wo 2012/136575 A1 | I 00N OO O 0 A A A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

11 October 2012 (11.10.2012)

(10) International Publication Number

WO 2012/136575 Al

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
HO2K 21/46 (2006.01) HO2K 1/27 (2006.01)

International Application Number:
PCT/EP2012/055725

International Filing Date:
29 March 2012 (29.03.2012)

Filing Language: English
Publication Language: English
Priority Data:

11002949.3 8 April 2011 (08.04.2011) EP

Applicant (for all designated States except US): GRUND-
FOS MANAGEMENT A/S [DK/DK]; Poul Due Jensens
Vej 7 - 11, DK-8850 Bjerringbro (DK).

Inventors; and
Inventors/Applicants (for US orly): JENSEN, Finn
[DK/DK]; Ulstrup Skovvej 3, Sender Vinge, DK-8860 Ul-

strup (DK). PEDERSEN, Henrik, Orskov [DK/DK];
Buskelundhgjen 200, DK-8600 Silkeborg (DK).

Agent: Vollmann & Hemmer; Wallstrale 33a, 23560
Liibeck (DE).

(74

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

[Continued on next page]

(54) Title: ROTOR

Fig. 2

(57) Abstract: A rotor (2) for an electric motor, which rotor (2)
comprises a plurality of laminated rotor sheets (4) arranged in
layers and each provided with slots (6, 10); a number of perman-
ent magnets (8) arranged within magnet slots (10) in the lamin-
ated rotor sheets (4), where an end area (16) of each magnet slot
(10) is a magnet free area. The rotor (2) also comprises a plural -
ity of rotor bars (14) arranged in rotor bar slots (6) and a rotor
sheet band (22) provided between the end area (16) and the adja-
cent rotor bar slot (6). At least one notch (28, 29) extending
from the edge (21) of the rotor bar slot (6) and/or from the edge
(21 ") of the end area (16) divides the rotor sheet band (22) into a
first area (24) and a second area (26). The smallest width (D) of
the first area (24) is smaller than the smallest width (D) of the
second area (26).



wO 2012/136575 A1 WK 00N 0 U O

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, Published:
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

—  with international search report (Art. 21(3))



WO 2012/136575 PCT/EP2012/055725

20

25

Rotor

Description

The present invention generally relates to a rotor for an electric motor.
The present invention more particularly relates to a rotor for a line start

permanent magnet motor.

A line start motor is an electric motor that is equipped with both per-
manent magnets and short circuit bars in its rotor. A conventional line
start permanent magnet motor has magnefts inside the induction start-
ing cage. It is known from the prior art that permanent magnet motors
have good operating characteristics at synchronous speed. Typical
rotors for line start permanent magnet motors are made of a plurality of
laminated rotor sheets stacked on the top of each other in order to
form a core. Punched slofs are provided in the rotor sheets and these
slots are configured to receive an aluminium die cast squirrel cage and
magnets. A set of thin laminated rofor sheet are required in order to
avoid generation of eddy currents in the axial direction of the rotor. The
squirrel cage is used to start up and run the motor approximately up to
synchronous speed. At synchronous speed the magnets take over and

keep the rotor rotating at the synchronous speed.

The bridges between an air filled magnet slot and the adjacent alumin-
ium slot is of great importance. Those bridges must be thick enough fo
give the required mechanical strength and to ensure that no aluminium
flows from the aluminium slot to the magnet slot, during the die cast
process, because this will make it impossible to mount the magnets into

the magnet slot.
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The bridges should be kept as thin as possible seen from an electro-
magnetic point of view because a significant part of the flux from the
magnet flows in the bridges and does noft link with the stator current.
The problem is that this leakage magnet flux does not contribute to the
torque. Accordingly, the bridges must be kept as thin as possible in or-

der to utilise as much of the magnets as possible.

US 2010/01339441 A1 discloses a rotor for a line start permanent magnet
motor. In this patent application the bridges are greater than 1 mm

and thus a significant magnetic flux leakage is fo be expected.

It is well known that each magnet slot for the permanent magnets in a
line start motor has to be surrounded by a magnet free end area. This
end area is needed in order to avoid short circuit of the magnetic flux
so that a greater part of the end portion of the permanent magnets
can be used to generate torque. WO 2008/137709 A2 discloses a rotor
for a line start permanent magnet motor in which the bridges are bar

shaped. This geometry is used very frequently in the prior art.

WO 0106624 Al, on the other hand, a rotor for a line start permanent
magnet motor in which the magnet free end area has a basically fri-

angular shape.

In the prior art the bridges are greater than 1 mm and thus a significant

magnetic flux leakage is to be expected.

It is an object for the present invention to specify a rotor, for line start
permanent magnet motor in which the magnetic flux, running in unde-
sired directions, can be reduced. It is further an object of the present

invention to specify a rotor that minimises the magneftic leakage flux.
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These and other objects and advantages of the present invention will
be apparent from the following description and the appended claims.
It will be recognized that the foregoing description is not intfended to list
all of the features and advantages of the invention. Various embodi-
menfts of the inventions will satisfy various combinations of the objects of
the invention and some embodiments of the invention will provide few-
er than all of the listed features and satisfy fewer than all the listed ob-

jectives.

The objects of the present invention can be accomplished by a rotor as
described in the introductory part of claim 1 that is characteristic in that
at least one notch extending from the edge of the rotor bar slot and/or
from the edge of the end area divides the rotor sheet band intfo a first
area and a second area, where the smallest width of the first area is

smaller than the smallest width of the second area.

Hereby it is achieved that the magnetic flux running in undesired direc-
tions can be reduced and that the magnetic leakage flux can be re-
duced. Therefore, a greater part of the end portion of the permanent
magnets can be used to generate torque. Accordingly, less magnetic
material is needed a line start motor according fo the invention and

hence the motor may be cheaper than the prior art line start motors.

The notch may have any suitable form. The notches may be conical, V-
shaped, U-shaped or rectangular by way of example. In one embodi-
ment according to the invention, the notch has a longitudinal geome-
try and extends basically perpendicular fo an edge of the rotor sheet
band and/or basically perpendicular to an edge of the side of a mag-

net slots.

It may be an advantage that the notch extends at least half way

through the rotor sheet band. Hereby it is possible to reduce the width
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of the bridges so that as much of the magnets as possible can be uti-

lised.

The first area may have any suitable form and it may depend on the
number of notches and by the geometry of the notches. The width of
the first area or second area may vary, however; it is also possible that
the smallest width can be found in more than one place in the first area
or second area. By way of example it is possible that a constant width is

provided in a confined area of the first area or second area.

It is possible to have a rotor in which the smallest width of the first area is
smaller than the smallest width of the second area and that the second
areda is a notch free area. This solution will, in a simple way, make it pos-
sible to reduce the magnetic flux running in undesired directions and

the magnetic leakage flux in general.

It may be beneficial that at least one notch is bordering on a first side
wall and a second side wall and at least a part of the first side wall
and/or a part of the second side wall extends basically perpendicular

to edge.

Advantageously at least some of the rotor bar slots have a basically
straight side extending basically tangential to a radius of the rotor and
the end of an adjacent the magnet slot has a side that extends basi-
cally parallel to the basically straight side of the rofor bar slot. Hereby it
is achieved that the same punching tool can be used to provide all the

rotor bar slots in a rotor sheet.

It may be an advantage that at least some of the rotor bar slots have a
basically circular arced side and the end of the magnet slots has a ba-
sically circular arced side. It may be beneficial to have a rotor in which

the rotor bar slots and the end of the magnet slots are provided with
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circular arced sides because the slots in each rotor sheet can be made
by using the same punching tool even if the rotor is a skewed rotor

where adjacent rotor sheets are rotated relative to one another.

It may be beneficial that the basically circular arced side of a rotor bar
slot has a radius of curvature that is smaller than the radius of curvature

of the basically circular arced side of an adjacent magnet slot.

It may be an advantage that the first width is smaller than two fimes the
thickness of the laminated rotor sheets. Such embodiment can limit the
magnetic flux running in undesired directions and the magnetic leak-

age flux significantly compared with the prior art.

It may be an advantage that the length of the first area is smaller than
the length of the second area. Thus, the rotor sheet band can have a

great mechanical strength even when a notch is provided.

It may be an advantage that the length of the first area is smaller than
a fourth of the length of that side of the rotor bar slot that faces the side
of an adjacent magnet slot. Hereby the rotor sheet band can maintain
a high mechanical strength even though a notch is provided in the ro-

tor sheet band.

It may be an advantage that at least one notch having an elongated
geometry is provided in the first area. If the notch has an elongated
geometry it will be possible to provide a very small bridge so that the
magnetic leakage flux can be minimised. Accordingly, a greater part
of the end portion of the permanent magnets can be used to generate

torque.
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Advantageously at least some of the rotor bar slots have a basically
straight side extending basically tangential to a radius of the rotor and
the end of and adjacent the magnet slot has a side that extends basi-

cally parallel to the basically straight side of the rotor bar slot.

Hereby it is achieved that the same punching tool can be used to pro-

vide all the rotor bar slots in a rotor sheet.

It may be beneficial that at least some of the rotor bar slots have a ba-
sically circular arced side and the end of the magnet slots has a basi-

cally circular arced side.

It is possible that at least some of the rotor bar slots have a basically
circular arced or straight side and that the end of the magnet slots has
a basically circular arced or straight side and that the sides are basical-

ly symmetric about a radius of the rotor.

Hereby it is possible to change the angular displacement between the
end area of a magnet slot and the adjacent rofor bar slot and hereby
rotate the end area of a magnet slot relative fo its adjacent rotor bar
slot) and still be able to provide a very small distance between the end
area of a magnet slot and the adjacent rotor bar slot by making a

notch in the rotor sheet band.

It may be beneficial that the basically circular arced side of the rotor
bar slots have a radius of curvature that is smaller than the radius of

curvature of the basically circular arced side of the magnets slofts.

Hereby it is achieved that the end area of a magnet slot can be rotat-
ed relative to the adjacent rotor bar slot and still making it possible to

provide a very small distance between the end area of a magnet slot
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and the adjacent rotor bar slot and the cormrresponding rotor sheet

band by a notch punching process.

It is possible that a first notch extends from the edge of the rotor bar slot
towards the end area while a second notch extends from the edge of
the end area. The first notch may extend perpendicular to an edge of
the rotor bar slot and the second notch may extend perpendicular to

an edge of the end area.

Advantageously two times the width of the first area is smaller than the

width of the second area.

It may be beneficial that the rotor bar slot has a basically straight or
circular arced side and the end of the magnets slof has a basically
straight or circular arced side and a basically U-shaped notch extends
radially from a basically straight side of the rotor bar slot towards a ba-

sically circular arced side of the end of the magnets slof.

Advantageously the end area of each magnet slot is magnet free and
at least partly filled with air and/or aluminium and/or plastic and/or
glue. Hereby it is possible to use simple shaped magnets e.g. block
shaped magnets. It is also achieved that a short circuit of the magnetic
flux can be avoided so that the end part of the magnet can be used to

generate torque.

The rotor may be a two-poled rotor, a four-pole or a six-pole rotor by

way of example.

It is an advantage that axially extending interlock members are provid-
ed between dll adjacent laminated rotor sheets. These inter lock mem-
bers may be made by a punching process where laminated rotor sheet

material from a laminated rotor sheet is punched into the adjacent
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laminated rotor sheet so that the two neighbouring laminated rotor

sheet are mechanically fixed to one another.

Advantageously the magnets are block shaped. This may be an ad-
vanfage because it will be easy to arrange block shaped magnets in
the corresponding magnet slot. The magnets may be attached o the

rotor mechanically or by using glue by way of example.

The rotor according to the invention may be used in line start motor for
a pump device. Such pump device may be an unregulated circulator

pump by way of example.

The invention is not limited to the described embodiments which can

be modified in many ways.

Preferred embodiments of the present invention will now be more par-
ticularly described, by way of example, with reference to the accom-

panying drawing, wherein:

Fig. 1 shows a cross sectional view of a rofor according to the
invention;
Fig. 2 shows a cross sectional view of a rotor bar slot and the end

of an adjacent magnet slot according to the invention;

Fig. 3 shows three close up views of rotor sheets according fo the
invention;
Fig. 4 shows a close up view of another rotor sheet according to

the invention;
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shows three close up views of rotor sheets according to the

invention;

shows a perspective cut-away view of a rotor 2 according
to the invention;

shows a cross sectional view of a rofor sheet according to
the invention before and after notch is provided in the rotor

sheet band;

shows a close-up view of a rotor;

shows a close-up view of a rotor according to the inven-

tion;

shows a close-up view of a rotor according to the inven-

tion;

shows a close-up view of another rotor according to the

invention and

shows a rotor according to the invention.

Other objects and further scope of applicability of the present invention

will become apparent from the detailed description given hereinafter.

It should be understood, however, that the detailed description and

specific examples, indication preferred embodiments of the invention,

are given by way of illustration only, since various changes and modifi-

caftions within the spirit and scope of the invention will be become ap-

parent to those skilled in the art from this detailed description.

Referring now in detail to the drawings for the purpose of illustrating pre-

ferred embodiments of the present invention, elements of a rotor ac-
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cording to the present invention is illustrated in Fig. 1. The rotor 2 com-
prises a humber of thin laminated rotfor sheet 4 stacked on the top of
each other. The rotor sheets 4 are laminated in order to avoid genera-
tion of eddy currents in the axial direction of the rotor 2. The rotor sheefts
4 are punched together so that rotor sheet material protrudes through
the adjacent rofor sheet 4. The punched rotor sheet material consti-
tutes interlock members 30. In this way, it is possible to provide a simple

way of locking adjacent rotor sheefts 4.

In each rotor sheet 4 there is provided rotor bar slots 6 configured fo
receive rotor bars 14 and magnet slots 10 configured to receive longi-
tudinal block shaped magnets 8. The distal end 16 of the magnet slofs
10 is an air filled and magnet free area. A bridge 12 is provided at each
distal end 16 of the magnet slots 10. In order to make the bridges 12 as
thin as possible a notch 28 is provided in the rotor sheet band 22. These
notches 28 may be made by removing material from the rotor sheet
band 22 by a punching process. The notch 28 may be V-shaped, U-

shaped or have a rectangular geometry by way of example.

The rotor 2 in Fig. 1 comprises four permanent magnets 8 each having a
north pole N and a south pole S. These permanent magnets 8 may be
neodymium magnets (NdFeB) or ferrite magnets by way of example.
The magnets 8 may be coated or be arranged in a sleeve. The mag-
nets 8 are bar shaped and arranged tangentially near the central part

of the rotor 2.

Four rotor bars 14 are arranged in four rotor bar slots 6 and a bridge 12
is arranged between the magnet slots 10 and the neighbouring bar
slots 6. The magnets 8 are arranged pair wise to form a symmetric rotor
2. Six rotor bar slots 6’ are arranged along the periphery of the rotor 21in

the area between the pair wise arranged magnets 8. Two rotor bar slots
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6’ are arranged along the periphery of the rotor 2 in the area between

opposite magnets.

It is possible to alter the number of rotor bar slots é', 6’ if the rotor 2 is
scaled. In principle, for a rotor 2 of small diameter the number of rotor

barslots &', 6’ would be lower than for a rotor 2 of larger diameter.

The rotor 2 according to the present invention may be coated. The ro-
tor 2 according fo the present invention may be arranged in a sleeve

or it may be provided without a coating or sleeve.

The rotor 2 may be use for a line start motor for a pump. It is possible to
use the rotor 2 in a motor for a centrifugal type pump, by way of ex-
ample an unregulated circulator pump. Hereby it is possible to achieve

a high efficiency. The pump may be a vet runner type circulator pump.

It is possible to use the rotor 2 in a motor for a dry runner pump and it is
possible to use the rotor 2 in a motor that is controlled by a frequency

converter.

The rotor 2 may be used in all sizes of line start motors. By way of exam-

ple the power may be from under 20 W up to 22 kW.

In one embodiment or the invention the rotor 2 is used in an unregulat-
ed circulation pump configured to circulate fluid e.g. in a heating sys-
tem or in a cooling system. In this way it may be possible to have an

unregulated pump with a high efficiency.

Fig. 2 is a cross sectional view of a rotor bar slot 6 and a distal end 16 of
an adjacent magnet slot 10 according fo the invention. The rotor bar
slot 6 is provided in the rotor sheet 4 near the periphery of the rotor

sheet 4. A magnet 8 is arranged in the corresponding magnet slot 10.
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When one takes a closer look at the rotor sheet band 22 it can be seen
that a basically U-shaped notch 28 extend radially from the basically
straight side 18 of the rotor bar slot 6 towards the basically circular
arced side 20 of the distal end 16 of the magnet slot 10. The notch 28
does not extend through the total width of the rotor sheet band 22
since a first area 24 is provided between the notch 28 and of the distal
end 16 of the magnet slot 10. The first area 24 is defined by a first dis-
tance D1 between the rotor bar slot 6 and the distal end area 16. This

first distance D1 is small in comparison with the prior art rotors.

A second area 26, having a significantly larger width, is provided next
to the first area 24. The width of the second area 26 is indicated by the
distance D2 between the rotor bar slot 6 and distal end area 16. The first

distance Di is significantly smaller than the second distance Da.

It is not possible to provide a rotor 2 having a rotor sheet band 22 with a
width corresponding to D1 because the rotor sheet band 22 is required
to have a certain minimum width in order to have the required me-
chanical strength. If the rotor sheet band 22 has a width below the re-
quired minimum width, it would be very likely that the rotor sheet band
22 would crack. Normally it is assumed that the required minimum width
is fwo fimes the thickness of a rotor sheet layer. If the thickness of a rotor
sheet layer is 0,56 mm the required minimum width of the rotor sheet

bandis T mm.

The present invention makes it possible to reduce the smallest width of
the rotor sheet band locally so that the first distance D is significantly

smaller than the second distance Da.

Fig. 2 shows that the length L1 of the first area 22 is significantly smaller
than the length L2 of the second area 24. By providing a rotor 2 having
a rotor sheet band 22 with a notch 28 so that the length L1 of the first
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area 22 is smaller than the length L2 of the second area 24 and that the
second area 26 has a significantly larger width D2 than the width D of
the first area 24, it is possible to provide the required mechanical
strength to the rotor sheet 4 and reduce the magnetic flux running in
undesired directions and the magnetic leakage flux in general be-
cause of the small width D1 between the between the rotor bar slot 6

and the distal end area 16.

In Fig. 2 the width D3 of the rotor bar slot 6 is larger than the length L2 of
the second area 24 and the notch 28 is provided in the left side of the

rotor sheet band 22.

By having a small width D1 between the between the rotor bar slot 6
and the distal end area 16 that part of the flux from the magnet that
flows in the rotor sheet band 22 and hereby does not link with the stator
current is reduced significantly compared with the prior art rotors. The
leakage magnet flux does not contribute to the torque. Accordingly, a
reduction of the leakage magnet flux makes it possible to utilise as

much of the magnets as possible.

The short distance D1 between the rotor bar slot 6 and the distal end
area 16 means that the leakage magnet flux is reduced significantly

compared with an embodiment without the notch 28.

The side walls 25, 27 extend basically parallel to each other. However,

they may have other configurations.

The rotor 2 may be skewed so that the rotor bar slots 6 extend along
one or more axes that are inclined relative to the longitudinal axis X of
the rotfor. It is well known that a motor with reduced cogging forque

can be achieved in this way.
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Fig. 3 illustrates three different ways of arranging the notch 28 in the ro-
tor sheet band 22. In both Fig. 3 a), Fig. 3 b) and Fig. 3 c) the notch 28
extend radially from a basically straight side 18 of the rotor bar slot 6
towards a basically circular arced side 20 of the distal end 16 of the
magnet slot 10 like illustrated in Fig. 2. Fig. 3, however; illustrates that the
notch 28 can be arranged in different positions of the rotor sheet band
22. The notch 28 has elongated geometry that is rounded off in its distal
end. In Fig. 3 a) the notch 28 is arranged in the left side of the rotor
sheet band 22. In Fig. 3 b) the notch 28 is arranged near the central
part of the rotor sheet band 22 and in Fig. 3 c) the notch 28 is arranged
in the right side of the rotor sheet band 22. The notches 28 may be pro-
vided with a different geometry. The notches may be V-shaped, U-
shaped or rectangular by way of example. In Fig. 3 a), Fig. 3 b) as well
as Fig. 3 c) the nofches extend more than half way through the rotor
sheet band 22. Accordingly, the distance between the rotor bar slot
and the adjacent end 16 of the magnet slots 10 is smaller that half the

width of the rotor sheet band.

A skewed rotfor 2 can be achieved by providing rotor sheets 4 in which
the rotor bar slot 6 and the end 16 of the adjacent magnet slot 10 are
displaced relative to each other. The different rotor sheets 4 can be
produced by using the same punching tool if the part of the end area
that faces the adjacent rotor bar slot comprises a side that is arranged
symmetric relative to a radius of the rotor or if the part of the adjacent
rotor bar slot that faces the end area comprises a side that is arranged

symmetric relatfive to a radius of the rotfor.

In Fig. 3 a), Fig. 3 b) and Fig. 3 c) the notches 28 extend perpendicular
to side 18 of the rotor bar slot 6. The side 18 is basically straight; however
it is possible to have a side 18 that has a different geometry. The notch-
es 28 may be produced by a punching process and it is even possible

to make the both a rotor bar slot 6 and its notch 28 by the same punch-
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ing process. It is, however; also possible to provide a rotor bar slot 6 by a
first punching process and make the notch in another punching pro-

cess.

Fig. 4 illustrates a rotor sheet band 22 in which two notches 28, 29 are
provided. The first notch 28 extends radially from the rotor bar slot 6 to-
wards the distal end 16 of an adjacent magnet slot. The second notfch
29 extends radially from the distal end 16 of the magnet slot towards

the first notch 28.

Hereby it is possible to provide the required mechanical strength to the
rotor sheet 4 and reduce the magnetic flux running in undesired direc-
tions because of the small distance between first notch 28 and the se-

cond notch 29.

The notches 28, 29 may have the same geometry, however; it is also
possible to provide a first notch 28 having a first geometry and a se-
cond notch 29 with a different geometry. The notches 28, 29 are ar-
ranged directly opposite each other so that the first notch 28 extends
from the edge of the rotor bar slot 6 towards the edge of the end area
16 of the magnet slot 10. It is, however, also possible to arrange the
notches 28, 29 in other ways e.g. by displacing the first notch 28 radially

relative to the second notch 29.

Fig. § illustrates three different ways of arranging the notch 29 in the ro-
tor sheet band 22. In Fig. 5 a), Fig. 5 b) as well as in Fig. 5 c) the notch 29
extend radially from a basically circular arced side 20 of the distal end
16 of the magnet slot 10 towards the adjacent rotor bar slot 6. The
notches 29 have an elongated geometry and the notches 29 are
rounded off in their distal end like the notched shown in Fig. 3 and Fig.
4. In Fig. 5 a) the notch 29 is arranged at the left side of the rotor sheet
band 22. In Fig. 5 b) the notch 29 is arranged at the cenftral part of the
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rotor sheet band 22 and in Fig. 5 c) the notch 29 is arranged in the right
side of the rotor sheet band 22. It is indicated that the rotor 2 is ar-
ranged in a stator 32. The notch 29 extends more than half way through
the rotor sheet band 22. The notch 29 has a longitudinal geometry and
it extends basically perpendicular to an edge of the distal end 16 of the

magnet slot 10.

The rotor sheets 4 shown in Fig. 5 may be different rotor sheets 4 in @

skewed rotor 2.

The stator may be a stator for a line start motor, since the rotor 2 is in-
tended to be used in a line start motor e.g. for a pump such as an un-

regulated circulator pump.

The rotor bar slot 6 may have a different geometry than the one shown
in Fig. 5. It is possible if the inwardly facing side 18 of the rotor bar slot 6 is
either basically straight or basically circular arced. Moreover, it is possi-
ble to provide the side 20 of the end 16 of the magnet slot 10 so that it is

basically parallel to the side 18 of the rotor bar slot 6.

Fig. 6 illustrates a perspective cut-away view of a rotor 2 according to
the invention. The rotor 2 has a cylindrical channel 34 extending along
the longitudinal axis X of the rotor. The channel 34 is configured to re-

ceive a shaft. The shaft may used to drive a pump by way of example.

Fig. 7 a) is a cross sectional view of a rotor sheet 4 according to the in-
vention. Rotor bar slofs 6 are provided in the rotor sheet 4 near the pe-
riphery of the rotor sheet 4 and corresponding magnet slots 10 are ar-
ranged closer to the central part of the rotor sheet 4. The rotor bar slots
6 have a circular arced side 18 having a radius of curvature, r, that is
significantly smaller than the radius of curvature, R, of the circular arced

side 20 of the distal end 16 of the magnets slots 10.
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The side 20 of each end 16 of the magnet slots 10 have the same ge-
ometry. Moreover, the side 20 is symmetric. Therefore, it is possible to
use the same punching tool fo make all the sides 20. The rotor bar slots
6 have a circular arced side 18 that is symmetric so that the same
punching fool can be used to make all sides 18 of the rotor bar slots 6.
No notches have been provided in the rofor sheet band 22 in the rotor

2 illustrated in Fig. 7 a).

The rotor sheet 4 has a centre C. It can be seen that the section S of the
side 20 extends over an angle B. It may be an advantage that the an-
gle B is so large that a skewed rotor 2 can be constructed out of rotor
sheets 4 in which the angular positions of a rotor bar slot 6 relative to its
adjacent end area 16 differs between adjacent rotor sheets 4. It may
be an advantage that the rotor bars (and thus the rotor bar slots 6) ex-
tend along an axis that is inclined relative to the longitudinal axis X of
the rotor 2 and that the magnet slots 10 extend parallel to the longitu-
dinal axis X of the rofor 2. Hereby a skewed rotor 2 can be provided

and the permanent magnets 8 can be block shaped.

In Fig. 7 b) a small elongated notch 28 is provided in each rotor sheet
band 22. Each notch extends radially from the circular arced side 18 of
the rotor bar slot 6 towards the distal end 16 of the adjacent magnet
slot 10. The notch 28 divides the rotor sheet band 22 into a first area 24
and a second area 26. The width D1 of the first area 24 is significantly

smaller than the width D2 of the second area 26.

The embodiment illustrated in Fig. 7 b) is simple to produce due to the
fact that all the sides 20 of the end 16 of the magnet slots 10 have the
same and symmetric geometry and that all the rotor bar slots 6 have

the same and symmetric geometry. Hereby one punching tool can be
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used to make the all the sides 20 and similarly another punching tool

may be used to make all the sides 18 of the rotor bar slots 6.

It is possible to provide a notch 29 that extends radially from an end 16
of a magnet slot 10 towards an adjacent arced side 18 of the rotor bar
slot 4. It is also possible to provide more than one notch 28, 29 at the

rotor sheet band 22.

Fig. 8 is a close-up view of a typical prior art rotor 2 for a line start motor.
The magnetic field lines 36, 38, 40 are indicated by lines. An indication
rectangle 34 illustrates that the distal part of the magnet 8 does not
contribute to generate a driving torque since the magnetic field lines
extend along the rotor sheet band 22. The magnetic field lines 36 and
38 that extend along the rotor sheet band 22 are indicated by the indi-
cation ellipse 42 and these magnetic field lines 36 and 38 are referred

to as leakage magnet flux.

Fig. 9 is a close-up view of a rotor 2 according to the invention. A notch
28 is provided in the rotor bar slot 6 and therefore the magnetic field
ine 38 extend along another path than in Fig. 8. The magnetic field line
36, however; extends along the same path than in Fig. 8 and the indi-
cation rectangle 34 is smaller than the one illustrated in Fig. 8. Therefore,
it is a smaller portion of the magnet 8 that does not contribute to gen-
erate a driving torque when compared to Fig. 8. The magnetic flux,
running in undesired directions, is reduced and the magnetic leakage
flux is reduced. Therefore, it is possible to produce a rotor 2 having

smaller magnets than the prior art rotors by using the present invention.

Fig. 10 illustrates another embodiment of a rotor 2 according to the in-
vention. The rotor 2 comprises a number of laminated rotor sheets 4. In
the rotor sheet 4 that is visible in Fig. 10 a rotor bar slot 6 is arranged ad-

jacent fo an end area 16 of a magnet slot 10. The rofor sheet band 22
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provided between the rotor bar slot 6 and the end area 16 of the mag-
net slot 10 has thickness corresponding to a typical prior art rotor. How-
ever; a notch 29 is provided in the rotor sheet bane 22. The notch 29
extends from the edge 21’ of the end area 16 towards the edge 21 of
the rotor bar slot 6. The notch 29 extends basically parallel to the radius
R of the rotor 2. The side 18 of the rotor bar slot 6 and the side 20 of the

adjacent magnet slot 10 extend tangential to a radius R of the rotor 2.

The centre C of the rotor 2 is indicated and it can be seen that section
S of the side 18 extends over an angle B that is so large that a skewed
rofor 2 can be constructed out of rotor sheets 4 in which the angular
positions of a rotor bar slot 6 relative to its adjacent end area 16 differs
between adjacent rotor sheets 4. Preferable, the rotor bar slots 6 ex-
tend along an axis that is inclined relative to the longitudinal axis X of
the rotor 2 and preferably, the magnet slots 10 extend parallel to the

longitudinal axis X of the rotor 2.

Fig. 11 is a close-up view of another rotor 2 according to the invention.
The rotor 2 comprises a number of laminated rotor sheets 4. The visible
rotor sheet 4 has a rotor bar slot 6 that is arranged adjacent to the end
area 16 of a magnet slot 10. The end area 16 has a first side 17 having a
first tangent T, a second side 19 having a second tangent T2 and a
third side 20 having a third tangent Ts. These three sides 17, 19, 20 con-
stitute a triangular portion 15. The angle a1 between the first tangent T,
and the third tangent Ts is about 45 degrees. The angle a2 between the
second fangent T2 and the third tangent Ts is also about 45 degrees.
The angle between the first fangent Ty and the second tangent Tz is

about 90 degrees.

Fig. 12 shows a rotor 2 for a four pole permanent magnet line start mo-
tor. The rotor 2 comprises four sets of box-shaped permanent magnets 8

arranged tangentially and symmetrically in magnet slots 10 at the in-
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nermost part of the rotor 2. Each rotor sheet 4 of the rotor 2 is provided
with rotor bar slots 6, 6’, 6’ arranged radially at the periphery of the
rotor 2. The rotor sheet 4 has eight rotor bar slots 6 that are longer than
the remaining rotor bar slots &', 6''. Each of these rotor bar slots 6 are
longer than the remaining rotor bar slots ', 6''. The rotor bar slots 6 are
arranged so that a short distance is achieved between each rotor bar
slot 6 and its adjacent end area 16 of the magnet slots 10. A notch 28 is

provided in each of the eight longest rotor bar slots 6.

The part of the end area 16 that faces the adjacent rotor bar slot 6 has
a straight side 20 that is arranged basically symmetric relative to a radi-
us R of the rotor 2. Moreover the part of each rotor bar slot 6 that faces
an adjacent end area 16 comprises a basically circular arced side 18
that also is arranged essentially symmetric relative to a radius R of the

rotor 2.

Accordingly, the shortest distance between the straight side 20 and the
basically circular arced side 18 can be kept constant when the rotor
bar slot 6 is rotated (such that an angular displacement is provided be-
tween the rotor bar slot 6 and the basically circular arced side 18) rela-
tive to the magnet slot 10. Hereby it is possible to provide rotor sheets
for a skewed rofor 2 by using the same punching fool for all rotor bar

slots 6 and the same punching tool for all magnet slot 10.
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List of reference numerals

Rotor

Rotor sheet

- Rotor bar slot
Magnet

Magnet slot
Bridge

Rotor bar
Triangular portion
End area

Sides

Edge

Rotor sheet band
First area

Second area
Width

Notch

Interlock member
Angle

Section

Centre

Tangent

PCT/EP2012/055725

Radius of curvature of the circular arced side of the

rotor bar slots

Radius of curvature of the circular arced side of the

rotor bar slots

Longitudinal axis of the rotor
Length

Stator

Indication rectangle
Magnetic field line

- Indication ellipse
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Claims

A rotor (2) for an electric motor, which rotor (2) comprises:

- a plurality of laminated rotor sheets (4) arranged in layers and

each provided with slots (4, 10);

- anumber of permanent magnets (8) arranged within magnet
slots (10) in the laminated rotor sheets (4), where an end area

(16) of each magnet slot (10) is a magnet free area;

- aplurality of rotor bars (14) arranged in rotor bar slots (6) and

- arotor sheet band (22) provided between the end area (16)

and the adjacent rotor bar slot (6),

characterised in that at least one notch (28, 29) extending from
the edge (21) of the rotor bar slot (6) and/or from the edge (21')
of the end area (16) divides the rotor sheet band (22) into a first
area (24) and a second area (26), where the smallest width (D1) of
the first area (24) is smaller than the smallest width (D2) of the se-

cond area (26).

A rotor (2) according to claim 1 characterised in that the at least
one notch (28, 29) is bordering on a first side wall (25) and a se-
cond side wall (27) and that at least a part of the first side wall (25)
and/or a part of the second side wall (27) extends basically per-

pendicular fo edge (21).

A rotfor (2) according to claim 1 or claim 2 characterised in that at

least some of the rotor bar slots (6) have a basically straight side
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(18) extending basically tangential to a radius (R) of the rotor (2)
and that the end (16) of and adjacent the magnet slot (10) has a
side (20) that extends basically parallel to the basically straight
side (18) of the rotor bar slot (6).

A rotor (2) according to one of the preceding claims character-
ised in that at least some of the rotor bar slots (6) have a basically
circular arced side (18) and that the end (16) of the magnet slots

(10) has a basically circular arced side (20).

A rotor (2) according to one of the preceding claims character-
ised in that at least some of the rotor bar slots (6) have a basically
circular arced or straight side (18) and that the end (16) of the
magnet slots (10) has a basically circular arced or straight side (20)
and that the sides (18, 20) are basically symmetric about a radius

(R) of the rotor (2).

A rotor (2) according to claim 4 characterised in that the basically
circular arced side (18) of a rotor bar slot (6) has a radius of curva-
ture (r) that is smaller than the radius of curvature (R) of the basi-

cally circular arced side (20) of an adjacent magnet slot (10).

A rotor (2) according to one of the preceding claims character-
ised in that the first width (D1) is smaller than two times the thick-

ness of one laminated rotor sheet (4).

A rotor (2) according to one of the preceding claims character-
ised in that the length (L) of the first area (22) is smaller than the

length (Lz2) of the second area (24).
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A rotor (2) according to one of the preceding claims character-
ised in that the length (L1) of the first area (22) is smaller than a
fourth of the length (Ls) of that side of the rotor bar slot (6) that

faces the side (20) of an adjacent magnet slot (10).

A rotor (2) according to one of the preceding claims character-
ised in that at least one notch (28, 29) having an elongated ge-

ometry is provided in the first area (24).

A rotor (2) according to one of the preceding claims character-
ised in that the end area (16) of each magnet slot (10) is magnet
free and at least partly filled with air and/or aluminium and/or

plastic and/or glue.

A rotor (2) according to one of the preceding claims character-
ised in that axially extending interlock members (30) are provided

between all adjacent laminated rotor sheets (4).

A rotor (2) according to one of the preceding claims character-

ised in that the rotor (2) is skewed.

A pump device having a line start motor with a rotor according to

one of the preceding claims.

A pump according to claim 13 characterised in that the pump is a

circulator pump.
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