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(57) Abrégée/Abstract:

A main shaft fixture (10) Is disclosed for fixing in place a main shaft (4) on a wind turbine during execution of installation and repair
work on the heavy parts of the wind turbine arranged in the nacelle of wind turbines, where the fixture (10) Is divided up Into a
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(57) Abrege(suite)/Abstract(continued):

number of sections for mounting on stable structural parts (2) that are found Iin a wind turbine's nacelle, including the nacelle's
bottom frame (2). The main shaft fixture (10) comprises adjustable pressure mandrels (18) with tap shoes (20), which cause the
fixture 10 to be usable regardless of the geometry of the main shaft (4) on a wind turbine, and such that it can be mounted without
fixing the rotor (8). The main shaft fixture (10) also comprises facllities (40) for the mounting of a lightweight crane (12) and a self-
hoisting crane (14) with a ground- based winch, respectively, as well as a rotor lock (24), which in combination with the actuators
(36) belonging to main shaft fixture (10) between the main shaft fixture (10) and the bottom frame (2) makes It possible to displace
the main shaft (4) and the main shaft bearing (38) vertically from its bearing Iin the nacelle sufficiently to service or replace the
bearing.
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(57) Abstract: A main shaft fixture (10) 1s disclosed for fixing i place a
main shaft (4) on a wind turbine during execution of installation and repair
work on the heavy parts of the wind turbine arranged in the nacelle of wind
turbines, where the fixture (10) 1s divided up into a number of sections for
mounting on stable structural parts (2) that are found in a wind turbine's na-
celle, including the nacelle's bottom frame (2). The main shaft fixture (10)
comprises adjustable pressure mandrels (18) with tap shoes (20), which
cause the fixture 10 to be usable regardless of the geometry of the main shaft
(4) on a wind turbine, and such that it can be mounted without fixing the ro-
tor (8). The main shaft fixture (10) also comprises facilities (40) for the
mounting of a lightweight crane (12) and a self-hoisting crane (14) with a
ground- based winch, respectively, as well as a rotor lock (24), which m
combination with the actuators (36) belonging to main shaft fixture (10)
between the main shaft fixture (10) and the bottom frame (2) makes it pos-
sible to displace the main shatt (4) and the main shaft bearing (38) vertically
from 1ts bearing in the nacelle sufficiently to service or replace the bearing.
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TITLE: MAIN SHAFT FIXTURE

The present invention relates to a main shatt fixture {or the ing of a main
shall on a windg turbine auring the execution of instalialion and repair work in
Neavy paris of a3 wind frbine arranged in 3 nacelie on wind turbines, with the
fixture peing divided up Nt a number of sections 1or instaliation on stabie

structural parts in a nacelie in a wind turting, including the nacelie’'s potftom frame.

LUurng he execution of instaliation and repair work on the naceiie of wind
furbines there s ofien a need to perform fixing of the wind urting's main shatt, for
exampie with the replacement and servicing of a wind turbine’'s gear dox,
generator or with the replacement ot I8 main bearing, or other heavy structural
paris present in the nacelie of a wind Wwrbing. The staled components, which are
mutualy conjoined and anchored 1o the nacelie’s potiom frame, are stabie in an

assembpied state, but when separalion needs 1o de underiaken durnng repairs and

servicing of the twrdine, stalic mstability and imbalance arises, which can {ead to

the turbing's structural parts being damaged, hence there is a need 1o X the wind

urbing’'s main shatt.

DE 102006013539 A1 (NORDEX ENERGY GMBH) discloses a main shaft
fixture for Hxing the main shatt on a wind turbine during the execution of
instaliation and repalr work on heavy parts that are arranged in the nacelie on wing
furbines, with the fixture being divided up into a number of seclions for instailation
on stabie structural paris that are foung on g wing Wwding's nacelle, including the

nacelie’s’ pottom frame.

Up [0 now it has been necessary 1o halt the turbine, e, brake if and fix the
rotor with a rofor ock, ang then mount an actual ixture to firmiy hold the main
shiaft, subseqguent {o which servicing of the components in the wind urpine's
nacelle is able {0 take place. However, i 18 inappropriate 1o have 1o halt the

gperation of the wind turdine while the mounting of the main shaft fixtura is taking

place, as the standstil of the wind rbine during the time that 1s spent o instaill the

fixture involves a not insignificant operating 1088 i the form of & 1ack of energy
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produced (power). Furthermore, the known main shaft ixtures are relatively
nfiexibie in reiation 10 shall geomelry, which means thal in praclice nearily just as
many difterent fixtures need o he dult andg stored as there are shatt geometries
fhat exist, which is nmappropriate. in addition, ihe use of sefi-hoisting cranes,
Wwhose winches are placed on the ground surface near the twrding's tower, 1S
nereasing, bacause e use of such involves large savings in the level of

expenses for servicing of wind urbines since the use of large mobiie cranes for

nanding the apove-meanlionad 1arge and heavy components 18 made supertiuous.
THis causes however a need for faciiities for anchoring the sefi-hoisting crane with
the ground-based winch in the nacelle. Howeaver, the seli-hoisting winch requires
furthermore the presence of a lightweight craneg, ior Ihe hoisting of snafch BIoCks,
aic., that are 1o be anchored on/in the nacelle gr on the biades of the wind urdine,

WwhICh p0ses reguiremeanis conceming the taciliies for mounting the ightweaight

Lrafie.

in the event of servicing in particuiar large wind turbines, i may however be
nappropriate o plock the main shait's rofation with an actual rotor lock, bul rather
0e appropriale (o simply refain the shail in position and permit a certain rolation of
the shatt, which s possible by tuming the blades/nacelle out of the wind so that
the shall via he effecis of the wind on the blades only rotates very siowly, or not &l
all, whereby it is acceptable in terms of salety, o perform service work in ihe

naceiie of the windg wrbineg gongcemed.

it thus is the purpose of the invention to speaity a main shalt iddure hat
provide a more universai application i reiation {o shatt geometry, which moreover
doas not require halling ang iang of e wing urbing’s main snatt, out which may

nowever comprise the means {or such.

it is further the purpose of the invention {0 provide a main shafl ixture thal in

addition oHers faciiiies for the mouniing of a self-hoisting crane, with a ground-

pasad wingh.
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it is by the invention realized that this is possibie by a main shaft ixture of the
nafure speciied in the introduction, which is characierised by that the main shatll
fixture comprises at least three radial displaceabie prassure manarels,
substantially symmetrical iocated around the centre axis of the main shalt, the
ends of said pressure mandreis facing the main shait are furnished with a {ap
SNhoe, and salg prassure mandrels being displaceadie betweean a passive,
withdrawn iockable position where he {ap shoes are configured {0 be located at a
gistance irom the surface of the main shiaft and an adgvanced iockabie position
where the tap shoes are configured 10 be engaged with the main shaltl.

Considerable Hexibility is hereby atlained with respect {o the main shatft

fixfure's yse for the ang of main shallts with different geomelries on wind Wrdines,

since solely the degree of movabiiily of the pressure mandrels and the size of {he
main shaft ixture pose imiting factors for the usability of such. The main shatt
fixture is thus both usabie for fixing of cylinder-shiaped shafits with different
giamelers and for the fixing of shails with conical shapes. The mamn shatt ixture
according to the invention is muili-pari, and may be mounted on permanent
structural parts, preferably the botiom frame of the nacelle, while the rotor of the

wing urting 1s in gperation.

Wilh the intent of being abie (o use g seli-hoisting crane with a groundg-based
winch together with the main shall fixiure according to the invention, it may
comprise mounting faciiies 1or a self-hoisling crane whose winch 18 placed on the
ground surface ground near ihe ool of the wind wrdine,

1he advance thereof iz that the establishment of faciiities for the hixing of the
wind uroing’'s main snatft, as well as the establishiment of mounting facilities for the
seif-hoisting crane with g ground-based winch, take place simuttanegusly, which
saves work processes, and space, which are of greal importance, as the space in
the nacelie N g wing turbineg are most oiien narrow, and turthermore the main
shatt fixture as well as the mounting faciiies {or a sali-hoisting crang in the nacelie
normally uliise the same permanent structural parts in the nacelie or anchoring.

With the intent of ensuring easy and rapid establishment of the seli-hoisting
crang, which reguires the hoisting of snaich biocks with wires originating from the
ground-pased winch with a ightweight crang which 18 mounied on stapie struciural
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parts in the naceiie, the main shat fixture may comprise mounting faciiities for a
ightweight crane.

For the purpose of securing the rapid fixing of the main shaft using the main
shatft fixture according to the invention, the pressure mandrels may e proviged
with actuators for displacing and retaining the tap shoes in the passive position
and the active posilion, respaclively, allematively in a selectable position petwesn

e passive and the aclive position.

Time is thereby saved in he displacement of the {gp shoes belween the

passive position, and the active posilion pressed against the main shatt's surtacs.

In a more simple form of embodiment of the main shalt fixture according o

the mvention, the pressure manareis may be comprised of threaded bolts whose

free ends facing the main shatt are turnished with {ap shoes, where the threaded
0Ois work fogether with threaged holes in relevant sections of the ixdure. The
Qressure mandreis with the {ap shoes are hereby dispiaced by manual iuming of

the threaded bolls betweean the passive posifion ang the aclive position.

With the intent of being able {0 permit rofation of the main shalt during
periormance of servicing of a relevant wing turbine and in order o protedt the main
shaft and the main shalt fixture, g shide ining may exist between the opposing

siges of the main shait's surface and the {ap shoes.
This enables the main shalt 10 be ixed in its position by the main shalt
fixture, but with the main shalt being permitied o rolate without it being damaged

gue 1o the presence of the shde Iining.

in a first embodiment of the slide lining, this could consist of the free enas of

{ap shoes facing agamnst the main shall peing furmishad wilh slide plates, which in

the aclive exiended position are engaged with the main shatt.
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in a further embodiment, the main shaitt fixture may according o the
nvention comprise a muili-part slide plate working i comunchion with the main
shiaft 1o be mounted on the mamn shalt, where the mutli-part slide platg in s

mounted state on e main shalt cooperates with the {ap shoes.

1his enabies the tap shoes on the main shatl fixture's pressure mandrel {0
slide direclly on the muili-part slide plate, in the gvent of a possibie rofation of the
main shall caused by the elffects of wind on the dblades. The 1ap shoes on e main
stiaft fixiure's pressure mandreis may cooperate with the muiii-part slide piate on
ihe main shatft, with or without sliideway inings on the opposing sides of the tap
anoes facing the main shatt,

in a further embodiment of the main shalt fixtiure as per the invention, it may
comprise a muiti-part needie bearing, rolier bearing, ball bearing, consisting of a,
mutli-part inner ring, fastenad on the main shail, and a therewith coopearating muili-

part outer ring consisting a number of bowed sub saegmeants according o the

number of tap shoes mounted on the opposing side of the tap shoes facing the
mutli-part nmner nng, which in the advanced active position ¢of the pressure
mandreis form the outer ring at a distance from the external periphery of the muili-
part inner ring, and where a suitable numbper of needle rollers, rollers or balls arg
placed between he nner ring and outer ring, and where means are prasent for
refaining the needies, rollers, or bailis in position belweaen the innear nng and ouler

Fing.

An actual temporary bearnng connection i3 heraby formed between the main
shaft fixture and the main shatt, about which the main shatl is abie {0 rotatle.

With the intent of being able 1o fiX the rotor on the wind twrbine after if has
Deen braked {0 a stop, the main shalt fixture according 1o the invention, may
comprise a rotor ock, for fixing the wind wrbine's rolor.

In a preferred embodiment of the rotor lock, It is comprised of a fange,

whose bolt circle geomelry cormresponds 1o a poli circle geometry on the rolor, said

Hange eslement being tastened at the ends to the tirst end of fwo first beam-shaped
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prackets axtending paraiiel with, and on each sige of the main shatfl, saig beam
siiaped bracketis peionging o the main shaft fixture, and where the other end of
the brackets are pivotally mounied with horizontaily grienied bolt connaclions, on
other brackets belonging to the main shailt fixture, which are ancenored on the

bottom frame of the nacelie.

it is hereby achieved that the rotor can be fixed by introducing a bolt through
ONe oF more of ine overiapping holes in the boli gircles on the tange fasiensd ©

fhe botlom frame and the boll circie on the rotor, respeclively,

With the intent of being able 1o perform repiacement of the shafl's mamn
peanng, without bemng forced (o dismount the main shatt, the main shatlt fiture
may furthermore comprise al leas! a second actualor, betweaen he nacelig’s
poitom frame and the opposing side of the first beam-shaped prackets facing such
and the nearest rotor 1ock, where the other actuator is movabile belween a first
passive outer position and an aclive outer position whereby the flange element is

moved vertically.

This enables he main shatt 1o be able 1o De raised from s dearng hanging
N e rotor iock, such that the main bearing of the shalt can be replaced or

serviced without the necessity of removing the shait irom the nacelie.

The invention is explained in further detall in the following with reference to

the drawing, wherein;

Fig. 1 Is a perspective view of parts of a wind turbine's nacelle, presenting
the nacelle's bottom frame, the wind turbine's main shaft, and a main shatft fixture
according to the invention, with a lightweight crane and a selt-hoisting crane
mounted,

Fig. 2 Is a more detailed perspective view from another angle of what is
shown In fig. 1, where the main shaft is made transparent, presenting the pressure
mandrel with tap shoe belonging to the main shatt fixture according to the
Invention,
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Fig. 3 Is a more detailed perspective view from another angle of what is
shown In fig. 1, presenting the actuators for raising the main shaft, where the main
shaft Is made transparent,

Fig. 4 is a detalled perspective view of the main shatft fixture for a wind
turbine, where the tap shoes and the main shaft are turnished with slide plates,
and

Fig. 5 Is a detalled perspective view or the main shatft fixture for a wind
turbine, where the slide plates are replaced by a muili-part needie dearning/rolier
pearnng/ball pearing consisting of a muili-part inner ring fastened 1o the main shait
and a therewith cooperating muili-part outer ring consisting of bowed subsggments
of (he number oF 1ap shoes mounted on Ihe opposing side of the {gp shoes facing
the inner rng.

In fig. 1 a bottom frame 2 is seen in a nacelle (not shown) on a wind turbine
(not shown), where the main shatt 4 of the turbine, with gear box 6 and the rotor 8
are shown, and where the main shatft fixture 10 according to the invention is
shown in the mounted state, bearing a lightweight crane 12 and a self-hoisting
crane 14 with a ground-based winch (not shown), respectively. The bottom frame
2 has for reasons of clarity been made transparent.

The main shatt fixture 10 is in the shown embodiment shown anchored to the
bottom frame 2 near the gear box 6 and near the rotor 8, and comprises a multi-
part frame 14, which together with a cross member 16 fastened on it encloses a
part of the main shaft 4 between the rotor 8 and the gear box 6. The multi-part
frame 14 Is anchored on the bottom frame 2.

In fig. 2 Is shown what are seen in fig. 1, but as an end picture, seen from the
rotor side of the shaft 4, and where the rotor 8 for reasons of clarity has been
made transparent. As it appears from fig. 2, the multi-part frame 14 and cross
member 16 comprise in total four pressure mandrels 18 symmetrically placed
around the main shatt 2, with tap shoes 20, that are engaged onto the main shatft 4
In order to fix such in place.

The pressure mandrels 18 may be comprised of hydraulically driven pistons
whose free ends comprise the tap shoes 20, but may also be executed in other
manners, where they are moved manually between the active position where the
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tap shoes 20 are engaged with the main shaft 4 and the passive, withdrawn
position.

As it appears from fig. 3, the main shatt fixture 10 comprises two parallel
passing first beams 22 on each side of the main shatt 4, in the first ends of which,
nearest to the rotor 8, a rotor lock is fastened in the form of a flange element 24,
the hole circle 26 geometry of which is similar to the hole circle 28 geometry on the
rotor 8 over a part of the periphery of the rotor. Locking of the rotor 8, the holes 7
In the rotor 8 and the holes 9 in the flange element 24 are brought to overlap, and
subsequently bolts are inserted through the overlapping holes, which are tightened
with nuts, after which the rotor 8 is fixed/locked by the flange element 24.

The other end of the parallel passing first beams 22 are nearest to the gear
box 6 are pivotally anchored on horizontally oriented bearing bolt 30, on a bracket
32, which is fastened to the bottom frame 2. The parallel passing first beams 22
are mutually connected with second cross members 34, on which bracket facilities
23 are seen for a self-hoisting crane 14 with a ground-based winch (not shown).

As It appears in fig. 3 and fig. 1 show, an actuator 36 Is located between the
bottom frame 2 and the parallel passing first beams 22. Activation of the actuator
36 will result in a change of the distance between the bottom frame 2 and the first
beams 22, in which the flange element 24 is suspended, which will cause the
flange element 24 and the rotor 8 and thereby the main shaft 4 to be raised, which
will result in the possiblility to replace the main shatft's bearing 38 without the
necessity of hoisting the main shatt 4 down to the ground, which is quite time-
saving when the main shatft bearing 38 has to be repaired or replaced.

In fig. 1 it iIs moreover shown how the main shatft fixture 10 comprises
mounting facilities 40 for the lightweight crane 12.

in fig. 4 is shown an embodiment of the main shalt fixiure according o the
invention, which s specially suited for use for iing the wing twrbing's main shait 4
N position on ihe nacelie, but where rotation of the main shatl 4 is possibie, i e
active position of the pressure mandrels/tap shoees {18, 20), engaged with the

main shatt,
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As shown in fig. 4, a shideway ning 42, 44 is located between the opposing

sides of ihe {ap shoes 20 facing the surface of the main shal 4.

The slideway may be comprised of slide plates 42 that are {astened {0 the
opposing iree ends of the tap shoes 20 facing the main shait 4, which in thery
aclive agvanced posiion are engaged with the main shatt 4, but which
alternatively may comprise a muiti-part shide plate 44 cooperative working with the

main shatl 4, tor mounting on fhe maimn shalt 4, saig mulli-part shide plate 44 in ds

mounted state on e main shaft 4 cooperaies with the 1ap shioes 20, Hmust be
stated that the presence of the muili-part slide plate 44 on the mamn shatt 4 does

ot necessarily exciude the presence of the slide piates 42 and the {ap shoes 20,

in a iurther embodiment, the main shatt ixiure 10 consisis of a mulli-part
needie bearing/roller bearing/ball bearing 48, comprised of a multi-part inner ring

48 fasteneg on he main shafl as well as, a cooperating mulli-part outer ring 50

consisting of bowed supsegments 52 of the number of {ap shoes mounied on the
OpposSing side of the tap shoes 20 tacing the inner ring 48, which in the advanced
position of the pressure mandgreis form the oculer ring 50 at a distance from the
outer parniphery of the mulli-part inner ring 48, and where an appropriate number of

needie rollers, rollers, or balis b4 {(in the shown embodiment rollers 54) ars

arranged between the inner ring 48 and the outer ring 50, ang where means {(notl
shown) are present for relaining the needieg/roliers or palls (b4} i posifion

petwesen the inner ring 48 and outer ring 50.

The means mentioned ior fastening of needie rollers/roliers/balis 54 may
consist of cooperating edge delineators in opposing sides of the inner ring 48 and
ouier ring 50, altemnalively of @ means of holding detween which the needie

rollars/roliers/balis 54 are fastened.

The presence of the shide ining 42, 44, alternatively the mulli-part needie

peanng, rolier beanng, dball bearing 46, nvolves the main shalt 4 being permiited

o rotate simultaneously with i being iixed n its position during servicing of the

Wing {Lrdine, which can gerve a purpose namely for larger wing iurpines.
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The inventor has recognised that the main shatft fixture 10 can assume other
embodiments than disclosed in the preceding and shown in the figures, however
such do not change the inventive aspect that consists of specifying a main shatft
fixture 10 of the given type that comprises adjustable pressure mandrels 18 with
tap shoes 20, which causes the fixture 10 to be usable regardless of the geometry
of the main shaft 4 on a wind turbine, and thus that such can be mounted without
fixing the rotor 8 In place, and furthermore of combining the main shatt fixture with
facilities 40 for mounting of a lightweight crane 12 and a self-hoisting crane 14 with
a ground-based winch, respectively, as well as a rotor lock 24 and finally of
furnishing the main shatft fixture 10 with actuators 36, enabling the main shatft 4
and the main shaft bearing 38 to be raised sufficiently from its bearing in the
nacelle that it can be serviced or replaced.
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CLAIMS

1. Main snaft fixiure (10} for ixation of 3 main shatt (4) on a wing urbine
gurng execution of installation and repair work on heavy parts of a wind turbine,
whare the fixture (10} 18 dividaed up into a numbaer of sections for mouniing on
stabie structural parts {2} structural paris it 3 nacelie in a wind twrbine, Inciuding
ihe botlom irame {2) ofthenacellie,characterised in,ihatthe man
shaft fixture (10) comprnses al ieast three ragdial gisplaceable prassure manarels
(18}, substantially symmetrical iocated around he centre axis (11} of the main
shait, the ends ¢of said pressure mandreis {18} facing the main shait (4) are
furnished with a {ap shoe (20}, and said pressure mandreis {18) being
dispiaceable between a passive, withdrawn lockable position where the tap shoes
(20} are conhgured 1o be localed at a gislance from the surface of the main shait
(4} and an advanced lockable position where the {ap shoes (20} are configured 1o
pe engaged with the main shall {4)

=
7

2. Main shalt indure (10}, accordingioclam t,echaracterised
i 1, that if comprises mounting faciiities for a seii-hoisting crane (14}, the winch of
which 18 iocated on the ground surface near the oot of the wind turbine.

. Main shatt fixture (10), aceordingioclamigr 2, charactierised
L, that it comprises mounting faciiiies {40) for g ightweight crane {12).

4. Main shail iixture (10}, according to any one of the claims 1-3,
characterised 1 n,inhatthe pressure mandrais (18) 18 provided with
actuators for displacing and retaming the tap shoes (20} in the passive position
and the active posttion, raspactively, altematively in a selaciable position between

e passive and the aclive position.

5. Main shall ixiure {10}, according 10 any one of ihe glaims 1-3,
characterised in,thatthe pressure mandrels (18) consists of

fhreaded polls whose opposing free enas facing e main shatt are furnished with

fap shoes (20}, and said threaded boils cooperates with threaded holes in relevant

sections of the fixture (10},
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6. Main shialt fixiure {10}, according {0 any one of (he glaims 1-5,

characterised by a shideway ining (42, 44} being located petween the opposing

sides of the suriace of the main shaft and {ap shoes.

£ Main shatt fodure (10} accorging o clam g, characterised 1n,
that the slideway lining 1s configured 5o that of the opposing free ends of the {ap
shoes (20) facing the main shall (4} are provided wilh & stide plate (42) which in

fhe active advanced posifion 1s engaged with the main shalt {4).

8. Main shaft fixture (10} accorgingloclamgor7,characlierised
|, that it comprises a muili-part slide piate (44} cooperaling with the main shatft

(4} for mounting on the main shaft (4}, where the multi-part stide plate {44} in s

mountad position on e main shaft {(4) s cooperaling with the tap shoes (20).
8. Main shaft fixture (10} according to any one of the claims 1-5,
characterise g 0, thatilcompnses a multi-part needie bearing, rolier
pearng, ball bearing {(40) consisting of a mulli-part inner ring {(48) fastened (o the
main shait (4}, ang a therewith cogperating muiti-part outer ring (50) consisting of
nowed subsegmenis (52} corresponding o the number of {ap shoes, mounted on

the opposing side of the tap shoes {(20) facing the inner ring (483, which in the

advanced active position ¢of the pressure mandrels form the culer ring (B0} at a
distance trom the guter periphery of the multi-part inner ring {48), and where an
appropriale numabper of neegie rollerg, rollers, or balls (54) are arranged between
the inner ring (48} and the outer ring {50}, and where means are present for
refaiming the needies, rollers, or baiis (54 in position Detween the inner ring (48}

and outer ring {(50).

10, Main shalt fiture (10}, according to any one of the claims 1-9,
characterised 1 n,hatidcompriges arolor lock (24} for fixation of the
rotor {8) of the wind urbine.
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11. Main shatt fixture (10), according o claim i, characteris e g
L i, that the rotor lock (24) consists of a flange slement, whnose bolt gircie
geometry {28} corresponds 1o a bolt circle geomelry (28) on the rotor, said Hange
clement {£4) being fastenad at the ends to the firsi end {21} of two first beam-
shaped brackeis {22) exiending paraliel wilh, and on sach side of the main shaf,
said beam shaped brackets (22} belonging to the main shall fixture, and wheare the

other end (23) of the brackets {22} are pivolally mounted with horizonfally oniented

poit conneclions {30}, on gther drackels (348} balonging to the main shall fixture

(10}, which are anchored on the bolfom frame (£} of the nacelle,

12, Main shatt fixture (10}, accorging o claim i, e haracterised
|, that at least gne actuator (36} is lpcaled nearest the rotor lock (24) between
fhe boflom frame (£} of the nacelie and the adjacent sige (29 of the first beam-

shaped brackels {22} facing the botiom frame {2), said actuator {36} is

dispiaceable pelween a first passive outer position and an acltive cuter position

where the Hange element {24) 1s displaced vertically.



CA 02963016 2017-03-29

WO 2016/055065 PCT/DK2015/000040

LI I.. l
. —“l"l‘ -'

H}f

o 15 sl,r {

A'n VT
"I
n:.bf

LA -.I .na{“ )
‘ 1u.|!f1\.' A




CA 02963016 2017-03-29

WO 2016/055065 PCT/DK2015/000040

1
N -

] D
S INZIL el
ANZL] L

'''''''

I

Y LRI gt
I IO EIeS

r: i

Y

L]
L 1]
-

l ,
) " ypp——— v 37w ek




CA 02963016 2017-03-29

WO 2016/055065 PCT/DK2015/000040

N
n
n m

LN “ﬂ.

[
.
I

/

i

(. ' - ' -:I

.‘-d X :I = & . .

Gl | e ; 5 PR S
- "I ‘ 1R ! ) :
l|;’ ‘. - h I (( |'

ek I f R UL Al 18 Al 4

" " :Jl f ' 1."- l b | - A ,

, N} ) :J. AT M _ - A1 TR B
aa I A e iAo l . . — -

A e [ =g ormw 11 - ' _ : | *,

=1l i

f
?I

.
f
r
-
e
i
|
-
(e
"

P AL SN,

N

',
1
Siik TS l
]
.'II‘ JI
18 10 ¥
ll ;l‘ _I - 8 —.e 4 e b LA - ol
' ;‘;' ' |I 'y \ e " t 3
e \ - -
'|, 0 - it - '.’~: ‘ L "_ ‘ f.' - Ul
" ll s ' » ‘! l‘..lb‘ " ' L] " "l l y " i L -_.-"- *\-h‘ \
S UEINY N 11 [ R ‘0 "-1; B e g, 1 g T e : ! ' f ’
ey, U I C : ' o TS e i iy ‘
(N =S g : - ” = . / '
1y Ly Y LN et i, ' . : '
. .. aif | -.|‘ / .-.u 'l‘ - ' .
sanral.t . N g Wy
"' .I .. '-‘- ) 1 l. ' I.', . . . ‘ ] . .'.,'
PP SrL 1 . gt | I T
A k= 38 J ] :
Il. .- ’I ! .' J l
*
(= . - ) Y Tee o
. e el ' {
- - , [
[ ,
I:_ Y \
: ' '
] I |
I
[

iy
i

by I W R —

om0l L

:’*- B id e ppmp———

e

- -
'
" — —rere— — - - —



CA 02963016 2017-03-29

WO 2016/055065 PCT/DK2015/000040




PCT/DK2015/000040

WO 2016/055065




W . . - - oy o

axgw—--mu |

S == =3
—IM\I--a

a—

e

’lui

il

.......

= F
11 M -‘.‘l

=

|

q

\ B

'll'"l"d



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - abstract drawing

