f a stator core 100 according to one

embodiment of the invention is showed. A magnetic flux

cross section area enlarging element 101, 102 is arranged

onto a laminated stator body 103. The body might be a
prior art laminated stator core as described in

connection with Figs la-c or a roughly shaped laminated

body, resembling the shape of the final core, acting as a

basic structure from which the core i1is evolved. The

magnetic flux cross sectlion area enlarging element 101,

—

102 is made of a composite of a soft magnetic powder and

a binder, as will be described below. The composite may
be injection molded onto the stator body 103, as will be
described below as well. The permeability of the

gt

composite of the magnetic flux cross section enlarglng

element 101, 102 is greater than the permeability of air

and the core with the magnetic flux cross section area

enlarging element 101, 102 form a larger cross sectional

area, in respect of the direction of the magnetic flux
when the electrical machine is running, than without the
magnetic flux cross section area enlarging element 101,

102. Accordingly, areas or volumes 1n the path for the

magnetic flux which in the prior art only included air,

i.e. low permeability, now may contribute to the

P

permeance of the core and thereby enable an electrical

machine having greater power density. Further, the

magnetic flux cross section area enlarging element 102

may be used to produce more efficient cores by modeling

o

the shape of specific portions of the core into more

efficient shapes, e.g. the shape of a tip 106 of the

teeth 108 as clearly shown i1n Fig 2b-c. The shape of the

tip 106 of the teeth 108 in Fig 2b-c improves the

magnetic interaction between a stator and a rotor in
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relation to the small square shaped tip of the stator

shown in Figs 1lb-c in that it provides a greater magnetic

flux cross section area for the magnetic interaction.

Additionally, the magnetic flux cross section area

enlarging element may increase the heat transfer from the

windings of a core by providing a thermal transfer path.

This may be achieved if the compound of the magnetic flux

cross section area element 101 is selected so that it is

conducting heat better than air. The magnetic flux cross

section area enlarging element 101 may also provide an

increased heat conducting surface being in contact with

the winding, in relation to the smaller contact areas of

the prior art cores.

The windings 112 may be provided around the teeth of

the final core as in the Figs 3a-f, i1.e. after the

magnetic flux cross section area enlarging element 101

has been arranged onto the stator body 103, or before the

application of the magnetic flux cross section area

enlarging element 101. By providing the composite to the

core and windings, i.e. after the windings have been

arranged on the core, the cross section area of the

magnetic flux cross section area enlarging element may

£i1l additional potential spaces of low permeability and

the heat transfer may be further enhanced.

o
b

fers from

In Figs 4a-b shows an embodiment that di:

the embodiment of Figs 3a-f in that it exposes the
body 103 at the tip 106 of the teeth 108. This 1is

achieved by not covering the end surface 120 of the

1

—

portions of the body with the composite of soft magnetic

I 3)

powder and resin, said portions being the basic structure
of the teeth 108.

In Fig 5a-f shows another embodiment of the

core 200, in which the core 200 is based on a body 202

made of soft magnetic powder. The body 202 might be a
prior art stator core made from soft magnetic powder as
described in connection with Figs 2a-c or a roughly

shaped body of soft magnetic powder resembling the shape
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of the final core and acting as a basic structure from

which the core 200 is evolved. In addition to arranging

magnetic flux cross section area enlarging elements 204

as described in connection with Fig 2c¢ the magnetic flux

O Cross section area enlarging elements 204 may be used to

fill discontinuities 206 in the body or in a core and,

thus, 1increase the cross sectional area of the magnetic

flux path in a core having discontinuities 206 and

consequently increase the permeance of the sections

10 including the magnetic flux cross section area enlarging

elements 204. Additionally, in this way the

discontinuities 206 of a body or core may be filled,

resulting 1n a continuous surface at the location of the

undesired discontinuity. In the embodiment of Figs 5a-f
15 the discontinuities 206 are located in the teeth 208,
showed in Fig 5d, and are efficiently filled by the

magnetic flux cross section area enlarging elements 204.

—

The advantage of increased heat transfer discussed in

connection with Figs 3a-f may also be applicable to this

20 embodiment.

In some applications i1t may be advantageous to

provide a core of compacted soft magnetic powder with

three dimensional features made from the composite of

soft magnetic powder and a binder as described above,

25 even if it may be possible to produce such three

dimensional features from compacting soft magnetic

powder. The three dimensional feature may for example be
a tooth tip of the teeth 208.
The windings 212 may be provided around the teeth

30 208 of the final core as in the Figs 5a-f or before the

application of the magnetic flux cross section area

enlarging element 204.

According to one embodiment the composite used for

the magnetic flux cross section area enlarging elements

35 1ncludes soft magnetic powder and a binder. The amount

and properties of the soft magnetic powder and the binder

p—

are to be selected so that the permeability of the
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composite are at least greater than the permeability of

air (up) and so that the structural strength required by

the specific application in which the core 1s to be used

is achieved. In some applications it may be advantageous

to select the amount and properties of the soft magnetic

powder and the binder so that the composite is possible

to injection mold. The advantages of injection molding

may be that it becomes possible to make complicated and

close toleranced 3D-structures, that it becomes possible

P

to effective utilize the volume of the electrical machine

by reconfigure volumes not conducting magnetic flux to

volumes conducting magnetic flux, that the injection

molded features are mechanically robust without the need

of any complementary work.
Tt is desired to get as high permeability as

possible, however, the requirement of structural strength

and the requirement regarding the composite being

possible to injection mold may limit the permeability.
The amount of binder used is determined by the

amount required to achieve the required structural

strength of the core in a specific application and/or
required to make it possible to injection mold. The

relation between soft magnetic powder and thermoplastic

binder for a composite, that may be used for induction

molding, may be approximately 83-95 percentage by weilght

(w.p.) soft magnetic powder and approximately 5-17 w.p.

thermoplastic. In one embodiment approximately 90-95 w.p.

soft magnetic powder is preferred in order to optimilze

the magnetic performance of the composite.

The soft magnetic powder may for example be a

p—

powder including particles of iron, nickel, cobalt, or

g

any combination of these materials. Also, 1t may be a

powder of a cobalt-iron alloy, a cobalt-nickel alloy, a
nickel-iron alloy, or a cobalt-nickel-iron alloy. The
particles may be essentially spherical, irregular, or 1in
the shape of flakes. Further, the particles may be coated
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or non-coated. The composite may be used as electric

insulation even if non coated particles are used.

The binder may be a thermoplastic material or a

thermosetting material. Thermoplastic material may be

advantageous when the price of the core is important or

when the material of the core are to be recyclable, the

latter is possible by heating the core and allowing the

thermoplastic to be drained away. Thermosetting material

may be advantageous when the strength of the component 1s

important.
Many representatives of the respective groups are

known. From the group of thermoplastic materials one or

a combination of the following materials may be selected:

Polyamides, Sulfur Containing Polymers, e.g. PPS5, etc.,

for further thermoplastic materials see J.F. Carley,

Whittington's Dictionary of Plastics 3:d Ed, ISBN 1-
56676-090-9, 1993. From the group of thermosetting

materials epoxy resin may be selected, for further

thermoplastic materials to select see S.H. Goodman,
Handbook of Thermoset Plastics 2:nd Ed., ISBN 0-81355-

1421-2, 1998.
In Figs 6-8 steps of a process for producing a core

according to one embodiment of the invention 1s
presented. Initially, a body 402 is produced Or provided.
The body 402 may be seen as a semi-finished core or as a

core which might be improved by means of applying the

invention. Accordingly, as mentioned above, the body 402

might be a known laminated core, e.g. as described 1in

connection with Figs la-c, a known core made of soft

magnetic powder, e.g. as described in connection with

Figs 2a-c, or a roughly shaped body, of either laminated
soft magnetic sheets or soft magnetic powder, resembling
the shape of the final core. Said roughly shaped body 1is
then acting as a basic structure from which the core 1is
evolved. Further, a mold 404 is produced or provided. The
mold is provided with a cavity 406 for receiving the

body 402 and the composite 408 to be arranged onto the
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body and with one or a plurality of inlets 410 for input
of the composite 408 to the cavity 406 during the
injection molding, see Fig 6. Then the body 402 is
positioned in the mold, see Fig 7. The mold is designed

to accommodate the body 402 and leave a cavity 412 at the

positions where magnetic flux cross sectlon area
enlarging elements 414 are to be arranged onto the
body 402. When the body 402 is in position in the mold

the composite 408 is injected into the mold via an

injection conduit 416 and fills the cavities 412 between
the body 402 and the walls 418 of the mold 404, see Fig

8. In this embodiment it may be possible to arrange

magnetic flux cross section area enlarging elements at

positions on the core which windings or coils are to be

wound around and, thus, making the magnetic flux cross

section area enlarging elements function as electrical

insulation between the body and the windings or coils in

addition to the functionality of the magnetic flux cross

section area enlarging elements presented above.
According to one embodiment the body 402 may be

provided with windings or coils before it i1s inserted

into the mold 404. When the composite 408 is injected

into the mold 404 the composite 408 f£ills not only the

cavities 412 between the body 402 and the walls 418 of

the mold 404, but also cavities 424 between the

winding and the body 402 and the winding and the

walls 418 of the mold 404. The advantages of this are, 1in

addition to increasing the magnetic flux cross section

area, that the thermal conduction from the winding may be

further improved.

In yet another embodiment, in which the winding or
coils also are provided to the body before the body is
inserted into the mold 404, the body may be provided with

spacers between the body and the windings or coils, thus,

providing a cavity between the body 402 and the entire

winding. The advantage of this embodiment 1s that i1t may

and

combine the advantages of the two previously mentioned
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embodiments. For example, i1t may make the magnetic flux

cross section area enlarging element function as

electrical insulation between the body 402 and the

winding or coil, it may increase the magnetic flux cross

section area, and it may improve the thermal conductlon

from the winding.

According to another embodiment injection molding of
three dimensional features makes it possible to design
the free end 502 of the teeth 504 of a core 506 as shown
in Fig 9. The free end 502 of the teeth 504 are provided

with an interaction surface 508, for magnetically
interaction with a stator or rotor/mover depending on
wh

stator. The interaction surface 508 is defined by two

other the teeth 504 are arranged on a rotor/mover or a

circumferentially directed edges 510, 512 and two
edges 514, 516 that essentially extends axially. However,
the essentially axial edges 514, 516 are arranged so that

one end 518, 520 of the axial edge 514,516 1s arranged
closer to the main body of the tooth 504 than the other
edge 524, 526 of the same axial edge 514, 516, while all
the four edges 510, 512, 514, 516 are arranged at an

essentially equal distance from the geometric axis of the

core 506. By designing the interaction surface 508 1n

this way skew may be achieved. Accordingly, the presence

of force ripple in a linear motor provided with thils core

design may be decreased.

According to yet another embodiment the three

dimensional extensions and/or magnetic flux cross sectlion

area enlarging elements made of said composite and
injection molded onto a core, in accordance with any

previously mentioned embodiments, may be extended and

shaped to perform application specific functions in

addition to the ordinary functions of the core.

For instance, the three dimensional extensions

and/or magnetic flux cross section area enlarging

elements may be extended into features for engaging wlith

systems external to the electrical machine and be molded
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simultaneously using the same composite as the three

dimensional extensions and/or magnetic flux cross section

area enlarging elements. Accordingly, the extended

feature 1s produced in the same step and in the same mold

as the core, with or without windings. Application

speclfic extensions and shapes that may be produced in

g

this way may for instance be fan blades of a fan, moving

gr—

details of pumps, gear wheel extensions, bearing seats,

maybe 1ntegrate bearings and similar application specific

features of other machines. Thus, it is possible to

incorporate application specific features in the moving

part of the electrical machine in a very simple and cost

F
p—

effective way.

According to a further embodiment a wave winding may

be arranged at the teeth of the body of a core before the

core 1is finalized by injection molding the magnetic flux

area cross section enlarging elements and/or three

dimensional features. This, simplifies the production of

electrical machines including wave windings and three

dimensional features.
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CLAIMS:
1. A method for producing an electrical motor or generator comprising a

body of soft magnetic material, the body being a roughly shaped core and being
made of soft magnetic powder or of a stack of sheets of soft magnetic metal and

electrical insulation, said method comprising the acts of:

arranging at least one winding around at least a portion of the body of
soft magnetic material such that a cavity is formed between the at least one winding
and said portion of the body of soft magnetic material around which portion the

winding is arranged,

positioning the body of soft magnetic material and the at least one

winding in a cavity of a mold, ana

injecting a composite of soft magnetic powder and a thermoplastic into
the cavity of the mold and into the cavity between the at least one winding and saia
portion of the body of soft magnetic material around which portion the winding is
arranged in order to form a magnetic flux cross section enlarging element that

increases the cross sectional area of the magnetic flux path of the body of soft

magnetic material.

2. A method according to claim 1, wherein the body of soft magnetic
material includes a plurality of teeth and a plurality of windings and wherein the act of

arranging includes arranging each of the windings of a plurality of windings around
different teeth.

3. Method according to claim 1, wherein said body of soft magnetic

material is made of compacted soft magnetic powder.

4. Method according to claim 1, wherein said body of soft magnetic

material is made of sintered soft magnetic powder.
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5. Method according to claim 1, wherein the act of arranging at least one
winding around at least one portion of the body of soft magnetic material includes the
act of arranging the at least one winding around at least a portion of the body
substantially without the at least one winding making contact with said at least one

portion of the body.

6. Method according to claim 1, further comprising the act of forming the
cavity of the mold for receiving the body of soft magnetic material and the at least one

winding and for defining a magnetic flux cross section area enlarging element.

/. Method according to claim 6, wherein the act of forming the cavity of the
mold further includes the act of forming the cavity for defining a three dimensional

feature extending from the body and the at least one winding.

8. Method according to claim 6, wherein the act of forming the cavity of the
mold further includes the act of forming the cavity for defining a three dimensional

feature for engaging with systems external to the electrical machine.

0. Method according to claim 1, wherein the magnetic flux cross section
enlarging element increases the permeance of a section of the electrical machine

comprising the magnetic flux cross section enlarging element.

10. Method according to claim 1, wherein the magnetic flux cross section
enlarging element increases heat transfer from the at least one winding to the portion

of the body of soft magnetic material around which portion the winding is arranged.

11. Method according to claim 1, wherein the magnetic flux cross section

enlarging element extends along the tooth for the entire width of the at least one

winding.
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