wo 2010/086362 A2 I I ANKO 0 OO OO

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

oo o
1 rld Intellectual Property Organization 2 ey
(19) World Intellcctual Property Organization /i 1IN NI 00 ALY A0 00 OO 0O AN A
International Bureau W U
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10
5 August 2010 (05.08.2010) PCT WO 2010/086362 A2
(51) International Patent Classification: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
FO3D 11/02 (2006.01) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
i L. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(21) International Appllcatlon Number: ME. MG. MK, MN. MW. MX. MY. MZ. NA. NG. NL
PCT/EP2010/050987 NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(22) International Filing Date: SE, 8G, SK, SL, SM, ST, SV, S§Y, TH, TJ, TM, TN, TR,
28 January 2010 (28.01.2010) TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
L. ) kind of regional protection available): ARIPO (BW, GH,
(26) Publication Language: English GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
(30) Priority Data: ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,
20090433 28 January 2009 (28.01.2009) NO TM), European (AT, BE, BG, CI, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for all designated States except US): FOBOX MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
AS [NO/NOQOYJ; c/o Fred. Olsen & Co., P.O.Box 1159 Sen- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
trum, N-0107 Oslo (NO). ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:
(75) Inventor/Applicant (for US only): TIENSVOLL, Gaute as to applicant's entitlement to apply for and be granted
[NO/NOJ; Trosterudveien 51A, N-0778 Oslo (NO). a patent (Rule 4.17 (i)
(74) Agent: PROTECTOR IP CONSULTANTS AS: OS _  einommorship (Rule 4.17(iv))
carsgate 20, N-0352 Oslo (NO). ’
Published:
(81) Designated States (unless otherwise indicated, for every ublishe

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DRIVE DEVICE FOR A WIND TURBINE

(57) Abstract: Drive device for a wind mill comprising a large pulley (21) disposed on a main shaft (22) and at least one belt (27)
or chain adapted to transfer rotation from the pulley (21) to a generator (30, 31). The pulley (21) is rotationally coupled to at least
two secondary shafts (23, 24), which are disposed parallel to the main shaft (22). One or more belts (27), which transfer the rota-
tion, extend over the pulley (21) and the secondary shafts (23, 24). The secondary shatts (23, 24) are in turn rotationally coupled
to at least one, preferably two, electric generators (30, 31).



10

15

20

25

30

WO 2010/086362 PCT/EP2010/050987

Drive device for a wind turbine
The present invention relates to a drive device for a wind turbine according

to the preamble of the following claim 1.

In most of today's wind turbines the drive unit is placed in a nacelle, which
also carries the wind turbine rotor. The nacelle is necessarily arranged on top of

a high mast and rotates so that the rotor is always facing the wind.

Such placement of the drive unit results in a great weight at the top of the mast
and that access for maintenance is a challenge. Yet it is this position of the
drive unit and the generators that is used extensively as the alternative is that
the rotational torque must be transmitted via a shaft through the mast,
something that leads to losses and requires that the mast can absorb the

reaction torque from the rotating shaft.

There is therefore an urgent need to simplify the drive unit and make it lighter.
There is also a need to make access for maintenance easier. These are the
main aims of the present invention, and these are achieved by the features that

appear in the characterising part of claim 1.

To use a belt to transmit the rotation from the rotor to a generator is known
from, among others, WO 2008/028335 and JP 2005023893. However, the
present invention aims to utilise the characteristics of the belt operation, or
possibly the chain operation, better so that a more compact drive device can be
achieved with additional operational benefits.

Some of the benefits that can be achieved by the invention in relation to the belt

operation, according to the known solutions are:

¢ One gets a doubling of the utilisation of the capacity of the belts with
respect to the known belt operation. This relates, in particular, to large
(and therefore costly) belts and associated large belt wheels.

e The structure becomes more compact.

e The torque over the drive shaft is balanced.
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The generation of power can be divided onto two generators that can be
open to a more reasonable generator control system.
The time before one needs to replace belts can be made longer because

one can drive the torque on a single generator when there is little wind.

In comparison to traditional drive systems with cogged wheel transfer, or direct

operation, one can achieve the following benefits:

Reduction of shock loads (large momentum changes, vibration, etc. are
dampened).

Makes complex lubrication and cooling systems unnecessary.

The system will be less prone to corrosion and have lower maintenance
needs. This is particularly relevant for offshore wind turbines. The belt
wheels can, for example, be given a zinc coating to reduce corrosion,
something that is not possible with cogged wheel transmissions.

A weight saving is achieved by integrating the drive shaft in the belt
wheel and also by taking up the torque over a large radius instead of a
small radius inside a gearbox.

The number of parts that must be manufactured in the production of the
drive system is significantly reduced.

A large part of the maintenance can be done without the use of a large
crane. The belts are most susceptible to wear, but even the big belts do
not weigh more than 70-100 kg. The belt wheel will not be subjected to
wear as the belt is soft.

Scaling up to, for example, 5, 7 and 10 MW, will be possible without the
mass of the drive system increasing exponentially. The mass of a 5 MW
turbine with gearbox or direct drive will quickly become very heavy.

The power from the rotor can be distributed to several standard
generators, something which results in increased flexibility.

A larger exchange can be brought about in one step than with cogged
wheel transmission. This is because a large exchange in cogged wheel
transmissions leads to high pressure forces on the cogs, something
which results in much wear. With a belt operation, there will be a softer

transmission and some slip may be acceptable at abrupt torque changes.

PCT/EP2010/050987
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e A Dbelt drive system also has advantages compared with direct operation.
With direct operation a relatively low rotational speed is transmitted to the
generator. This means that the generator must be large and heavy. At

higher rotational speeds one can use smaller and lighter generators.

The invention shall now be explained in more detail with reference to the

accompanying drawings, where:

Figure 1 shows a known nacelle for a wind turbine with a rotor hub, a drive unit

and a generator.

Figure 2 shows a nacelle similar to that shown in Figure 1, but with a drive

device according to the invention.

Figure 3 shows the drive device according to the invention in perspective.

Figure 4 shows the drive device according to the invention in perspective from
the opposite side and

Figure 5 shows the drive device according to the invention in a split drawing.

Firstly, the known nacelle according to figure 1 shall be briefly explained. It
comprises a rotor hub 1 to which the wind turbine blades (not shown) are
attached. The hub 1 is mounted in a main bearing 2 and is connected to a main
shaft 3. The main shaft is connected to a main gear 4. The gear 4 is fitted with a
brake 5. The gear is connected to a generator 7 via a connection 6. The nacelle
is also fitted with a swivel bearing 8, swivel gear 9 and swivel ring 10 for rotation

of the nacelle in relation to a tower 11, on which the nacelle is placed.

The present invention aims to replace the following components in the known
nacelle above: the main shaft 3, the main gear 4, the brake 5 and the

connection 6.

PCT/EP2010/050987
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Figure 2 shows the nacelle in figure 1 with the drive device according to the
invention placed at an intended location and with the known nacelle as a
background.

However, before figure 2 is explained, the drive device according to the
invention shall be explained with reference to the figures 3 -5, which show the

drive device according to the invention separate from the nacelle.

The drive device is mounted in a frame 12, which has a first opening 13 at the
one end that faces away from the hub 1 and a second opening 14 at its other
end facing towards the hub 1. The opening 14 is circular and is set up to receive
a rotation bearing 15. The frame also includes a load-carrying wall 16 for a main
shaft bearing 17. The load-carrying wall 16 is equipped with openings 18 and
19. The frame 12 is designed at the bottom to take up a swivel bearing for
rotation of the nacelle in relation to the tower. The frame also has an opening 20

in this area.

A large belt disc wheel 21 is mounted between the swivel bearing 15 and main
shaft bearing 17 with the help of a main shaft 22. Two secondary shafts 23 and
24 are mounted in parallel with the large belt disc 21 and the main shaft 22.
Each of these is fitted with a small belt disc 25, 26 at the ends facing away from
the hub 1. A set of belts 27 extends around the large belt disc 21 and the
secondary shafts 23, 24 to transmit the rotation torque from the large belt disc
21 to the secondary shafts 23, 24. The secondary shafts 23, 24 are mounted
between brackets 28, 29 at the side of the opening 14 and the load-bearing wall
16. Two generators 30, 31 are attached to the frame 12 and have generator
shafts 32, 33 that extend through the load-bearing wall 16. These generator
shafts 32, 33 are in rotational connection with each of the small belt discs 25, 26
via sets of belts 34, 35.

The large belt disc 21 is provided with spokes 36 so that four openings 37 are
formed through the belt disc 21 itself.

The above mentioned results in a compact unit that can form a load-bearing
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part of the nacelle. Figure 2 shows how this unit will be placed in the nacelle.
The hub will be connected directly to the large belt disc 21 by means of a
number of bolts that are screwed into the bolt holes 38 in the belt disc 21.

Thus the rotation of the hub will lead to a rotation of the large belt disc 21. This
will in turn be transmitted to the secondary shafts 23, 24 via the belts 27 and on
to the generators 30, 31 via the small belt discs 25, 26 and the belts 34, 35.
Since the large belt disc 21 has a significantly larger diameter than the
secondary shafts 23, 24, even a small rotational speed of the hub will cause a
large rotational speed of the secondary shafts 23, 24. A very large exchange in

one step is thereby achieved.

The parallel and diametrically opposite secondary shafts 23, 24 provide a good
balance the large belt disc 21. The tightening of the belt can be adjusted by
moving the secondary shafts sideways, as is suggested by the oblong holes 39
in the brackets 28, 29 and the load-bearing wall 16. The tightening of the belts
34, 35 can be carried out in a similar way, by displacing the generators 30, 31
sideways, as is indicated by the oblong holes 40 in the load-bearing wall 16.

If the wind is weaker than that required to provide half the power production,
one of the generators can be disconnected. The possibility to disconnect half of
the generator power means that one can achieve a wider regulating range for
the wind turbine where there is little wind, than with the help of a single

generator and conventional double-fed generator control.

Although two secondary shafts and two generators are described in the above,
there is nothing in the way of using several secondary shafts and generators. A
principle diagram of a system with three secondary shafts 23a, 23b, 23c, which
by way of the one set of belts 27 is in rotational connection with a large belt disc
21, is shown in figure 6. Instead of belts 27, 34, 35, one or more chains that
engage with the cogs of the large disc and the secondary shaft can also be
used.

Instead of each of the secondary shafts being in connection with their own
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generator, these can be rotationally connected with a common generator. An
example of this is shown in figure 7, where the small belt discs 25, 26 are
connected via a belt disc set 34, 35 to a common generator shaft 32a that goes
into a common generator 30a. Today, this is the most relevant embodiment.

The way the frame 12 is designed and the way the drive unit is positioned in the
frame, offer good access for inspection and maintenance. Personnel can come
up in the frame 12 via the opening 20, which is in connection with an opening at
the top of the tower. From here, the personnel can get to the back of the nacelle
via the opening 13 and to the front via the opening 18 or 19. Moreover, it is
possible to crawl through the large belt disc 21 itself via one of the openings 37
and from here into the hub.

The drive device according to the invention will also be equipped with a brake
which will ensure that nothing rotates while there are people in the nacelle. This
brake will most appropriately be arranged at the two small belt discs or on the
generators and be active until the maintenance personnel have manually locked

the large belt disc and the hub.

PCT/EP2010/050987



10

15

20

25

30

WO 2010/086362 PCT/EP2010/050987

Claims.

1.

Drive device for a wind turbine comprising a large belt disc or chain disc
arranged on a main shaft and at least one belt or chain to transmit the rotation
from the disc to a generator,characterised inthatthediscisin
rotational connection with at least two secondary shafts which are arranged in
parallel with the main shaft via the smallest belt or chain, said secondary shafts

in turn being rotationally connected to at least one electrical generator.

2.
Drive device according to claim 1,characterised in thatthe secondary
shafts are arranged around the disc at the same angular distance in relation to

each other.

3.
Drive device accordingto clam 1or2,characterised in that atleast

the one belt or chain extends over the disc and at least two secondary shafts.

4.
Drive device according to one of the preceding claims,
characterised in thatthe disc and the main shaft are integrated into

each other.

5.
Drive device according to one of the preceding claims,
characterised in thatthe secondary shafts are rotationally connected

to their individual generators.

6.
Drive device according to one of the clams 1 -4,characterised in that
the secondary shafts are rotationally connected to the same generator.
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7.
Drive device according to one of the preceding claims,
characterised in thatthe disc has large through-going openings in

parallel with the main shaft.

8.

Drive device according to one of the preceding claims,

characterised in thatitis arranged in a frame which provides mounting
for the disc, the main shaft, the secondary shafts and the generators.

0.

Drive device accordingtoclam 8,characterised in thatthe secondary
shafts are mounted so that they can be displaced sideways in the frame in
relation to the main shaft and the disc so that the tightening of the belt or the
chain can be adjusted by moving the secondary shafts.

10.

Drive device according to claims8or9,characterised in thatthe frame
comprises openings which provide access for maintenance when the drive
device is arranged in a nacelle on a wind turbine, as the frame has an opening
towards a tower in which the nacelle is placed and that there are openings
which give access through both ends of the frame, forwards via openings in the

disc and the frame and backwards via openings in the frame.

11.

Drive device according to one of the claims 8, 9or10,characterised in
that the frame comprises a load-bearing wall that provides mounting for one of
the ends of the main shaft and the secondary shafts.
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