Office de la Propriete Canadian CA 2394632 A1 2001/0/7/05

Intellectuelle Intellectual Property
du Canada Office (21) 2 394 632
Findustie Canada Industy Canada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2000/12/13 (51) CLInt."/Int.CI." HO2K 1/14, HO2K 1/24

(87) Date publication PCT/PCT Publication Date: 2001/07/05| (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2002/06/18 HOGANAS AB, SE

o ST = (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: SE 2000/002511 JACK. ALAN G. GB:

(87) N° publication PCT/PCT Publication No.: 2001/048890 MECROW BARRIE. GB:

(30) Priorité/Priority: 1999/12/23 (9904799-5) SE KROGEN, OYSTEIN, S
(74) Agent: FETHERSTONHAUGH & CO.

54) Titre : STATOR ET ROTOR D'UNE MACHINE ELECTRIQUE
(54) Title: ELECTRICAL MACHINE STATOR AND ROTOR

SSSSASSSYNNNANN

20

CSSASN VYT

Z20

r\\\\'\

20 20

(57) Abrége/Abstract:

A stator or a rotor for an electrical machine comprises a plurality of circumferentially separated, radially extending teeth, wherein
each tooth having a single winding and Is provided with an axially and radially extending reluctance barrier to increase the
reluctance of each tooth regarding propagation of a magnetic field not interacting with the winding of said tooth.

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 01/48890 A1l

CA 02394632 2002-06-18

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
S July 2001 (05.07.2001)

(51) International Patent Classification’: HO02K 1/14, 1/24
(21) International Application Number: PCT/SE00/02511

(22) International Filing Date:
13 December 2000 (13.12.2000)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
9904799-5 23 December 1999 (23.12.1999) SE

(71) Applicant (for all designated States except US): HO-
GANAS AB [SE/SE]; S-263 83 Hoganis (SE).

(72) Inventors; and
(75) Inventors/Applicants (for US only): JACK, Alan, G.

(54) Title: ELECTRICAL MACHINE STATOR AND ROTOR

(74)

(81)

A A T 0000 T

(10) International Publication Number

WO 01/48890 Al

[GB/GB]; Milestone House, Allendale Road, Hexham,
Northumberland NE46 2NB (GB). MECROW, Barrie
[GB/GB]; 50 Haddington Road, Whitley Bay, Tyne and
Wear (GB). KROGEN, Oystein [NO/SE]; Kristinelunds
Gard, S-260 40 Viken (SE).

Agent: AWAPATENT AB; Box 5117, S-200 71 Malmo
(SE).

Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility
model), DK, DK (utility model), DM, DZ, EE, EE (utility
model), ES, FI, FI (utility model), GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK
(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZW.

[Continued on next page]

(87) Abstract: A stator or a rotor
for an electrical machine comprises a
plurality of circumferentially separated,
radially extending teeth, wherein each
tooth having a single winding and is
provided with an axially and radially
extending reluctance barrier to increase
the reluctance of each tooth regarding
propagation of a magnetic field not
interacting with the winding of said
tooth.



CA 02394632 2002-06-18

wWO 01/48890 A1 |V T AR

(84) Designated States (regional): ARIPO patent (GH, GM, Published:
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian -—  With international search report.
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, For two-letter codes and other abbreviations, refer to the "Guid-
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, ance Notes on Codes and Abbreviations" appearing at the begin-
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). ning of each regular issue of the PCT Gazette.



CA 02394632 2002-06-18

WO 01/48890 PCT/SE00/02511

ELECTRICAL MACHINE STATOR AND ROTOR

Technical Field of the Invention

The present invention i1s generally related to

electrical machines and more specifically to a stator or

5 a rotor for an electrical machine.

Background of the Invention

Conventionally, the stator assembly of an electrical
machine has a stator core formed of a stack of steel
10 laminations. As an alternative to the use of steel
laminations, the stator core may be formed from iron
powder, as exemplified by U.S. Patent No. 4,947,065

disclosing a stator moulded in one-piece, and by

International Patent Application W0S95/12912 disclosing a

15 stator comprising a plurality of separate and

substantially identical parts.
By 1ts very nature any compacted, non-sintered

material will not be fully dense. This means that soft

iron powder currently available will have permeabilities
20 that are lower than the permeabilities obtainable with

steel laminations. However, magnetic powder composites

could offer advantages such as isotropilc magnetic

behaviour, reduction in i1ron losses at high frequencies,

improved thermal characteristics and flexible design and
25 assembly.

The use of a single tooth geometry could give rise
to large benefits when it comes to thermal and
manufacturing properties of electrical machines. However,
for an induction machine, the single tooth winding can

30 result 1n a reduced performance due to increased content
of MagnetoMotive Force (MMF) harmonics compared to a

traditional distributed overlapping winding design.
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The patent application SE 9801401-2 discloses an
induction machine stator with a single tooth geometry
that i1s arranged to reduce higher order MMF harmonics.
These higher order harmonics couples to the rotor and
result 1n i1ncreased losses, parasitic torques, etc. Said
stator reduces harmonics, but can result in a reduction
of performance compared to the traditiocnal distributed

overlapping winding design.

summary of the Invention
An object of the present invention is to provide a

stator or a rotor for an electrical machine which
benefits from the use of the single tooth geometry and
results 1n an improved efficiency of the electrical
machine.

The object is accomplished by providing a stator as
claimed in the appending claim 1 or a rotor as claimed in
the appending claim 10. Preferred embodiments of the
invention are disclosed in the dependent claims.

More particularly, according to one aspect of the
invention, there is provided a stator for an electrical
machine comprising a plurality of circumferentially
separated, radially extending teeth, wherein each tooth
has a single winding and is provided with an axially and
radially extending reluctance barrier to increase the
reluctance of each tooth regarding propagation of a

magnetic field that does not interact with the winding of

" said tooth.

A stator provided with said reluctance barrier is
advantageous in that the leakage flux, i.e. the magnetic
field, from the rotor, that is not interacting with
windings of two adjacent teeth of the stator, is reduced.
The reduction of said leakage flux is achieved by
increasing the reluctance in the propagation path of the
leakage flux by means of the reluctance barrier in the
teeth. The reduction of the leakage flux results in an

increase of the magnetic field that is interacting with
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the windings of two adjacent teeth. Thus, the performance
of the electrical machine are increased.

The reluctance barrier could be arranged in a number
of ways. In one embodiment it is an axially and a
radially extending gap in the tooth. The gap could extend
radially and axially through the whole body of the tooth,
dividing the tooth into two portions, thus circumferent-
lally separating the two portions from each other.

According to another embodiment, said gap is
arranged 1n such a way that it does not divide the tooth
into two separate portions. Instead the gap extends
partially through the tooth in the axial direction,
partially through the tooth in the radial direction, or
partially through the tooth in both the radial and axial
direction. An embodiment where the gap is not dividing
the tooth into two separate portions is preferably used
when sufficient reluctance can be achieved by a partially
extending gap.

Further, the gap could be filled with a material
having greater reluctance than the reluctance of the
tooth.

The reluctance barrier could also be arranged as a
radially and an axially extending volume of the tooth
comprising a plurality of bores or smaller volumes filled
with air or a material of greater reluctance than the
reluctance of the tooth.

According to a preferred embodiment, a tip of a
tooth extends towards a tip of an adjacent tooth in such
degree that a slot is formed between the tips of adjacent
teeth. The advantage of this embodiment is that said slot
introduces further reluctance in the propagation path of
the leakage flux.

The electrical machine could, for example, be an
induction machine, an electrical machine having a
permanent magnet rotor, a synchronous motor, etc.

In one preferred embodiment of the invention the

electrical machine is an induction machine. An advantage



CA 02394632 2002-06-18

WO 01/48890 PCT/SE00/02511

10

15

20

25

30

35

4

of providing an induction machine, which benefits from
the use of a single tooth geometry, with a stator accor-
ding to the invention, is that the torque characteristic
of the 1nduction machine 1i1s improved.

According to another preferred embodiment the stator
1s divided into at least two stator sections at two dif-
ferent axial positions, each section having a plurality
of circumferentially separated, radially oriented teeth
and each tooth having a single winding. The effect of
other harmonics than the working harmonics may then be
reduced by a mutual phase shift of the sections.

The effect produced by several stator sections on a
single rotor 1is substantially the same as a distributed
winding. This leads to the cancelling of a large fraction
of the higher harmonics while keeping the benefits of
single tooth windings, i.e. high slot fill factor, and
simple manufacturing and assembling.

All the above-mentioned aspects, embodiments, and
advantages could as well be applied to a rotor instead of
a stator.

A further scope of applicability of the present
invention will become apparent from the detailed desc-
ription given below. However, it should be understood
that the detailed description and specific examples,
while indicating preferred embodiments of the invention,
are given by way of illustration only, since various
changes and modifications within the spirit and scope of
the invention will become apparent to those skilled in

the art from this detailed description.

Brief Description of the Drawings

Other features and advantages of the present inven-
tion will become apparent from the following detailed
description of a presently preferred embodiment, with

reference to the accompanying drawiags, in which
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1 1s an end view of a stator and a rotor for a

4 pole 3 phase induction motor according to one

embodiment of the invention,

Fig. 2 1s an axlial cross-sectional view along line

II-II 1n Fig.
3a 18 an end view of one tooth of the stator in

Fig. 3b 1s a view along line IIIb-IIIb in Fig.

Fig.
Fig. 1,
Fig.
Fig.
a rotor,
Fig.
according
Fig.
Fig.
according
Fig.
Fig.
according
Fig.
and
Fig.

stator in

Detailed Description of a

Referring to Figs.

5a
Lo
5b
6a
CO
6b
7a
to
7b

1,

3a.

4 1s an end view of the stator and the rotor in

1 showing the propagation of the magnetic field from

18 an end view of one tooth of a stator

an embodiment of the invention,
1s a view along line Vb-Vb in Fig. 5a,

1S an end view of one tooth of a stator

an embodiment of the invention,
l1s a view along line VIb-VIb in Fig. 6a,

1s an end view of one tooth of a stator

an embodiment of the invention,

ls a view along line VIIb-VIIb in Fig. 7a,

8 1s an end view of two adjacent teeth of the

Fig. 1.

Presently Preferred Embodiment

l and 2, a stator 1 of an induc-

tion motor is illustrated as having two axially separated

stator sections 2 and 3.
has a yoke section 4 and 5,

circumferentially separated,

and 7,

Each one of the stator sections
respectively, adjoining six

radially extending teeth 6

respectively.

Each tooth 6 i1s preferably divided into two por-

tions 6a,b which are circumferentially separated by a

gap 20. In the preferred embodiment the gap 20 also

extends through the yoke section 4 that is integrated

with the tooth 6.
arily extend through said yoke section 4,

However, the gap 20 does not necess-

especilally 1t
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the yoke section 4 and the tooth 6 are not integrated.

The teeth 7 have a corresponding shape.

Further, each tooth 6 and an adjoining part of the
correspondlng yoke section 4 form a separate unit or
segment 8. Similarly, each tooth 7 and an adjoining part
of the corresponding yoke section 5 form a separate unit
or segment 9.

The yoke sections 4 and 5 are physically phase
shifted by 180° electrical * an angle related to skew
(not shown). Their electrical supplies are also shifted
by 180° electrical. Further, the stator sections 2 and 3
are separated by a small air gap 10 so as to reduce the
mutual influence of the magnetic fields in the two stator
sections 2 and 3.

As a result, each stator section will contain the
same harmonics, but the phase shifting of them will, as
seen from the single rotor (18), cancel a large fraction
of the unwanted higher order harmonics.

Assembling each of the stator sections 2 and 3 from
the separate units 8 and 9, respectively, permits an easy
winding of each unit of the stator 1.

The multiple separate units 8 and 9 (twelve in the
current embodiment) are made of a soft magnetic powder
composite material which is filled into a die, pressed to
a desired shape and then heat treated at a relatively low
temperature so as not to destroy the necessary insulating
layer between the powder particles. This means that vol-
ume production of the separate units 8 and 9 is possible
and results in no material waste and a finished pressed
unit with high tolerances and little or no machining
being required. -

As shown for one unit 8 and one unit 9 in Fig. 2,
the axial length of each tooth 6, 7 is less than the
axial length of the adjoining part of the yoke section 4,
5. The extension of the yoke sections 4, 5 axially past
the teeth 6, 7 is asymmetric on the two axial sides

thereof and increases the active length of the core and
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reduces the iron losses and magnetizing current such that
a more efficient machine is provided. Further, the heat
transfer from the windings to the stator is improved by

the axial extensions of the yoke adjoining the coil turn

parts outside the winding slots.

The above described design may be used for reducing
the total winding length and thereby reduce the dimens-
1ons of the electrical machine with maintained perfor-
mance.

Referring to Figs. 3a and 3b, according to a pref-
erred embodiment, the gap 20, which divides a tooth 6
into two portions 6a,b, has a width, GW, of less than 20
percent, preferably less than 10 percent, of the width,
TW, of a tooth body. The gap 20 is filled with a material
having high reluctance, for decreasing a leakage flux 40,
see Fi1g. 4.

The material filling the gap 20 is also provided to
kKeep the two portions 6a,b of the tooth 6 separated, so
that the width GW of the gap 20 is maintained when the
two portions 6a,b of the tooth 6 are pressed against each
other.

Now referring to Figs. 5a and Sb, however, if the
gap 20 1s to be filled with e.g. air, the separation
could be provided by means of smaller separation
means 22, which only fills a portion of the volume of the
gap 20. Such smaller separation means 22 could, for
example, be pieces of material having high reluctance, be
formed to fill the gap 20 in the direction of GW and in
the axial direction, and be formed to extend only over a
small distance of the gap in the radial direction. The
separation means 22 could be arranged to extend radially
instead of axially.

According to other embodiments, the gap 20 does not
have to divide the tooth 6 into two separate portidns
6a,b. The gap 20 could be arranged to extend partially
through the tooth in the radial direction and totally

through the tooth in the axial direction, see Figs. 6a
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and 6éb. However, the gap 20 could also be arranged to
extend partially through the tooth 6 in the axial direct-
ion and totally through the tooth 6 in the radial direct-
1on, see Figs. 7a and 7b. Any of these two embodiments
can be used as long as the reluctance in the propagation
path of the leakage flux reaches a sufficient level.
Referring to Fig. 8, according to a preferred
embodiment, tooth tips 11 of two circumferentially
adjacent teeth 6 are arranged to extend towards each
other such a distance that a slot SD is formed between

them.
As 1llustrated in the drawings, the tips 11 of the

teeth 6 and 7 also extend axially past the main part of
the teeth on both axial sides thereof. The extension of
the teeth tips allows a reduction in the air gap
reluctance which produces a corresponding reduction in
magnetizing current. This offsets the deleterious effects
of the relatively low permeability of powder iron.

A further advantage of using powder material is that
the sectional tooth profile may be rounded or oval such
that sharp bending of the coil turns is eliminated and
the risk of penetration of the insulation at the corners
is reduced. This allows thinner insulation to be used
resulting in a substantial thermal benefit. The winding
arrangement may comprise a non-overlapping winding on
each tooth which simplifies the winding operation and
allows very high packing factors to be achieved.

It should be noted that the rotor 18 (shown in Fig.
1) of the induction motor preferably is of conventional
design.

While only one embodiment of the present invention
1s described above, it is obvious to those skilled in the
art that the several modifications are possible without
departing from the spirit of the present invention.

Thus, the invention can be used in machines having

an outer rotor instead of the exemrlified inner rotor.
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Further, the material of the stator may comprise
laminations or a powder material combined with other

materials, e.g. laminations, or the stator may be made by
casting.
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CLAIMS

1. A stator for an electrical machine comprising a
plurality of circumferentially separated, radially
extending teeth, wherein each tooth has a single winding
and 1s provided with an axially and radially extending
reluctance barrier to increase the reluctance of each
tooth regarding propagation of a magnetic field that does
not interact with the winding of said tooth.

2. A stator according to claim 1, wherein said
reluctance barrier is a gap extending axially and
radially in each tooth.

3. A stator according to claim 2, wherein said gap
of each tooth contains at least one material having
greater reluctance than the material of the tooth.

4. A stator according to claim 2, wherein said gap
of each tooth contains air.

>. A stator according to claim 2, wherein the gap of
each tooth positions the portions of the tooth at a
distance from each other that corresponds to less than 20
percent of the width of the tooth body.

6. A stator according to claim 2, wherein the gap of

each tooth positions the portions of the tooth at a
distance from each other that corresponds to less than 10
percent of the width of the tooth body.

7. A stator according to claim 1, wherein each tooth
1s provided with inner edges that extends towards the
adjacent teeth only in such degree that a slot is formed
between the inner edges of adjacent teeth.

8. A stator according to claim 1, wherein said

electrical machine is an electrical induction machine.

separated, radially extending teeth, the stator sections
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being mutually phase shifted as to reduce the effect of
other harmonics than the working harmonics.
10. A rotor for an electrical machine comprising a
plurality of circumferentially separated, radially
5 extending teeth, wherein each tooth having a single
winding and 1s split into at least two portions, which
are clrcumferentially separated from each other by an

axially and radially extending gap.

10
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