wo 2017/029308 A1 |1 I} 00T OO0 O RO

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2017/029308 A1l

23 February 2017 (23.02.2017) WIPO | PCT
(51) International Patent Classification: (74) Agent: KOLSTER OY AB; (Iso Roobertinkatu 23),
HO2K 3/52 (2006.01) HO2K 1/24 (2006.01) P.O.Box 148, 00121 Helsinki (FI).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/EP2016/069476 kind of national protection available). AE, AG, AL, AM,
(22) Imternational Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
’ BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
17 August 2016 (17.08.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
201510508243.0 18 August 2015 (18.08.2015) CN SD, SE, SG, SK, SL, SM, ST, 8V, S8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ABB SCHWEIZ AG [CH/CH]; Brown Boveri
Strasse 6, 5400 Baden (CH). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: AARNIVUO, Samu; c¢/o ABB Oy, Strémber- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

gintie 1, 00380 Helsinki (FI). HEIKEL, Carl-Mikael; c/o
ABB Oy, Strémbergintie 1, 00380 Helsinki (FI). HUJAN-
EN, Sami; c¢/o ABB Oy, Strombergintie 1, 00380 Helsinki
(FI).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
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, SI, SK,

[Continued on next page]

(54) Title: AN ELECTRIC MACHINE

(57) Abstract: An electric machine comprises a rotor being rotatable around a

Fig. 3 110

'«’| A

101

125 421 423 424 422

longitudinal centre axis of rotation. The rotor comprises poles (120, 130, 140,
150) distributed at an equal angular distance around a circumference of the rotor.
Each pole (120, 130, 140, 150) is formed of a pole body (121, 131, 141, 151) and
a pole shoe (122, 132, 142, 152). A rotor winding (125, 135, 145, 155) is wound
around each pole body (121, 131, 141, 151). Support beams (126, 127, 136, 137,
146, 147, 156, 157) extend axially through the pole shoe (122, 132, 142, 152) so
that each end portion of the support beams (126, 127, 136, 137, 146, 147, 156,
157) extend beyond the axial ends of the pole (120, 130, 140, 150). The support
beams (126, 127, 136, 137, 146, 147, 156, 157) support the end portions of the
rotor winding (125, 135, 145, 155) in the radial direction against centrifugal
forces. The axial outer ends of the support beams (126, 127, 136, 137, 146, 147,
156, 157) are attached with radially extending fastening means (410, 421, 422)
based on a compression joint to a shaft (101) of the rotor (100).
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AN ELECTRIC MACHINE

FIELD OF THE INVENTION

The invention relates to an electric machine.

Electric machines i.e. electric motors and electric generators are
used in many applications. Electric motors are used to drive different kinds of
machines and electric generators are used to produce electric power.

A rotor in an electric machine comprises normally a shaft and poles
distributed at an equal angular distance around a circumference of the rotor
and extending axially along the rotor. Each pole is formed of a pole body
extending radially outwards from the shaft of the rotor and a pole shoe at an
outer end of the pole body. The outer curved surface of the pole shoe forms
the outer surface of the rotor. A rotor winding is wound around each pole body,
the rotor winding comprising two axial straight portions at each side of the pole
body and two end portions connecting the axial straight portions at each end of
the pole body. Support beams extend axially through the pole shoe so that
each end portion of the support beams extend beyond the axial ends of the
pole. The support beams keep the pack of sheets in the pole together and
support the end portions of the rotor winding in the radial direction against
centrifugal forces. The pole body and the pole shoe are formed as one single
entity.

The axial end portions of the support beams are subjected to heavy
stresses due to centrifugal forces causing the curved end portions of the rotor
winding to be pressed against the outer ends of the support beams. The
weight of the rotor winding in one pole in a big electric machine can be in the
order of several hundred kilograms. The centrifugal forces acting on the ends
of the support beams will cause the support beams to bend outwardly. This
bending will cause heavy stresses on the support beams at the axial point
where the support beams protrude from the pole shoe.

The rotational speed of a big electric machine can be in the order of
1500 rpm or more and the diameter of the rotor can be in the order of 0.5 m or
more. The centrifugal forces acting on the end portions of the support beams
are thus really big.

This means that the support beams have to be manufactured from
high strength steel in order to withstand these centrifugal forces. High strength
steel is, however, expensive and it is not produced in all parts of the world. It
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would be a benefit if steel having lower strength i.e. constructional steel could
be used for the support beams.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to achieve an improved electric
machine.

The electric machine according to the invention is defined in claim 1.

The electric machine comprises a rotor being rotatable around a
longitudinal centre axis of rotation,

the rotor comprising axially along the rotor extending poles
distributed at an equal angular distance around a circumference of the rotor,

each pole being formed of a radially outwards extending pole body
and a pole shoe at an outer end of the pole body, the pole shoe having a
curved outer surface forming an outer surface of the rotor,

a rotor winding being wound around each pole body, the rotor
winding being formed of two axial portions at each side of the pole body and
two end portions connecting the axial portions at each axial end of the pole
body,

support beams extending axially through the pole shoe so that each
end portion of the support beams extend beyond the axial (X-X) ends of the
pole,

the support beams supporting the end portions of the rotor winding
in the radial direction against centrifugal forces.

The electric machine is characterized in that

the axial outer ends of the support beams are attached with radially
extending fastening means based on a compression joint to a shaft of the
rotor.

The use of radially extending fastening means for attaching the axial
outer ends of the support beams will reduce the stresses in the support beams
considerably compared to a situation where the outer ends of the support
beams are free. This inventive arrangement changes the traditional cantilever
support beam to a structure supported at both axial ends. This change in
structural design will reduce the bending moment and thereby the heavy
stresses acting on the support beam. The bending moment acting on the
support beam is reduced to about 50% compared to that of a cantilever
support beam. The change is naturally depending on the length of the support
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beam, but this reduction of about 50% is achieved in this case when the length
of the support beam is in the order of three times the width of the cross section
of the support beam. The shear force acting on the support beam is reduced to
about 50% compared to that of a cantilever support beam.

The support beams in prior art cantilever support arrangements
have to be manufactured from high strength steel in order to withstand these
high stresses. The inventive arrangement makes it possible to use steel having
a lower strength i.e. constructional steel in the support beams.

The invention is especially suitable to be used in big electric
machines having a shaft height of at least 0.5 m.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Fig. 1 shows a longitudinal cross section of an electric machine,

Fig. 2 shows a traverse cross section of a rotor of an electric
machine,

Fig. 3 shows an axonometric view of a section of an electric
machine according to the invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

Fig. 1 shows a longitudinal cross section of an electric machine. The
electric machine 300 comprises a longitudinal centre axis X-X, a cylindrical
rotor 100 and a cylindrical stator 200 surrounding the rotor 100.

The rotor 100 comprises a middle portion 110 provided with a rotor
winding (not shown in the figure) and two end portions 102, 103 at each axial
X-X end of the middle portion 110. Each end portion 102, 103 of the rotor 100
is rotatably supported on a bearing 104, 105 provided in a bearing house 106,
107, which is supported on a support structure R.

The stator 200 comprises a stator core 210 and a stator frame 220
surrounding the stator core 210. The stator frame 220 can be of any
construction. The stator core 210 is attached e.g. through welding or through
compression joints based on bolts to the stator frame 220 and the stator frame
220 is supported on a support structure R. The stator core 210 is further
provided with a stator winding. The figure shows only the winding ends 211A of
the stator winding.
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There is an air gap G1 between the outer surface of the middle
portion 110 of the rotor 100 and the inner surface of the stator core 210.

The electric machine 300 can be an electric motor or an electric
generator.

Fig. 2 shows a traverse cross section of a rotor of an electric
machine. The figure shows the middle portion 110 of the rotor 100 provided
with four poles 120, 130, 140, 150 distributed at an equal angular distance
around a circumference of the rotor 100 and extending axially X-X along the
rotor 100. The shaft 101 passes through the middle portion 110 of the rotor
100 and the magnetic core 115 of the rotor 100 is attached to the shaft 101.
The poles 120, 130, 140, 150 are part of the magnetic core 115 of the rotor
100.

Each pole 120, 130, 140, 150 is formed of a pole body 121, 131,
141, 151 extending radially outwards from the shaft 101 and a pole shoe 122,
132, 142, 152 at an outer end of the pole body 121, 131, 141, 151. The cross
section of the pole shoe 122, 132, 142, 152 has the form of a mushroom cap.
The outer curved surface of the pole shoe (122, 132, 142, 152) forms the outer
surface of the rotor 100. The pole body 121, 131, 141, 151 and the pole shoe
122,132, 142, 152 are formed as one single entity together with the magnetic
core 115.

A rotor winding 125, 135, 145, 155 is wound around the pole body
121, 131, 141, 151, a lap of the rotor winding 125, 135, 145, 155 is formed of
two axial X-X portions at each side of the pole body 121. 131, 141, 151 and
two end portions connecting the axial X-X portions at each end of the pole
body 121, 131, 141, 151. The rotor winding 125, 135, 145, 155 passes in the
axial X-X direction of the rotor 100 along a first side of the pole body 121, 131,
141, 151 and returns back along the opposite second side of the pole body
121,131, 141, 151. The lower surface of the cup like pole shoe 122, 132, 142,
152 supports the straight portions of the rotor winding 125, 135, 145, 155 in
the radial direction against centrifugal forces. The end portions of the rotor
winding 125, 135, 145, 155 that passes at the axial X-X end of the pole 120,
130, 140, 150 from one side to the other side of the pole 120, 130, 140, 150
are, however, not supported by the pole shoe 122, 132, 142, 152.

Support beams 126, 127, 136, 137, 146, 147, 156, 157 extend
axially X-X through the pole shoe 122, 132, 142, 152 so that each end portion
of the support beams 126, 127, 136, 137, 146, 147, 156, 157 extend beyond
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the axial X-X ends of the pole 120, 130, 140, 150. The support beams 126,
127, 136, 137, 146, 147, 156, 157 support the curved end portions of the rotor
winding 125, 135, 145, 155 in the radial direction against centrifugal forces.
The outer ends of the support bars 126, 127, 136, 137, 146, 147, 156, 157 are
in prior art solutions free i.e. they are not supported on the rotor 100 in any
way.

Each pole 120, 130, 140, 150 is made of sheets, which means that
axial support bars passing through the pole 120, 130, 140, 150 are needed in
order to keep the package of sheets together. The support beams 126, 127,
136, 137, 146, 147, 156, 157 may be used to hold the package of sheets
together. The support beams 126, 127, 136, 137, 146, 147, 156, 157 are in
such case attached e.g. by welding from the root to the outermost sheets of
the pole 120, 130, 140, 150. Another possibility would be to use a threaded
joint and nuts in order to attach the support beams 126, 127, 136, 137, 146,
147, 156, 157 to the outermost sheets of the pole 120, 130, 140, 150.

Fig. 3 shows an axonometric view of a section of an electric
machine according to the invention. The section shows one pole 120 of the
rotor 100. The outer ends of the support bars 126, 127 are attached with
radially extending fastening means 410, 421, 422, 423, 424 to the shaft 110.
The fastening means 410, 421, 422 comprises a ring member 410, bushings
423, 424 and fastening bolts 421, 422. The ring member 410 is attached to the
shaft 101. Each of the bushings 423, 424 extend radially between an axial X-X
outer end of each support beam 126, 127, 136, 137, 146, 147, 156, 157 and
an outer perimeter of the ring member 410. Each of the fastening bolts 421,
422 extend radially through the axially X-X outer end of the support beam 126,
127,136, 137, 146, 147, 156, 157 and further through the bushing 423, 424 to
a threaded hole in the ring member 410. Each outer end of each support beam
421, 422 becomes attached to the shaft 101 through the bushing 423, 424 and
the fastening bolt 421, 422.

The ring member 410 is advantageously also used as the balancing
ring for the rotor of the electric machine. The balancing ring may be provided
with holes at the perimeter of the ring. Some of the holes can then be filled with
bars in order to balance the rotor of the electric machine.

The cross section of the support beams 126, 127, 136, 137, 146,
147, 156, 157 for the portion being inside the poles 120, 130, 140, 150 and the
portion being outside the poles 120, 130, 130, 150 could be the same or
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different. The cross section of the support beams 126, 127, 136, 137, 146,
147, 156, 157 is in the figures circular throughout the axial X-X length of the
support beams 126, 127, 136, 137, 146, 147, 156, 157. The cross section of
the of support beams 126, 127, 136, 137, 146, 147, 156, 157 could be of any
form e.g. rectangular or polygonal or elliptical or partly circular or curved with a
straight portion.

The fastening means 410, 421, 422, 423, 424 consists in the figure
of a ring member 410, radial bushings 423, 424 and radial fastening bolts 421,
422. The axial outer ends of the support beams 126, 127, 136, 137, 146, 147,
156, 157 could instead by attached with radial fastening bolts 421, 422 passing
directly to the middle portion 110 of the rotor 100. Bushings 423, 424 might not
be necessary in such a case.

It is advantageous to use radial fastening bolts 421, 422 instead of
axial fastening bolts. The ring member 410 can be made smaller when radial
bolts 421, 422 are used. Radial bolts 421, 422 can withstand greater radial
forces compared to axial bolts.

Figure 2 shows four poles 120, 130, 140, 150, but the electric
machine could naturally have any number of poles. The poles 120, 130, 140,
150 are formed as an integral part of the magnetic core 115 of the rotor 100.
The shaft 101, 102, 103 is formed of a middle portion 101 passing within the
middle portion 110 of the rotor and of the end portions 102, 103 at opposite
ends of the middle portion 101 of the shaft. The magnetic core 115 is attached
to the middle portion 101 of the shaft 101, 102, 103.

The salient rotor 100 could be of any type i.e. the invention is not
limited to the salient rotor 100 shown in the figures.

It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the examples described
above but may vary within the scope of the claims.
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CLAIMS

1. An electric machine comprising a rotor (100) being rotatable
around a longitudinal centre axis (X-X) of rotation,

the rotor (100) comprising axially (X-X) along the rotor (100)
extending poles (120, 130, 140, 150) distributed at an equal angular distance
around a circumference of the rotor (100),

each pole (120, 130, 140, 150) being formed of a radially outwards
extending pole body (121, 131, 141, 151) and a pole shoe (122, 132, 142, 152)
at an outer end of the pole body (121, 131, 141, 151), the pole shoe (122, 132,
142, 152) having a curved outer surface forming an outer surface of the rotor
(100),

a rotor winding (125, 135, 145, 155) being wound around each pole
body (121, 131, 141, 151), the rotor winding (125, 135, 145, 155) being formed
of two axial (X-X) portions at each side of the pole body (121. 131, 141, 151)
and two end portions connecting the axial (X-X) portions at each axial (X-X)
end of the pole body (121, 131, 141, 151),

support beams (126, 127, 136, 137, 146, 147, 156, 157) extending
axially (X-X) through the pole shoe (122, 132, 142, 152) so that each end
portion of the support beams (126, 127, 136, 137, 146, 147, 156, 157) extend
beyond the axial (X-X) ends of the pole (120, 130, 140, 150),

the support beams (126, 127, 136, 137, 146, 147, 156, 157)
supporting the end portions of the rotor winding (125, 135, 145, 155) in the
radial direction against centrifugal forces,

characterized in that

the axial outer ends of the support beams (126, 127, 136, 137, 146,
147, 156, 157) are attached with radially extending fastening means (410, 421,
422) based on a compression joint to a shaft (101, 102, 103) of the rotor (100).

2. An electric machine according to claim 1, characterized in that
the fastening means (410, 421, 422) comprises a ring member (410) attached
to the shaft (101, 102, 103), a bushing (423, 424) extending radially between
each axial (X-X) outer end of each support beam (126, 127, 136, 137, 146,
147, 156, 157) and an outer perimeter of the ring member (410), a fastening
bolt (421, 422) extending radially through the axially (X-X) outer end of each
support beam (126, 127, 136, 137, 146, 147, 156, 157) and further through the
bushing (423, 424) to threaded holes in the ring member (410), whereby the
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outer ends of the support beams (421, 422) become attached through the
fastening bolts (421, 422) to the shaft (101, 102, 103) of the rotor (100).

3. An electric machine according to claim 1 or 2, characterized in
that the ring member (410) is the balancing ring of the electric machine.

4. An electric machine according to any of claims 1 to 3,
characterized in that the electric machine has a shaft height of at least 0.5 m.

5. An electric machine according to any of claims 1 to 4,
characterized in that the support beams (126, 127, 136, 137, 146, 147, 156,
157) are made from constructional steel.
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