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Abstract

Method and apparatus for manufacturing a rotor

A method for manufacturing a rotor for an electrical machine,

in particular a rotor yoke for a wind turbine generator, com-

F
fp—

prising the steps of

- providing a hollow rolled metal cylinder (1)
- plastically deforming the cylinder (1) permanently to a

predetermined shape and a predetermined size.
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Description

)

Method and apparatus for manufacturing a rotor

The invention concerns a method and an apparatus for manufac-

turing a rotor for an electrical machine, 1in particular a ro-

tor yoke for a wind turbine generator.

t

Hollow shafts of a large diameter, for example, a diameter O:

more than one meter, are needed as rotors for some special

applications. An example for such an application 1s a wind

turbine, where such a hollow shaft is usually used as a rotor

oke for a wind turbine generator, for example a direct drive
g

wind turbine generator.

Such a rotor yoke of a generator for a large scale modern

o~

wind turbine can be built up of a cylinder of rolled steel,

P
p—

having a steel thickness of about 40 mm and a diameter of,

for example, four meters for an outer rotor type generator.

Rotors for inner rotor type generators are somewhat smaller

in dliameter.

The manufacture of such a rotor yoke must take 1nto account

some specifications, for example certain textures of the in-

ner and the outer surface, 1in particular for receiving mag-
nets, and demanding requirements regarding the tolerance ot

the diameter, which can e.g. be in the order of plus/minus

0,5 mm from the desired diameter.

To manufacture such a rotor, it is known to process a hollow
cylinder using machining tools, for example a speclialized
lathe for multiple machining process steps, until the desired

low tolerance of the rotor is achieved. These processing

steps are time consuming and expensive steps of the manufac-
turing process. Consequently, such generators, 1n particular
direct drive generators, are seldom used, despite the other

advantages this kind of generator has.
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It is the object of the current invention to provide a manu-
facturing method for a rotor for an electrical machlne, espe-
cially a rotor yoke for a wind turbine generator, which ex-

cessively reduces the manufacturing time and costs.

This problem is solved by a method of the initially mentioned
kind, comprising the steps ot
- providing a hollow rolled metal cylinder, in particular a

rolled steel cylinder,

- plastically deforming the cylinder permanently to a prede-

termined shape and a predetermined size.

The present invention suggests a totally new approach in the

manufacture of rotors of a large size, such as of one meterx

or more in diameter, in particular rotor yokes, namely proc-

essing the rolled cylinder not by machining, but by forming
techniques. Hence, known forming techniques can be used. In

particular, the step of plastically deforming the cylinder

can comprise cold forming and/or hot forming and/or work

hardening the cylinder. In short, the method can be described
as forcing a rolled steel or rolled iron cylinder to perma-
nently plastically deform to a desired shape and size, 1n

particular of a wind turbine generator rotor yoke.

The method therefore provides an alternative technique to ob-

tain, for example, a rotor fulfilling the requirements to in-

ner surface tolerance and surface texture.

Advantageously, the inventive processing 1s very time saving,

as, for example, a pressing process may take only from a Ifew

seconds to a few minutes, whereas the known technique of ma-

chining may take hours. Additionally, the inventive method

is, once established, very cost efficient, because a very
high manufacturing rate of multiple rotors per hour per appa-

ratus can be achieved, whereas the known method only allows

for a rate of less than one rotor per hour and apparatus.
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Another advantage of the present invention 1s that 1t does

not remove rotor material from the rotor during the manufac-

turing process as opposed to the known methods using machin-

ing, for example by using a turning machine.

As already mentioned, the forming process can in some embodi-

ments of the invention be performed as cold forming. The
metal cylinder, in particular the steel cylinder, 1s deformed

at a temperature substantially below the recrystallization

point of the material, for example at room temperature. Cold

fr—

forming increases the yield strength and hardness of the

plate material by introducing defects into the material’s

crystal structure, resulting in hardening.

In another embodiment, the forming process can be performed
as a hot forming process. The metal cylinder, in particular

the steel cylinder, is in this case heated above 1ts recrys-

tallization point and the deformed. Hot forming allows large

deformations to be achieved and prevents residual stress from

accumulating in the material, which ensures good dimensional

stability. For example, temperatures of about 0600 to 700 de-

grees Celsius can be used.

As already mentioned above, the first step of the method com-
prises providing a hollow metal cylinder, 1in particular a
hollow steel cylinder. The cylinder should have a suiltable

wall thickness, for example in the range of 35 mm to 355 mm,
and the length/height of the cylinder should be substantially

the length/height of the desired finished rotor, 1n particu-
lar rotor yvoke. The cylinder can be made from any suitable
metal, in particular iron, or metal alloy, 1n particular any

sultable steel alloy.

In a preferred embodiment, a pressing means 1s arranged 1n-

side or around the cylinder, applyling a pressing force to at

least a part of the inner or outer surface of the cylinder.

In such an embodiment, the cylinder can be provided having a

—
p—

diameter slightly smaller than the desired final diameter of
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I

“i1cient

the rotor. The pressing means can now apply a suf

force to one or more areas of the cyvlinder, so that the de-
sired 1nner diameter 1s achieved. Preferably, a pressing

force 1in a radial direction of the cylinder is applied. In
any case, the force generated by the pressing means must be

sufficient to allow the cylinder material to reach a plastic

deformation state.

In an advantageous embodiment, the surface of the pressing

means contacting the cylinder is structured such that the

e

contacted surface of the cylinder takes a predetermined tex-

ture. In this manner, the inner or outer surface of the cyl-

1nder can be structured while the pressing is in progress.

—
e

The pressing means can be designed to allow the forming of

ilnner or outer surfaces of the rotor of wvarious textures. For

gr—

example, 1f a rotor yoke or the like is to be manufactured,

the texture made may have, 1in a cross-sectional view, the

i

form of a polygon composed of a finite sequence of straight

pr—
r—

lilne segments. The numper of these segments can correspond to

b
p—

the number of pole magnets to be mounted to the rotor subse-

quently.

#

As a preferred further development of the inventive method,

the pressing force 1s applied while the cylinder is arranged

inside a cavity of an outer matrix or an outer mould sur-

rounding and/or supporting the cylinder. While embodiments

are conceilivable 1n which the mould element only works as a

support for the cylinder, the mould element may preferably

F

also define the outer size and shape of the finished product,

such that, 1n a concrete embodiment, the provided cylinder,

which has an outer diameter smaller than the 1nner diameter

F

of the mould element, may be i1nserted into the cavity. In a

further step, the pressing means 1s 1nserted 1nto the cylin-

der. Once the pressing force 1s exerted, the cylinder 1is

plastically deformed such that i1ts outer diameter and shape

1s defined by the mould element, as the cylinder 1s pressed

gp—
—

into the mould element, and the 1nner diameter and shape of

the cylinder are defined by the pressing means/forces. Of
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course, 1n princiliple also an embodiment wherein the mould

element 1s placed inside the cylinder and the pressing means

y—

contact the outside of the cylinder is also conceivable, ap-

plying the aforementioned features and the following features

mutatlis mutandis.

F

A mould element comprising a layer of armoured concrete may

pbe used, forming a solid tube of suitable thickness. Prefera-
bly, a mould element comprilising a matrix structure, in par-
ticular at least one protrusion, corresponding to a desired

predetermined outer texture of the rotor on i1ts inner wall

can be used. The matrix structure forms the transition be-
tween the mould element and 1ts cavity. The matrix structure

may be at least partially, specially hardened. While the ma-

N

trix structure may be realized as a part of the main layer o:

the mould, preferably a moulding element having an in par-

ticular replaceable matrix structure insert is used. In the

method a matrix structure corresponding to a desired prede-

pr—

termined outer texture of the rotor may be inserted into the

mould element, thereby forming the walls of the cavity. By

using a replaceable insert, it can be replaced when it is

worn out or can be replaced with other 1inserts defining other

outer textures, for example having protrusions of other

forms, dependent on the rotor to be manufactured.

The matrix structure, or more specifically, the at least one
protrusion, may take various forms, 1n particular various
heights, wvarious widths and various shapes such as triangu-

lar, square or sine shaped.

The pressing means may apply pressure on the cylinder using

hydraulic and/or electric and/or mechanical means. Suitable

F

pressing means are known 1n the state of the art and can also

be used 1n the present invention.

In an advantageous embodiment, the cylinder 1s sealed and

pressured water is injected into the cylinder as pressing

means. This means that the cylinder 1s provided with some
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means to form a water tight enclosure in the inner of the

cylinder. By applying water under sufficiently high pressure

to the enclosure, the cylinder will undergo cold deformation,

1f applicable until it contacts the inner surface of the

mould element, 1n particular the matrix structure. An advan-

tage of this embodiment 1s that it is a relatively simple

set-up without numerous mechanical parts that have to inter-

act and have to be correctly adjusted.

F

In another preferred embodiment, the pressing of the cylinder

1s performed in multiple steps, for example, in two, three or

P P

four steps. In each of the steps, a portion of the cylinder

1s pressed or the whole cylinder i1s pressed such that only a

part of the whole pressing process 1is completed. In the exam-

ple laid out above, creating an i1nner texture comprising a

polygon of straight segments, a method comprising three steps

-

may be envisaged, performing pressing of the first third of

line segments 1n the first step, performing pressing of a

further third of line segments in the second step and per-

*

forming pressing of the third third of line segments in the
third step.

Preferably, the length and/or pressing force of the pressing

means 1n a radial direction 1s adjusted. In such an embodi-

ment, the pressing means comprises adjustment means allowlng

the length and or the pressing force, in particular in the

radial direction, to be adjusted. In this manner, it can be

ensured that the pressing force can be applied to the cylin-

der with desired levels at specific circumferential positions

of the cylinder.

The pressing means may be controlled by a controlling device,

for example, by a computer program running on a sultable con-

trolling device or computer.

In a further embodiment of the invention, the cylinder is

hot-formed, 1n particular at a temperature 1n the range of

600 to 700 degrees Celsius, and cooled after and/or during
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the forming process. An apparatus for performing the method

may in this case further comprise cooling means for cooliling

P

the cylinder/rotor, 1f applicable the mould element or both.

The step of forming may be performed during the forming proc-

ess and/or after the forming process.

In a second aspect, the invention also concerns an apparatus

for manufacturing a rotor according to the i1nventive method,

comprising a pressing means. All features discussed with re-

spect to the method can also be applied to the apparatus cor-

respondingly.

In a preferred embodiment, the apparatus additionally com-

P

prises a mould element having a cavity for insertion of the

cylinder. While the cavity 1s configured to recelve the cyl-

inder, the pressing means may be configured to be 1nserted

into the cylinder already positioned inside the mould ele-

ment. As described above, the mould element may comprise a

"ace de:

matrix structure on 1fs 1nner sur:

‘1ning the cavity,

and the pressing means may be hydraulic and/or electric

and/or mechanical means.

Further details and advantages ensue

”

from the following de-

tailed description of embodiments of the invention, taken in

conjunction with the drawings, 1in

Fig. 1 11llustrates a step

which:

of a first embodiment of

the method of the invention,

Fig. 2 shows a detail of a cylinder 1n a mouldilng
element,
Fig. 3 illustrates a second step of the first embodil-

ment of the 1invention,

Fig. 4 shows a pressing means positioned 1nside the

cylinder,
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Fig. 5 a state during the pressing process,
Fig. 6 1llustrates a modified second step in a second
embodiment of the method of the invention, and
Fig. 7/ shows a cylinder filled with pressured water

1n a Ccross—-sectilional view.

As a first step of the inventive method for both embodiments
discussed here, a hollow cylinder 1 is provided, in this

case, wherein a rotor yoke for a wind turbine (“rotor” in the

following) 1s to be manufactured, a rolled hollow cylinder 1

ﬁ

made of a suitable steel alloy or iron is used, which can be

manufactured using processes known in the art. The cylinder 1

F

has a wall thickness of 40 mm and a diameter of 4 meters. The

P

inner dlameter of the cylinder 1 is slightly smaller than the

desired 1nner diameter, and the length/height of the cylinder

ﬁ

5 1s already equal to the desired length/height of the rotor.

In the first embodiment, the used apparatus comprises a mould

element 2 and a pressing means 3. The mould element comprises

a layer 4 of armoured concrete defining a cavity 5. The inner

p—

surface ot the concrete layer has a matrix structure 6, in

thlis case defined by a replaceable matrix structure insert 7.

The matrix structure 1s chosen to correspond to a desired

predetermined outer texture of the finished rotor. It is to

be noted that the apparatus may comprise multiple inserts de-

fining different outer textures.

In this embodiment, the matrix structure 6 has protrusions 8§,
see e.g. Fi1g. 2, extending 1n the longitudinal direction.

Generally speaklng, the protrusions 8 may take various forms,

wildths and shapes, for example triangular, sgquare and/or sine

shapes. The whole matrix structure 6 1s specilially hardened.

The cavity 5 has a diameter which 1s larger than the outer
diameter of the cylinder 1, so that in a second step of the

inventive method, the cylinder 1 1s placed 1nside the cavity
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5 of the mould element 2, see arrow 9 in Fig. 1, so that the

cylinder 1 1s supported by the mould element 2, which actu-

ﬁ

ally in the further course of the process also serves as a

mould. Fig. 2 shows the cylinder 1 placed 1nside the mould

element 2.

In a next step of the first embodiment, see Flg. 3, the
pressing means 3 1s 1inserted into the cylinder 1, see arrow
10. In this exemplary embodiment, the pressing means of the

apparatus comprises a plurality of pressing arms 11 adapted

to exert a pressing force via a pressing plate 12 onto the
cylinder 1. The pressing force 1s directed into the radial
direction of the cylinder 1 and is generated by a hydraulic

or pneumatic means not shown in the figures. It 1s noted,

however, that the pressing force generatlng mains may also be

electric and/or mechanic means.

The pressing means further comprises, for each arm 11, a

length adjusting device 13. Alternatively or additionally,

the pressing force can be adjusted. This allows to apply the

pressing force to the cylinder 1 with desired levels at spe-

cific circumferential and/or longitudinal positions of the
cylinder 1. The adjusting device 13, as well as the whole
pressing means 3, 1is controlled by a controlling device (not
shown), in this case by a computer program running on a com-

puter.

While in the first embodiment shown in the figures an 1inner

gip—

texture of the rotor is not needed, 1is should be noted at

this point that the pressing means 3 can be designed to make

inner surfaces of the rotor of various textures. For example,

an inner texture may be formed for receiving pcle magnets to

be mounted to the rotor subsequently. In this case, the tex-

ture may have, in a cross-sectional view, a form of a polygon

composed of a finite sequence of straight line segments, sO
that longitudinally extending seatings for magnets are

formed.
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As the pressing means 3 1s controlled by the controlling de-

gr—

vice and the lengths of the arms 11 and/or the pressing force

can be adjusted, the now following pressing step of the in-

ventive method can be performed either in one go or in multi-

ple steps, for example three steps. In any case, starting

from the situation in Fig. 4, the cylinder 1 is pressed so

that 1t plastically deforms into the desired shape and size,

defined by the pressing means 3 and the mould element 2.

Fig. 5 shows a state occurring during the pressing process of

the first embodiment; the outer surface of the cylinder 1 al-

ready contacts the protrusions 8 of the matrix structure 6

while the material begins to fill the recesses between the

protrusions 8, so that finally the desired texture is formed.

The first embodiment can also be performed comprising hot

forming, for example at a temperature between 600 to 700 de-

grees Celsius. If so, the apparatus also comprises cooling

means not shown in the figures, configured to cool the cylin-

der 1 and/or the mould element 2 during and/or after the

forming process.

Finally, the cylinder 1 is removed from the mould element 2

as the desired rotor.

It should also be noted that the present invented method is

not limited to the manufacture of “outer rotor” type rotor
yokes, where magnets are to be mounted on the inner wall of
the rotor yoke. The method of the invention may, mutatis mu-
tandis, be used for manufacturing “inner rotor” type rotor

yokes where magnets are to be mounted in the outer wall of

the vyoke. .

As for manufacturing said inner rotor type rotor yokes, the

cylinder 1 may, for various embodiments, be places around a

mould element which 1s prepared for receiving a sultable cyl-

indexr of the type.
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Fig. 6 and 7 illustrate a second, modified embodiment of the

invention, wherein water 14 1s used as a pressing means.

In this embodiment, water 14 is injected 1nto the cylinder 1
using an inlet 15, which 1s again arranged 1nside the mould
element 2. The provide a water tight enclosure 1n the inner

ﬁ

of the cylinder 1, suitable sealing means 16 are used. At a

sufficiently high pressure, water 14 1s 1nlet into the enclo-
sure, so that the cylinder 1 undergoes cold deformation. The
forming process ends once the cylinder 1 contacts the matrix

structure 6, acgulring the respectlve outer texture.

In a third embodiment (not illustrated), the cylinder 1is

formed substantially as described in the first embodiment but

without being inserted into or around a mould element 2. For

this embodiment the formed size and shape of the cylinder 1

R—

is exclusively determined by the pressing means 3 contacting

the inner or outer surface of the cylinder 1.
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Claims
1. A method for manufacturing a rotor for an electrical ma-

chine, in particular a rotor yoke for a wind turbine genera-

p—
Pa—

tor, comprising the steps of

- providing a hollow rolled metal cylinder (1)
- plastically deforming the cylinder (1) permanently to a

predetermined shape and a predetermined size.

2 . Method according to claim 1, characterized in that the
step of plastically deforming the cylinder (1) comprises cold

forming and/or hot forming and/or work hardening the cylinder

(1) .

3. Method according to claim 1 or 2, characterized 1in that
a pressing means (3) 1is arranged inside or around the cylin-
der (1), applying a pressing force to at least a part of the

—

inner or outer surface of the cylinder (1).

4 . Method according to claim 3, characterized 1n that

wherein a pressing force in a radial direction of the cylin-

der (1) is applied.

5. Method according to claim 3 or 4, characterized in that

the surface of the pressing means (3) contacting the cylinder

(1) is structured such that the contacted surface of the cyl-

inder (1) takes a predetermined texture.

o . Method according to one of claims 3 to 5, characterized
in that the pressing force is applied while the cylinder (1)
is arranged inside a cavity (5) of an outer mould element (2)
surrounding and/or supporting the cylinder (1) or an inner

mould element (2) is arranged inside the cavity of the cylin-
der (1).

7. Method according to claim 6, characterized 1n that a

mould element (2) comprising a layer (4) of armoured concrete

1s used.
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g . Method according to claim 6 or 7, characterized in that
a mould element (Z2) comprising a matrix structure (6), in
particular at least one protrusion (8), corresponding to a
desired predetermined texture of the rotor on its inner or

outer wall 1s used.

9. Method according to claim 8, characterized in that a
mould element (2) having an in particular replaceable matrix

structure 1insert (7) 1s used.

10. Method according to one of the claims 3 to 9, character-
1zed 1n that the pressing means (3) applies pressure on the
cylinder (1) using hydraulic and/or electric and/or mechani-

cal means.

11. Method according to one of the claims 3 to 10, charac-
terized 1in that the cylinder (1) is sealed and pressured wa-

ter (14) 1s 1njected 1nto the cylinder (1) as pressing means.

12. Method according to one of the claims 3 to 10, charac-

g

terized 1in that the pressing of the cylinder (1) is performed

in multiple steps and/or the length and/or pressing force of

the pressing means (3) 1n a radial direction 1s adjusted

and/or the pressing means (3) is controlled by a controlling

device.

13. Method according to one of the preceding claims, charac-

terized 1n that the cylinder (1) 1s hot-formed, in particular

at a temperature 1n the range of 600 to 700 degrees Celsius,

and cooled after and/or during the forming process.

14. An apparatus for manufacturing a rotor according to a

method of one of the claims 1 to 13, comprising a pressing

means (3).

15. An apparatus according to claim 14, further comprising a

mould element (2) having a cavity (5) for 1nsertion of the
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cylinder (1) or suited to be 1lnserted inside the cavity of
the cylinder (1).
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FIG 3

FIG 4
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