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WIND TURBINE DEVICE

This invention relates to a wind turbine. More particularly,
it relates to a wind turbine in which the rotor of the wind
turbine is connected to a rotor shaft, and in which a torque

is transmitted from the rotor to a power machine.

As wind turbines are built for constantly greater power,
transmission elements transmitting the torque between the
rotor of the wind turbine and a power machine must be

dimensioned up correspondingly.

According to the prior art, a generator is often positioned
in an elevated nacelle at the rotor. The torque is
transmitted from the rotor to the power machine, which is
generally constituted by an electric generator, via a
gearbox. The gearbox is necessary for stepping up the
relatively low rotational speed of the rotor to a rotatiomnal

speed which is suitable for the generator.

The total weight of the gearbox and generator is

considerable. Especially for offshore wind turbines such big
masses positioned at a relatively high level above the seabed
mean that the supporting structures will be comprehensive and

expensive.

It is known to transmit the torque from the rotor via

transmission elements to a generator which is at ground
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level, see for example German patent application 2932293.

The transmission of the torque via a simple, vertical shaft
at substantially the same rotational speed as the rotor is
conditional on the supporting structure of the wind turbine
being dimensioned for absorbing the full torgue about its
vertical axis. This condition is met by using two concentric
counter-rotating shafts for the torque transmission. Thereby
the torque is substantially equalized, whereby the supporting
structure is not subjected to said torques. US patent 4311435
deals with a typical device for torque transmission of this

kind.

The torque of the shafts is relatively great when rotational
speeds are used which correspond to the rotational speed the
rotor. Shafts and other transmission elements for the purpose

may therefore be both big and expensive.

The invention has for its object to remedy or reduce at least

one of the drawbacks of the prior art.

The object is achieved through the features which are
specified in the description below and in the claims that

follow.

A wind turbine is provided, in which the rotor of the wind
turbine is connected to a rotor shaft, and in which the
torque is transmitted from the rotor to a power machine, the
wind turbine being characterized by the torque being
transmitted, between the rotor and the power machine, via a

harmonic gear.

Surprisingly, it has been found that a harmonic gear is well

suited for use in a wind turbine.

A harmonic gear, see the detailed explanation of its
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operation in the particular part of the description, is of
such design that a relatively large number of the teeth of
the gear components are engaged at the same time. This
enables the use of relatively small tooth modules even when
transmitting a considerable torque. Most of the components of
the gear rotate about a common main centre axis, whereas the
rest of the components rotate about a centre axis which is

located relatively near the main centre axis.

Thus, a harmonic gear is both compact and light in relation

to other relevant gears for the same purpose.

Gear ratios may be adapted to the need in each case. For
example, it is quite possible to achieve a gear ratio of one
to ten, that is to say one revolution of the rotor causes the

output shaft of the harmonic gear to make ten revolutions.

According to one aspect of the wind turbine, the rotor shaft
constitutes the input shaft of the harmonic gear. Thereby the
rotor shaft and harmonic gear can be formed with dimensions

further reduced.

A further aspect of the wind turbine is that the harmonic
gear is placed near the rotor. With advantage, the output
shaft of the harmonic gear is coupled to an angular gear, in
which the torgue from the harmonic gear is divided between

two concentric shafts.

Any shock pulses and vibrations that occur may be absorbed
and dampened, for example by the basically stationary gear
rim of the harmonic gear having limited rotatability and
being connected to, for example, a cushioning cylinder. Minor
rotational deflections are thereby allowed for the gear rim
which is rotated back into its initial position when the

pulse has been dampened.
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The provided transmission of torque in a wind turbine enables
a considerable reduction in costs and weight, especially in
the case of large wind turbines. This is achieved by the use
of a relatively light harmonic gear, and by the torque from
the rotor being reduced before it is transmitted to the
components that follow, for example to a generator at ground

level.

In what follows is described an example of a preferred
embodiment which is visualized in the accompanying drawings,

in which:

Figure 1 shows a rotor, transmission elements and a
generator belonging to a wind turbine, the

generator being positioned at ground level;

Figure 2 shows, partially schematically and on a larger
scale, a section through the gear of the wind

turbine;
Figure 3 shows a section II-II of figure 2; and

Figure 4 shows the same as figure 3, but after the output

shaft of the gear has been rotated one turn.

In the drawings the reference number 1 indicates a harmonic
gear which is connected to a rotor 2. The harmonic gear 1 is
connected to an angular gear 4 via an output shaft 6. The
torque from the rotor 2 is distributed in the angular gear 4
to two concentric counter-rotating shafts 8 extending from
the angular gear 4 down to a planetary gear 10 at an electric
generator 12. The generator 12 is located at the ground

level.

In the planetary gear 10 the torgques from the shafts 8 are
gathered before they are transmitted to the generator 12. A
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damper 14 is connected to the shafts 8 to dampen vibrations

in the shafts 8. The shafts 8 may be relatively long.

In the drawings are shown only the rotor 2, harmonic gear 1,
transmission elements 4, 8, 10 and 14 and the generator 12.
Other necessary components, such as a supporting structure,

cables and controls, are not shown.

The harmonic gear 1 is built into a gear housing 16, see
figure 2. The rotor 2 is connected to a rotor shaft 18 which

forms the input shaft of the harmonic gear 1.

The rotor shaft 18 is supported in the gear housing 16 by
means of a first bearing 20 near its end portion facing the
rotor 2. At its opposite end portion, the rotor shaft 18 is
supported internally in the through bore 22 of the output

shaft 6 by means of a second bearing 24.

The output shaft 6 is supported in the gear housing 16 by
means of a third bearing 26 near the angular gear 4. At its
opposite end portion, extending in over the rotor shaft 18,
the output shaft 6 is supported on the rotor shaft 18 by
means of a fourth bearing 28. The rotor shaft 18 and the
output shaft 6 are thus arranged to rotate at different

speeds of rotation about a common centre axis 30.

At its mid portion, the output shaft 6 is provided with a
cylindrical eccentric portion 32, see figure 3. The centre
axis 34 of the eccentric portion 32 is spaced from the centre

axis 30.

A gearwheel 36 which is provided with external teeth 38 is
supported freely rotatable on the eccentric portion 32 by

means of a fifth bearing 40.

The gearwheel 36 and rotor shaft 18 are rotationally
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connected by means of a curved tooth coupling 42 of a design

known per se.

A gear rim 44 which is shown, in figure 4, to be attached to
the gear housing 16, is placed concentrically about the
centre axis 30. The gear rim 44 matches the external teeth 38
of the gearwheel 36 complementarily. A relatively large
number of the external teeth 38 are engaged simultaneously

with the gear rim 44, see figures 3 and 4.

In this exemplary embodiment the number of teeth is: the
Gearwheel Zh = 90 and the Gear Rim Zk = 100.

In figure 3 the centre axis 34 of the eccentric portion 32 is
located vertically above the centre axis 30. It is assumed
that the rotor shaft 18 and gearwheel 36 have then been
turned sufficiently for the output shaft 6 to have made one

turn.

When the output shaft 6 with the eccentric portion 32
rotates, for example anticlockwise, about the centre axis 30,
the gearwheel 36 is brought to rotate clockwise about the
centre axis 34 along the gear rim 44. After one turn of the
output shaft 6 and thereby the eccentric portion 32, all the
teeth of the gearwheel 90 have been engaged with the gear rim
44. Since the gear rim 44 has 100 teeth, the gearwheel 36 has
been moved, after a turn of the output shaft 6, ten teeth
relative to the gear rim 44 in relation to its initial
position, see sector Z in figure 4. The initial positionyis
shown in figure 3. The sector Z indicates the rotation of the

rotor shaft 18 to give a rotation of the output shaft 6.

Thus, the gear ratio is 10/100 = 1/10, or more generally for

a harmonic gear 1 in which the gear rim 44 does not rotate:
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Zk—Zh
Zk

In this exemplary embodiment one revolution of the rotor
shaft 18 causes the output shaft 6 to make ten revolutions in

the opposite direction.
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Claims

A wind turbine device, in which the rotor (2) of the
wind turbine is connected to a rotor shaft (18) and in
which a torque is transmitted from the rotor (2) to a
power machine (12), characterized in
that between the rotor (2) and the power machine (12)

the torque is transmitted via a harmonic gear (1).

The device in accordance with claim 1, charac-
terized in that the rotor shaft (18)

constitutes the input shaft of the harmonic gear (1).

The device in accordance with claim 1, the torque
being transmitted to the power machine (12) by means
of concentric counter-rotating shafts (8), ¢ h a -
racterized 1in that output shaft (6) of the
harmonic gear (1) is connected to an angular gear (4)

which distributes the torque to the two shafts (8).
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