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@ Kopsavilkums: Izgudrojums attiecas uz véja
energétisko iekartu ar véja turbinu, kura ar generatora
varpstas (22) palidzibu, kas var bit turbinas varpstas
pagarindjums, ir savienota ar elektriska generatora (11)
rotoru (12). Turbinas varpsta balstas divos gultnukorpusos
(6,7) argultniem (9, 10), kas uzmontéti uz pamatnes (4)
torna (1) augseja gala. Generatoravarpsta (22)irintegréta
fleksivaja turbinas varpsta (8) vai stingi ar to savienota.
Stators (19) un rotors (12) ir izvietoti uz generatora
varpstas (22), lai jautu generatoram (11) sekot fleksivas
turbinas varpstas (8) kustibai. Stators (19) ir noblokéts
attieciba pret grieSanos ar nerotgjo$a savienojuma (20)
palidzibu, kur$ bitiba nepames lieces momentu vai
aksialo spéku, kas darbojas pretim turbinas varpstas (8)
fleksijai, ko izraisa lieces moments, kas darbojas uz
turbinas varstu (8) no tas rumbas puses, pie kam gultni
(9un 10) irizveidoti ta, lai nodrosinatu turbinas varpstas
(8) fleksiju.
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Izgudrojuma formula

1. V&ja energétiska iekarta, kura satur véja turbinu ar turbinas varpstu
(8), kura ar generatora varpstas palidzibu, kas var bt turbinas varpstas
pagarindjums, ir savienota ar elektriska generatora (11) rotoru (12),

- kura rotoru (12) radiali aptver stators (19),

- kura turbinas varpsta (8) balstas divos gultnu korpusos (6, 7) ar
gultniem (9,10), kas uzmontéti uz pamatnes (4) torna (1) augs$éja dala,

- kura pamatne var griezties ap vertikalo asi un

- kura ir aprikota ar motoru (3), lai realizétu grie$anos,

raksturiga ar to, ka generatora varpsta (22) ir integréta fleksivaja
turbinas varpsta (8) vai stingi ar to savienota,

- stators (19) un rotors (12) ir izvietoti uz generatora varpstas (22), lai
lautu generatoram (11) sekot fleksivas turbinas varpstas (8) kustibai, un

- ka stators (19) ir noblokéts attieciba pret grieSanos ar nerotgjosa
savienojuma (20) palidzibu, kurs$ biitiba neparnes lieces momentu vai aksialo
spéku, kas darbojas pretim turbinas varpstas (8) fleksijai, ko izraisa lieces
moments, kas darbojas uz turbinas varpstu (8) no tas rumbas puses, pie kam
gultni (9 un 10) ir izveidoti, lai pielautu turbinas varpstas (8) fleksiju.

2. Véja energétiska iekarta saskana ar 1. punktu, kura generators ir
novietots taja pamatnes (4) pusé, kas ir pretéja véja turbinai, vai starp gultnu
korpusiem (6, 7),

raksturiga ar to, ka stators ir savienots ar nerotéjosu savienojumu
(20), kas paredzéts griezes momenta parnesanai, bet batiba neparnes lieces
momentu, un kas, vislabak, ir izveidots ka gredzenveida disks ar rinkveida
ieloci, kas savieno statoru ar gultna korpusu.

3. Véja energétiska iekarta saskana ar 1. vai 2. punktu, kas raksturiga
ar to, ka nerotéjodais savienojums (20) ir izveidots griezes momenta
parnesanai, bet slapé spékus, kas rodas generatora Issléguma gadijuma.

4. V&ja energétiska iekarta saskana ar jebkuru punktu no 1. lidz 3.
punktam, kas raksturiga ar to, ka stators (19) ir piestiprinats pie generatora
varpstas (2) viena no tas galiem (fig.1) vai ar dubultgultna (fig.2-4) palidzibu,
un rotors ir piestiprinats tiesi pie generatora varpstas (fig.1, 3 un 4) vai ar
Skivja palidzibu generatora varpstas gala (fig.2).

5. Véja energétiska iekarta saskana ar 1. punktu, kas raksturiga ar to,
ka stators (11) ir novietots abas pusés ar elementu (17) palidzibu, kas
nefleksivi balsta statoru (11), kur§ ir nefleksivs attieciba pret generatora
varpstu un turbinas varpstu (8), piestiprinaru pie gultniem (15, 16), kuri
atrodas uz generatora varpstas (fig.1 un 4).

6. Véja energétiska iekarta saskana ar 1. punktu, kas raksturiga ar to,
ka stators (11) ir novietots viena pusé ar Skivveida elementa (17) palidzibu,
kas nefleksivi balsta statoru attieciba pret §eneratora varpstu un turbinas
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varpstu (8), piestiprinatu pie gultniem (15, 16), kuri atrodas uz generatora
varpstas (fig.2 un 3).

7. V&ja energétiska iekarta saskana ar 1. punktu, kas raksturiga ar to,
ka stators (19) un pamatne (4) (fig.5) ir savienoti ar spéku para palidzibu, kas
parvieto elementus (28), izvietotus radiali prom no generatora varpstas (22)
griezes momenta parnesei, piem., elastigu slapejosu elementu forma, kuri ir
izvietoti starp konsolsiju para (26) galiem uz statora un siju (27), kuras pie tam
ir savstarpégji paralélas un piestiprinatas pie pamatnes, lai parnestu griezes
momentu no statora (19) uz pamatni (4), neradot nekadu lieces momentu vai
aksialo spriegumu, kas var apgratinat tubinas varpstas (8) fleksiju ar lieces
momentu, kas darbojas uz varpstu no rumbas puses un ari slapé spékus, kas
var rasties issléguma gadijuma generatora.

8. V&ja energétiska iekarta saskana ar jebkuru punktu no 1. lidz 3.
punktam, kas raksturiga ar to, ka gultni ir (9 un 10) ir sfériskie gultni.

9. Véja energétiska iekarta ar véja turbinu, kura ir savienota ar
elektrisko generatoru (31) ar parnesumkarbas (29) palidzibu, pie kam
parnesumkarba (29), generatora pamatne (30) un generators (31) ir novietoti
uz turbinas varpstas (8),

raksturiga ar to, ka parnesumkarba (29), generatora pamatne (30) un
generators (31) brivi var parvietoties kopa ar turbinas varpstu visos spéka
pieliksanas virzienos, iznemot turbinas varpstas griezes momenta virzienu, un
ar to, ka parnesumkarba (29), generatora pamatne un generators (31) visi
kopa, neatkarigi viens no otra vai grupas parnes griezes momentu no
turbinas varpstas (8) uz galveno pamatni (4) ar nerotéjosa savienojuma (33)
starpniecibu, kur$ netraucé minéto komponentu kustibu citos spéka pielikSnas
virzienos.

10. Véja energétiska iekarta saskana ar 9. punktu, kas raksturiga ar
to, ka atrumkarba (29), generatora pamatne (30) un generators (31) var
atrasties dazadas pozicijas un virzienos attieciba pret turbinas varpstu (8).
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Wind power plant

Description of invention

Priov art and its weaknesses

A major technical challenge in the design and development of wind power plants, is to
ensure that the bending moment acting on the turbine hub from the blades does not create
damaging deformations in the remaining structure, This relates particularly to deformations
which may influence the air gap between the rotor and the stator when the turbine shaft
carries an electric generator without any intermediate gearbox, or deforfnations straining the
wheels of the gearbox and reducing the service life when a gearbox is used between the
turbine shaft and the generator.

[t is known to provide having wind turbine powering a'l generator arranged at the top of a
column or tower. One solution is to connect the hub of the wind turbine directly to the
rotor. The rotor is in turn carried by a base connected to the top of the tower, and the stator
is carried by the base without making any effort to coordinate the movements of the rotor
and the stator. Experience shows that this design does not give the necessary control of the
air gap between the rotor and the stator upon a bending moment strain being set up on the
turbine shaft from the hub of the wind turbine. Also the generator can not be made ready for
use prior to mounting. Another solution is proposed in German Patent Publication 4402184
Al. wherein the hub of the wind turbine is connected directly to the rotor of the generator
without any connecting gearbox and wherein the rotor and the stator is connected ~through
two bearings providing a coordinated movement. This solution allows for premounting of
the generator as a complete unit in a factory, and testing prior to the on site mounting.

Calculations shows that even this design will not provide a desirable constant air gap,
when the wind turbine exceeds a certain size in power and weight, without making the
dimensions of the supporting base unecessary large.

It has also been proposed to arrange the generator on the opposite side of the wind
turbine relative o the top of the tower and connect the wind turbine to the generator over a
turbine shaft between the hub and the rotor of the generator - cither in a rigid connection
or over a coupling which transfers no bending moment, and without an intermediate
gearbox - and wherein the turbine shalt and the generator are journalled in a support
arrangement with two or more bearings integrated in the support arrangement. The purpose
of this arrangement is to reduce the bending acting on the part of the shaft adjoining the
generator, by foreing the shaft through radial reaction forces from the bearing, back to the

neutral position relalive to the bending of the shaft without this arrangment, to have a tight
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as pussible air-gap between the rotor and the stator, With this solution the beanings ars
subject 10 high bearing forces, and additionally the design requires a very rigid base to

accomodale the increased bearing .

Object
The main object of the invention s to provide a wind power plant wherein the stator and
the rotor during operation maintain their mutual distance (air gap), independent on the
deflection of the turbine shaft due to the bending moment acting on the hub of the wind
turbine in the cases where the turbine shaft is connected directly to the generator. In the
embodiments wherein a gearbox is arranged betwsen the turbine shaft and the gevierator, the
invention should relieve the gearbox from unexpected forces, which may reduce the service

life relative to the norm.

The lnvention
The present invention is described in patent claim 1. This can be embodied in different

ways and designs, which are adaptable to various sizes of wind turbines and different

‘generator designs.

The present invention concerns the journalling of the turbine shaft in a wind pawer plant
powered by a windyturbine at one end of the shaft, and wherejn an electric generaror is
connected to the shaft either outside relative to two bearing housings, or between a bearing
housing facing the wind turbine and a rear bearing housing, to reduce the effect of the
bending moment acting on the shaf, due to forces actihg on the hub of the wind turbine , on
the air gap between the rotor and the stator of the generator, using 2 journalling according to
patent claim 1. ' '

This provides an advantageous combination of simple structure and favourable
joumalling properties which contributes to keep the air gap between the rotor and the stator
of the generator as small and constant as possible during the operation of the wind power
plant. and without straining the bearings excessively due to the forces created by the
bending moment acting on the hub.

This enables a transfer of torque frém the turbine shaft to the rotor, and from the rotor
through the electrical field to the stator and via a non-rotatable coupling to one of or both
beaning housings. or directly to the base.

Further advamageous features are stated in claims 2-10.

When using a gearbox interposed between the turbine shaft and the generator, the
invention allows for a direct attachment of input in shaft of the gearbox to the turbine shafl,

which then carries the gearbox which in turn carries a generator base supporting the
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generator, and wherein the rotor of the generator is connected to the output shaft of the
gearbox, wilh arigid or elastic coupling. The transfer of torque from the rotor lo the stator
and from there to the base will also in this case be camied out by the non-rotatable coupling

which will be described for the direct driven generator,

Examples

The invention ‘is further described below with reference to the drawin gs, wherein:

Fig. shows a vertjca] section through an embodiment with a two-sided joumnalling of the
stator on the shaft,

Fig. 2 shows a vertical section of a corresponding embodiment with a single-sided
journalling of the stator on the shaft,

Fig. 3 shows a vertical section through a third embodiment with a two-sided Joumallmg
of the stator, which is carried by the shaft,

Fig. 4 shows a vertical section through a further embodiment of the mvention, with the -
generator arranged between two bearings,

Fig. 5 shows a perspective view of an altemative embodiment of a non-rotatable
coupling,

Fig. 6 shows a perspective view of an altemative embodiment, with a gearbex connected
to the turbine shaft, with a generator further being arranged on a generator support carried
by the gear box in the extension of the, and whersin the torque transmmission to the main
base is provided by an adapted non-rotatable coupling, and

Fig. 7 shows a perspective view of a further embodiment, with a gear box connected to
the turbine shaft, and with a generator arrang ged on a generator base carried by the gear box
over the turbine shaft, and wherein the torque transmission to the main base is provided by

an adapted non-rotatable coupling

The invention illustrated in Fig. 1 is based on a coupling of the turbine shaft directly to
the generator. It shows a vertical section lenghtwise through a shaft bearing according to an
embodiment of the invention. On the top of a tower 1 a horizontal gear rim 2 is attached,
which s used for tuming of the higher parts of a wind power plant which is described in
more detail below. Over the gear rim is a rigid base 4 which serves as a support for the
shaft. The base 4 is rotable relative to the gear rim 2 around its vertical shaft by a suitable
bearing. The rotalion is aclivated by a motor 3 arranged at the side of the base 4 with a
depending shaft with a gear 5 engaging the gear rim 2.

The base 4 provides support for lwo bearing housings, a front bearing housing 6 facing
the turbinc, and a rear bearing housing 7. The bearing housings together carry the turbine
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shaft 8. which in tum carries a compiete generator | 1. Each bearing housing contains a
bearing 9, 10, and 1s attached to the base 4 with bolts 21,

The generator rotor is carried by a generator shaft 22 which can be a continuation of the
wrbine shaft 8. The stator housing 17 is carmied by bearings 13, 16 on the shaft 8. Bearings
. I3, 16 provide an air gap {8 which is as constant and smal a possible, between the stator [$

and the rotor 12, independent of the deflection of the shaft.

The torque from the turbine shaft 8, which through the electic field is transferred to the
stator housing 17, is transferred to the base via a nop-rotatable coupling 20.

In Fig. 6 and 7 an altemative embodiment of the invention is shown. A gearbox is
arranged between the turbine shaft 8 and the generator 31, both of which mainly
correspond (o the previous description. The gearbox 29, the generator base 30 and the
generator 31 all are free (o follow the movement of the turbine shaft 8 in the opening
between the bearing housing 7 and its connection to the gearbox 29, except in the direction
of the torque. A non-rotatable coupling 33 provides transfer of the torque from the turbine |
shaft via the gearbox 29 to the generator 31 and the main base 4 and limits or totally
eliminates damaging forces, which may otherwise result in damaging deformations of the
gearboX and the generator. The non-rotatable coupling 33 comprises a bracket 34 in the
form of two arms extending from the main base 4 towards the generator 31. The bracker 3¢
is rigidly attached to the main base and at the free end connected with a cross yoke 35.
Further, at the fres end. a knee link with two linked arms 36, 37 are linked to the end of the
bracket or yoke 35 and at a bracket 38 on the side of the gearbox 29. A corresponding,

symmetrically arrangéd knee link may be provided at the oposite side.

Function
The function of this arrangement is mainly described by the description and Fig. 1. The

weight of and the forces acting on the shaft 8 and the generator 11 is carried by the bearings
9. 10 and transferred to the base 4. The turbine shaft § transfers the torque directly to the
rotor 12 of the generator. The stator housing 17 is cammied directly on the turbine shaft. A
suitable size of shaft in the vacinity of the generator 11 provides sufficient rigidity to
ultimately keep a constant and small air gap 18 between the rotor 12 and the stator 19. A
non-rotatable coupling 20 in the form of an annular dish with a central, circumferential fold
increases the pliability in an axial direction, results in transfer of the torque acting on the

stalor housing 17, due o the electrical field from the rotor 12, to the base 4 with minimum

bending momeni.
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The non-rotatable coupling 20 is designed and sized to transfer only torque from the vingd
turbine. without deflection of the generatar shaft 22 due to torque acting on the hub of the
wind turbine.

The stator housing 17 thus will follow the movements of the rotor 12 and the generator
shaft 22 and the air gap 18 is maintained mainly copstant.

The total structure allows for testing the wind turbine and the generator as a complete
unit before mounting in situ, and to hoist and mount jt to the top of the rower as a

readymade unit.

Modifications

In Fig. 2 an alternative embodiment is shown, similar parts being provided with identical
reference numerals as in Fig. 1, and wherein the generator shaft 22 1s carried by a double
joumalled bushing 23 providing a stator hub, which with another bearing 24 carries the
rotor 12. The generator shaft 22 has a dish 25 at the free end attached to the rotor 12 for
transferring torque thereto.

In Fig. 3 a further embodiment based on the same principle is shown. In this case a stator
dish 17 with a hub is carried by the generator shaft 22 with a dduble bearing, and extendeds
into a flange on one side, carrying the active stator parts. '

In Fig. 4, in which the same reference numerals as the previous Figures are used an
embodiment is shown, which differs fom the embodiments of F igs. 1- 3 by having the
generator arranged between the bearing housings 6, 7. The non-rotatable coupling 20 is
fastened correspondingly to the bearing housing 6 adjoining the wind turbine.

Generally, the non-rotatable coupling 20 may be fastened to an arbitrary bearing
housing, or to the base 4.

In Fig. 5 a further modified embodiment of the base 4 and the bearing units 6, 7 is shown.
In this case the stator 19 is provided with a radial pair of arms 26, extending horizontally at
the base 4. The base 4 carries a beam 27 which is arranged parallell to the pair of arms 26.
At both ends, the pair of arms and the beam is connected to a damping element 28, which
can take torque, but not bending moment and axial forces. The damping clements 28 are
pro\}ided to take possible moment shack, e g. due to short circuit.

Fig. 6 and 7 shows usage of the invention wherein a gearbox 29 is arranged between the
turbine shaft 8 and generator 31. Other embodiments of the non-rotatable coupling for
transferrring of torque from the turbine shaft via gearbox 29 and the generalor 31, as long as
it is provided for minimal force transfer between the turbine shaft 8 and the same elements

in all directions except for the torque direction.
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Claums: .
[. Wind power plant with a wind turbine with a turbine shaft (8) which with a generalor
shaft ( 2). which can be an extension of the turbine shaft, is c.ormected to the rotor (i2) of
an 2lectric generator (11),

- wherem the rotor (12) is radially surrounded by a stator (19),

- wherein the turbine shaft (8) is Joumalled in two bearing housings (6, 7) with bearings
(9. 10) arranged on a base (4) at the top ofa tower (1),

- wherein the base (4) is pivotable around a vertical axis, and

- wheretn a motor (3) is provided to cffect the pivoting,

characterized in
- that the generator shaft (22) is integrated with or rigidly connected to a flexing turbine

shaft (8),

- thal the stator (19) and rotor (12) are camed by the generator shaft (22), to allow the '
generator (11) to follow the flexing movemen of thc turbine shaft (8), and
- that the stator (19) is locked against turning by a non-rotatable coupling (20) which

transfers substantially no bending moment or axial force acting against the flexing of the

 turbine shaft (8) due to the bending moment acting on the turbine shaft (8) from its hub, the
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bearings (9 and 10) being provided to allow flexing of the turbine shaft (8).

2. Wind power plant according to claim I, wherein the generator (11) is arranged on a side
of the base (4), opposite to the wind turbine or between the bearing housings (6, 7),
characterized in that the staror is Connected to a non-rotatable coupling (20) provided to
transfer torque and substantially no bending moment, preferably an annular dish with a

circumferential fold. which connects the stator to 2 bearing housing.

3. Wind power plant according to claim 1 or 2, characterized in that the non-rotatable
coupling (20) 1s provided for transferring the torque and dampening forces created upon a

shart circuit of the generator.

4. Wind power plant according to anyone of the claims 1-3, characterized in thal the stator
(19) is attached at the generator shaft (22) at one of its ends (Fis. 1) or with a double
bearing (Figs. 2-4) and thal the rotor (12) js attached directly to the generator shaft (Fig. 1,

3 4) or with a dish 10 the end of the generator shaft (Fig. 2).

5. Wind power plani according to claim I, characterized in that the stator (11) is carried on

both sides with side elements (17) non-flexingly supporting the stator (11) non-flexing
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relative to the generator shaft (22) and the turbine shaft (8) attached to bearings (15. 16)

which are carried by the generator shafl (Fig. 1, 4).

6. Wind power plant according to claim 1, characterized in that the stator (11)is canied at
one side by a dish element (17) non-flexingly supporting the stator relative to the generator
shaft (22) and the turbine shaft (8) attached to bearings (15, 16) which are carried by the

generator shaft (Fig. 2. 3).

7. Wiﬁd poxx'rér plant according to claim 1, characterized in that the stator t(19) and the base
(4) (Fig. 5) are commected by a couple of force transferring elements (28) being arranged
radially away from the generator shaft (22) for transferring torque, ¢.g. in the form of elastic
damping elements which are arranged between the ends .of a pair of an'ns; (26) on the stator
and a beam (27) parallel therewith and attached to the base (4) to transfer torque from the
stator (19) to the base (4) without exerting any bendmg moment or ax1al tensxon whxch may
prevent flexing of the turbine shaft (8) with a bending moment acting on the shaft from the

hub and also dampening forces which can be created by short circuit in the generator.

8. Wind power plant according to anyone of the claims 1-7, characterized in that the

bearings (9 and 10) are spherical.

9. Wind power plant with 2 wind turbine which is connected to an electric generator (31}
through an intemoséd gearbox (29), wherein the gearbox (29), a generator base (30), and
the generator (31) is carried by the turbine shaft (8), characterized in that the gearbox

(29), the generator base (30) and the generator (31) can move freely together with the
turbine shaft in all directions of force except for the torque direction of the turbine shaft,
and that the gearbox (29), the generator base (30) and the generator (3 1) together,
independently or in groups transfer torque from the turbine shaft (8) to the main base (4) via

a non-rotatable coupling (33) which does not inhibit movement of said components in other

directions of force.

10. Wind power plant according to claim 9, characterized in that the gearbox (29), the
generator base (30). and the generator (31) can be in different positions and directions

relative to the turbine shaft (8).
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Abstract

. ) i be an
Wind power plant with a wind trbine with a turbine .\'i?afl {8) which W“l}l _: S‘“:b:‘::‘s::?f‘(é;’iz’j:::;lznin two
exiension of the wrbine shafi, is connected 1o the rolor () Zlbor ur; gccT; gene;:}!:: c‘( \i 'l::.U) °Tf:c genctor bt (22) is integrated
— ings i ing } arranged on a buse (4) at the top of 2 ) t
*’e.“"“s '.m-u‘;mgs (Sc;ld“:;h ablf::i':lftfx?’i)ilnz 5:31 ES). The stator (19) and rotor (12) are carried by 'hf gencrator shaft (22). 3::;;;’;
with e ;-‘ Io )"l follow the flexing movement of the turbine shalt (3). the stator (19) is focked against wming bya ".T]:‘r‘; (8) due
the gc.ncmiﬂl'( hi E translers substantially no bending moment or axial force acting sgainst the “clmg"’f the turbine sha o the
cou: h:‘“,f&;(:,)gwm:mcm acting on the turbine shafi (8) (rom its hub. the bearings (9 and 10) being provided to allow tlexing o
(3 Lhe ha

wrbiae shatt.
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