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Description 

The  present  invention  relates  to  a  wind  turbine 
operated  electrical  generator  system. 

The  use  of  wind  turbines  for  generating  elec- 
tricity  has  taken  place  for  many  years  and  the 
generator  itself  is  required  to  produce  power 
which  is  synchronized  to  an  electrical  grid  system, 
so  that  the  grid  constrains  the  machine  to  run  at 
essentially  a  constant  speed,  that  is  with  a  vari- 
ation  of,  at  the  very  most,  5%  depending  on  the 
type  of  electrical  generator  used. 

For  a  certain  range  of  wind  speeds,  torques  due 
to  the  wind  acting  on  the  rotor  will  not  be 
excessive  and  the  system  can  operate  perfectly 
satisfactory  without  there  being  any  essential 
need  for  any  control  of  rotor  power,  e.g.  by 
change  of  the  blade  angle,  by  use  of  movable  tips 
or  of  spoilers  or  the  like. 

However,  at  higher  wind  speeds,  the  rotor 
torque  which  is  produced  by  the  wind  acting  on 
the  turbine  would  often  be  enough  to  cause  the 
system  to  operate  out  of  synchronization  and 
some  method  of  controlling  the  torque  of  the 
rotor  is  essential. 

Most  commercially  operable  wind  turbines 
have  fixed  blades  and  have  various  systems  for 
controlling  the  speed  and  for  controlling  the 
torque  generated  by  the  rotor.  These  systems  fall 
into  the  following  categories:- 

a)  design  of  the  rotor  aerofoil  sections  and 
blade  geometry  to  produce  a  construction  where 
the  efficiency  of  the  rotor  falls  rapidly  as  the  wind 
speed  increases.  With  such  a  construction  there 
are  no  additional  mechanical  or  movable  parts 
associated  with  the  fixed  blades  and  such  a 
system  is  often  termed  "stall  regulation"  since 
the  loss  of  efficiency  is  achieved  by  designing  the 
aerofoils  so  that  they  become  stalled  at  high  wind 
speeds. 

b)  by  the  use  of  movable  parts  on  the  blades  of 
the  turbine,  e.g.  spoilers,  ailerons  or  rotatable  tips 
which  act  to  reduce  the  rotor  torque  as  required. 
Two  classes  of  device  are  used:- 

1.  Active 
Such  an  active  system  produces  a  feedback 

from  the  rotatable  speed  of  the  shaft  or  from  the 
generator  output  and  this  is  used  to  activate  a 
system  to  operate  the  aerodynamic  devices. 
These  may  be  electrical,  mechanical,  hydraulic  or 
a  combination  of  these  and  will  cause,  for 
example,  the  tips  to  rotate  in  response  to  a  signal 
from  a  governor  on  the  rotor  shaft  or  where  the 
generator  produces  power  beyond  a  certain  level. 
Such  devices  are  relatively  complex  and  expen- 
sive  to  manufacture. 

2.  Passive 
Passive  devices  use  centrifugal  force  or  the 

force  of  the  wind  to  regulate  the  degree  of 
rotation  of  the  spoilers,  ailerons  or  tips.  The  most 
commonly  used  is  one  where  the  operation  is  by 
centrifugal  force  and  the  blades  and  tips  are 
connected  by  a  pin  and  socket  connection  on  the 

outer  end  of  each  blade  and  a  helical  cam  track  is 
provided  on  the  pin  or  socket  and  a  follower  is 
provided  on  the  socket  or  pin  respectively  so  that 
centrifugal  force  urges  the  tip  outwardly  against 

5  the  action  of  a  spring.  As  the  speed  increases 
beyond  a  safe  value,  the  tip  is  caused  to  rotate  to 
prevent  any  excessive  speed. 

With  regard  to  the  operation  referred  to  under 
paragraph  (a),  that  is  by  choosing  the  appropriate 

10  aerofoil  section,  there  must  still  be  a  protection 
arrangement,  probably  an  aerodynamic  brake, 
which  can  be  used  in  the  event  of  failure  of  the 
grid  or  generator,  because  the  stall  regulation  of 
the  rotor  torque  only  works  provided  the  speed  is 

15  itself  controlled.  A  typical  protection  is  to  have 
blade  tips  which  act  in  the  way  described  in  the 
preceding  paragraph  and  at  normal  operating 
speed,  the  outward  centrifugal  force  is  overcome 
by  a  spring  force,  but  at,  say  20%  overspeed,  the 

20  centrifugal  force  will  exceed  the  spring  force  and 
will  then  operate  the  pivoting  of  the  blade  tips. 

US-A-4374631  discloses  a  passive  wind  turbine 
operated  electrical  generator  system,  said  system 
comprising  a  wind  turbine  of  the  axis  flow  type, 

25  the  blades  of  the  turbine  including  tip  portions 
pivoted  with  respect  to  the  remainder  of  the 
blade,  a  generator  driven  by  the  wind  turbine  and 
designed  to  operate  within  a  given  rotational 
speed  range,  a  pin  and  socket  connection  on  the 

30  outer  end  of  at  least  some  of  said  blades,  for 
connecting  the  tip  thereto  and  a  cam  track  on  the 
pin  or  socket,  with  a  follower  ont  he  socket  or  pin, 
respectively,  the  cam  track  being  shaped  to  cause 
the  tip  to  pivot  under  centrifugal  movement  of  the 

35  tip,  resilient  means  being  provided  to  restore  the 
position  of  the  or  each  tip  against  centrifugal 
action,  resilient  means  being  provided  to  restore 
the  position  of  the  or  each  tip  against  centrifugal 
action. 

40  Such  an  arrangement  is  used  to  prevent  over- 
speed  in  the  failure  condition. 

The  present  invention  is  characterised  in  that 
the  resilient  means  are  in  the  form  of  a  coil 
compression  spring  co-axial  with  the  axis  of 

45  pivoting  of  the  tip  compressed  under  the  action  of 
centrifugal  force  exerted  by  the  tip  to  cause  a 
continuous  fluctuation  in  the  speed  which  is 
within  the  upper  portion  of  the  given  range, 
thereby  positively  to  control  the  output  of  the 

so  system  and  in  that  means  associated  with  said 
generator  are  provided  for  accommodating  said 
speed  fluctuation. 

Such  a  construction  will  employ  a  cam  track  in 
which  the  follower  moves  which  is  not  purely 

55  helical,  but  of  a  predetermined  shape  which  is 
related  to  the  blade  tip  aerofoil  characteristics,  so 
that  a  suitable  opposing  torque  may  be  produced 
to  effect  control  at  each  level  of  high  wind.  Thus, 
the  operation  of  the  blade  tip  is  controlled  by 

60  opposing  centrifugal  and  spring  forces,  but  with- 
out  active  control. 

Preferably,  the  first  part  of  the  track  in  which  the 
follower  moves  is  relatively  straight,  that  is 
extends  in  a  direction  generally  radial  of  the  axis 

65  of  rotation,  so  that  the  tip  can  move  out  easily 
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vithout  any  twisting,  in  response  to  wind  gusts, 
"his  outward  movement  will  increase  the 
noment  of  inertia  of  the  rotor  and  this  will  have 
in  initial  effect  of  reducing  the  speed  and  sub- 
:equently  to  restore  it.  If  the  gust  should  persist, 
>r  the  wind  speed  should  generally  increase,  the 
ips  will  be  caused  to  turn  by  the  follower  reacti- 
ng  a  part  of  the  cam  track  which  is  curved.  This 
vill  have  the  effect  of  reducing  the  efficiency  of 
he  rotor  and  thereby  reducing  the  torque.  When 
he  speed  drops  again,  the  action  of  the  spring 
vill  restore  the  rotational  position  of  the  tip  and 
is  the  speed  drops  still  further  the  tip  can  move 
adially  inwardly  and  thereby  again  reducing  the 
noment  of  inertia.  Such  an  arrangement  will 
insure  a  significant  control  of  the  operation  of  the 
vind  turbine  and  it  can  be  preferably  caused  to 
naintain  the  speed  within  5%  of  its  design  speed. 

In  order  that  the  centrifugal  force  may  be  used 
satisfactorily  to  operate  differentially,  to  provide 
he  variations  for  control,  some  variation  in  the 
otor  speed  must  be  allowed,  this  can  be  done 
rom  the  generator  design  or  otherwise.  For 
jxample,  one  can  use  an  induction  generator 
/vhich  can  tolerate  up  to  5%  slip.  One  could 
alternatively,  or  additionally,  use  a  fluid  coupling, 
rhe  requirement  for  some  speed  variation  is 
issential  to  the  operation  of  the  system.  Whilst  a 
luid  coupling  will  add  to  the  cost,  it  will  also 
jroduce  further  smoothing  of  the  output  power 
and  allow  a  system  which  can  be  significantly 
:heaper  than  one  with  actively  controlled  blade 
tips. 

It  will  be  appreciated  that  with  the  arrangement 
af  the  present  invention,  one  is  able  to  produce  a 
control  of  the  system  rather  than  simply  a  protec- 
tion  of  the  system.  Instead  of  the  relation  between 
outward  motion  and  turning  motion  of  the  tip 
being  purely  linear,  and  the  path  described  being 
a  helix,  a  path  will  be  used  which  enables  the 
angular  position  of  the  blade  to  suit  the  particular 
requirements  of  torque  control  which  are 
necessary  for  that  particular  aerofoil  cross-sec- 
tion.  Since  the  centrifugal  force  action  depends 
on  some  variation  in  speed,  slip  must  be  intro- 
duced  into  the  system  and  one  can  use,  for 
example,  the  induction  motor  with  or  without  the 
addition  of  the  fluid  coupling  mentioned  above. 

In  order  that  the  present  invention  may  more 
readily  be  understood,  the  following  description 
is  given,  merely  by  way  of  example,  reference 
being  made  to  the  accompanying  drawings,  in 
which:- 

Figure  1  is  a  graph  showing  the  output  charac- 
teristics  of  a  known  form  of  wind  turbine 
generator  system  employing  an  active  hydraulic 
feed  back  to  control  blade  tips; 

Figure  2  is  a  similar  graph  of  the  characteristics 
of  a  stall  regulated  generator  system; 

Figure  3  is  a  graph  of  one  embodiment  of 
system  according  to  the  invention;  and 

Figure  4  is  a  schematic  cross-section  through 
one  embodiment  of  blade  tip  assembly  used  in  a 
wind  turbine  generator  system  according  to  the 
invention. 

Referring  first  to  higure  i,  tnere  is  illustrated  a 
graph  having  the  abscissa  indicating  wind  speed 
in  meters  per  second  and  the  ordinate  indicating 
power  in  kilowatts.  It  will  be  seen  that  as  the 

j  speed  increases,  the  power  does  also  until  it 
reaches  approximately  400  to  500  kilowatts 
whereafter  the  speed  begins  to  tail  off  at  a  wind 
speed  of  approximately  20  meters  per  second. 
Using  a  hydraulically  operated  tip  control 

o  arrangement  designed  to  be  controlled  as  a  feed 
back  from  the  generator  output  power,  the  output 
is  limited  to  a  threshold  value  of  300  kilowatts 
above  a  speed  of  approximately  12  to  15  meters 
per  second.  The  control  arrangement  is  really 

•5  quite  expensive  and  adds  to  the  overall  cost  of  the 
system. 

Figure  2  illustrates  a  similar  arrangement  in 
which  the  maximum  power  is,  for  example, 
designed  to  be  300  kilowatts  and  this  can  only  be 

'.o  achieved,  for  example,  when  the  wind  speed 
reaches  20  meters  per  second.  The  normal  oper- 
ation  will  be  at  a  speed  of  10  to  15  meters  per 
second  and  during  this  part  of  the  operation  there 
is  no  control  of  the  speed  or  power.  The  maxi- 

>s  mum  power  is  achieved  in  a  zone  in  which  there  is 
a  considerable  amount  of  stall  regulation,  that  is 
to  say,  where  the  wind  speed  is  such  as  to  cause 
the  general  efficiency  of  the  rotor  to  decrease  so 
that  it  is  operating  largely  in  a  stall  condition. 

?o  Such  an  arrangement  gives  no  control  what- 
soever  during  the  normal  operation  and  simply 
acts  as  an  overspeed  preventer. 

The  construction  of  the  present  invention,  on 
the  other  hand,  in  which  the  power  to  wind  speed 

?5  curve  is  again  illustrated  in  Figure  3,  has  the 
system  operating  so  that  the  generator  is 
designed  to  operate  within  a  given  rotational 
speed  range  which  is  significantly  below  the 
speed  at  which  the  wind  turbine  can  develop  its 

40  maximum  power.  The  actual  maximum  power 
which  could  be  achieved  is,  as  in  Figure  1, 
illustrated  in  chain  dotted  lines.  Again,  as  in 
Figure  1,  there  is  a  sharp  cut-off  which  is  brought 
about  by  the  tips  being  twisted  but  this  is 

45  achieved  by  centrifugal  action  on  the  tips  them- 
selves.  It  will  be  seen  that  there  is  not  a  constant 
speed  (that  is  to  say  power  also)  over  and  above  a 
particular  rotational  speed,  but  rather  that  the 
speed  of  rotation  can  increase  slightly,  say  by  5% 

so  maximum. 
Referring  now  to  Figure  4,  there  is  illustrated  in 

cross-section  the  end  of  a  blade  10,  provided  with 
the  relatively  pivotal  tip  portion  12,  the  two  being 
interconnected  by  a  pin  and  socket  arrangement, 

55  including  a  pin  in  the  form  of  a  tip  tube  14  and  a 
socket  in  the  form  of  a  main  blade  tube  16.  The 
main  blade  tube  has  an  access  cover  plate  18 
covering  an  access  opening  19  and  a  spring 
retaining  block  20  is  secured  to  the  main  blade 

60  tube  by  a  tie  rod  22.  The  end  15  of  tip  tube  14  is 
closed  and  there  is  located  between  this  end  plate 
15  and  the  spring  retaining  block  20  a  coil  com- 
pression  spring  24  surrounding  the  tie  rod  22.  The 
tip  tube  14  is  axially  slidable  in  the  main  blade 

65  tube  16  and  is  urged  radially  inwardly,  that  is  to 
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he  left  as  seen  in  the  Figure  by  the  action  of  the 
spring  24. 

The  tip  tube  14  is  provided  in  the  portion 
incompassing  the  spring  retaining  block  20  with 
i  track  26.  This  track  includes  a  straight  or 
adially  extending  portion  28  and  a  curved  por- 
ion  30  so  that  the  angle  of  inclination  of  this 
surved  portion  increases  steadily  as  one  moves 
o  the  right.  A  follower  bearing  pin  32  passes 
hrough  the  main  blade  tube  16,  the  guide  track 
16  and  into  the  spring-retaining  block.  As  the  tip 
ube  moves  radially  outwardly,  that  is  to  the  right 
n  the  drawing,  so  it  moves  relative  to  the  pin  32 
which,  in  effect  moves  further  to  the  left  in  the 
:rack  26.  During  initial  movement  to  the  right 
jnder  centrifugal  force  on  the  tip  12,  the  pin  32 
jasses  along  the  straight  portion  58  of  the  track 
so  that  no  twisting  of  the  tip  will  occur  but 
merely  outward  displacement  against  the  action 
Df  the  spring  24.  This  will  increase  the  moment 
af  inertia  of  the  rotor  and  thereby  slow  it  down 
initially.  As  the  centrifugal  force  increases,  due  to 
an  increase  in  speed,  so  the  tip  will  move  further 
to  the  right  and  the  pin  32  will  thus,  in  effect, 
move  further  to  the  left  and  thence  into  the 
curved  portion  30  of  the  track  26,  this  bringing 
about  a  twisting  action  of  the  tip  to  slow  the 
rotor  down.  In  the  drawing,  the  tip  is  shown  in 
such  a  twisted  condition.  Normally  there  will  be 
two  bearing  pins  32  and  two  guide  tracks  26  on 
opposite  sides. 

Claims 

1.  A  passive  speed  controlled  wind  turbine 
operated  electrical  generator  system,  said 
system  comprising  a  wind  turbine  of  the  axial 
flow  type,  the  blades  (10)  of  the  turbine  including 
tip  portions  (12)  pivoted  with  respect  to  the 
remainder  of  the  blade,  a  generator  driven  by  the 
wind  turbine  and  designed  to  operate  within  a 
given  rotational  speed  range,  a  pin  and  socket 
connection  (14,  16)  on  the  outer  end  of  at  least 
some  of  said  blades  (10),  for  connecting  the  tip 
(12)  thereto,  and  a  cam  track  (26)  on  the  pin  (14) 
or  socket  (16),  with  a  follower  (32)  on  the  socket 
(16)  or  pin  (14),  respectively,  the  cam  track  being 
shaped  to  cause  the  tip  (12)  to  pivot  under 
centrifugal  movement  of  the  tip,  the  first  part  (28) 
of  the  cam  track  (26),  in  which  the  follower  (32) 
moves,  extending  in  a  direction  inwardly  radially 
of  the  axis  of  rotation,  whereby  the  tip  can  move 
out  easily  in  response  to  wind  gusts  and  the 
remainder  (30)  of  said  cam  track  (26)  is  curved 
with  a  steadily  increasing  angle  of  inclination  to 
the  radial  direction,  resilient  means  (24)  being 
provided  to  restore  the  position  of  the  or  each  tip 
against  centrifugal  action,  characterised  in  that 
the  resilient  means  (24)  are  in  the  form  of  a  coil 
compression  spring  co-axial  with  the  axis  of 
pivoting  of  the  tip  compressed  under  the  action 
of  centrifugal  force  exerted  by  the  tip  to  cause  a 
continuous  fluctuation  in  the  speed  which  is 
within  the  upper  portion  of  the  given  range, 
thereby  positively  to  control  the  power  output  of 

the  system  and  in  that  means  associatea  wnn 
said  generator  are  provided  for  accommodating 
said  speed  fluctuation. 

2.  A  system  according  to  claim  1,  characterised 
5  in  that  said  generator  is  an  induction  generator 

and  constitutes  said  means  of  accommodating 
said  fluctuation  in  speed. 

3.  A  system  according  to  claim  1,  characterised 
in  that  said  means  for  accommodating  said  fluc- 

•o  tuation  in  speed  comprise  a  fluid  coupling. 
4.  A  system  according  to  claim  1,  2  or  3, 

characterised  in  that  the  cam  track  (26)  is  of  a 
predetermined  shape  relating  to  the  blade  tip 
aerofoil  characteristics,  so  that  a  suitable  oppos- 

es  ing  torque  is  produced  to  effect  control  at  each 
level  of  high  wind. 

Patentanspruche 

w  1.  Passive  geschwindigkeitsgesteuerte  Vorrich- 
tung  mit  einem  von  einem  Windrad  getriebenen 
Elektrogenerator,  mit  einer  Windturbine  vom 
Axialstrdmungstyp,  deren  Fliigel  (10)  Spitzenab- 
schnitte  (12)  aufweisen,  die  in  Bezug  auf  den 

?5  restlichen  Fliigel  drehbar  gelagert  sind,  einem 
durch  die  Windturbine  angetriebenen  Generator, 
der  zur  Wirkung  innerhalb  eines  gegebenen 
Drehgeschwindigkeitsbereiches  ausgelegt  ist, 
einer  Stift-  und  Lagerhulsen-Verbindung  (14,  16) 

30  am  Aussenende  von  mindestens  einigen  der  Flu- 
gel  (10)  zum  Anschluss  der  Spitze  (12)  an  ihnen 
und  einer  Nockenfuhrungsbahn  (26)  am  Stift  (14) 
Oder  an  der  Lagerhuise  (16)  mit  jeweils  einem 
Mitnehmer  (32)  an  der  Lagerhuise  (16)  oder  am 

35  Stift  (14),  wobei  die  Nockenfuhrungsbahn  derar- 
tig  geformt  ist,  dass  die  Spitze  (12)  durch  Zentri- 
fugalbewegung  der  Spitze  verschwenkt,  das 
erste  Teil  (28)  der  Nockenfuhrungsbahn  (26),  in 
der  sich  der  Mitnehmer  (32)  bewegt,  sich  in  einer 

40  Richtung  radial  von  der  Drehachse  nach  innen 
erstreckt,  wodurch  die  Spitze  sich  auf  Wind- 
stosse  ansprechend  leicht  nach  aussen  bewegen 
kann,  und  der  Rest  (30)  der  Nockenfuhrungsbahn 
(26)  mit  einem  stetig  zunehmenden  Neigungs- 

45  winkel  zur  radialen  Richtung  gekrummt  ist,  und 
wobei  Federeinrichtungen  (24)  zur  Wiederher- 
stellung  der  Position  der  oder  jeder  Spitze  gegen 
die  Zentrifugalwirkung  vorgesehen  sind,  dadurch 
gekennzeichnet,  dass  die  Federeinrichtung  (24) 

so  als  Schraubendruckfeder  ausgebildet  koaxial  zur 
Achse  der  Lagerung  der  Spitze  angeordnet  und 
durch  die  Wirkung  der  durch  die  Spitze  ausgeub- 
ten  Zentrifugalkraft  zusammengedruckt  wird,  urn 
eine  kontinuierliche  Geschwindigkeitsschwan- 

55  kung  zu  verursachen,  die  innerhalb  des  oberen 
Abschnittes  des  gegebenen  Bereiches  liegt, 
wodurch  die  Leistungsabgabe  der  Vorrlchtung 
sicher  gesteuert  wird,  und  dass  zu  dem  Genera- 
tor  zugeordnete  Einrichtungen  zum  Aufnehmen 

60  der  Geschwindigkeitschwankung  vorgesehen 
sind. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dass  der  Generator  ein  Induk- 
tionsgenerator  ist  und  die  Einrichtung  zur  Auf- 

65  nahme  der  Geschwindigkeitsschwankung  bildet. 
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3.  Vorrichtung  nach  Ansprucn  i,  aaaurcn 
akennzeichnet,  dass  die  Einrichtungen  zur  Auf- 
ahme  der  Geschwindigkeitsschwankung  eine 
trdmungsmitteikupplung  aufweisen. 
4.  Vorrichtung  nach  Anspruch  1,  2  oder  3,  5 
adurch  gekennzeichnet,  dass  die  Nockenfuh- 
ingsbahn  (26)  eine  vorgegebene  Form  entspre- 
lend  den  Eigenschaften  eines  Tragfliigels  auf- 
'eist,  so  dass  ein  geeignetes  Gegendrehmoment 
rzeugt  wird,  urn  eine  Steuerung  bei  jeder  Starke  10 
ines  starken  Windes  zu  bewirken. 

evendications 

1.  Installation  de  generatrice  electrique  entrai-  15 
ee  par  une  eolienne  a  regulation  de  vitesse 
assive,  comprenant  une  eolienne  du  type  a 
coulement  axial,  les  pales  (10)  du  rotor  compor- 
ant  des  portions  terminales  (12)  pouvant  pivoter 
ar  rapport  au  reste  de  la  pale,  une  generatrice  20 
ntrainee  par  I'eolienne  et  concue  pour  fonction- 
er  a  I'interieur  d'une  plage  de  vitesses  de  rota- 
on  donnee,  une  liaison  par  broche  et  douille  (14, 
6)  sur  I'extremite  exterieure  d'au  moins  cer- 
aines  des  pales  (10)  pour  y  raccorder  la  portion  25 
arminale  (12),  et  un  chemin  de  came  (26)  sur  la 
iroche  (14)  ou  la  douille  (16)  cooperant  avec  un 
uiveur  (32)  monte  sur  la  douille  (16)  ou  la  broche 
14)  respectivement,  le  chemin  de  came  ayant  une 
orme  appropriee  pour  que  la  portion  terminale  30 
12)  pivote  du  fait  du  mouvement  centrifuge  de  la 
lortion  terminale,  la  premiere  partie  (28)  du 
ihemin  de  came  (26),  dans  lequel  se  deplace  le 
:uiveur  (32),  s'etendant  dans  une  direction  orien- 
ee  vers  I'interieur  radialement  par  rapport  a  I'axe  35 
ie  rotation,  d'ou  il  resulte  que  la  portion  termi- 

iponse  a  des  rafales  de  vent,  et  le  reste  (30)  de  ce 
lemin  de  came  (26)  etant  incurve  en  etant  incline 
ar  rapport  a  la  direction  radiale  d'un  angle 
oissant  constamment,  des  moyens  elastiques 
4)  etant  prevus  pour  ramener  a  son  etat  initial  la 
asition  de  la  ou  de  chaque  portion  terminale 
jntre  Taction  de  la  for  e  centrifuge,  caracterisee 
t  ce  que  les  moyens  elastiques  (24)  se  presen- 
mt  sous  la  forme  d'un  ressort  helicoidal  de 
impression,  coaxial  avec  I'axe  de  pivotement  de 
1  partie  terminal  et  comprime  sous  Taction  de  la 
>rce  centrifuge  exercee  par  la  portion  terminale, 
e  fagon  a  provoquer  une  variation  continue  de  la 
itesse  de  rotation  qui  se  trouve  dans  la  portion 
jperieure  de  la  plage  donnee,  reglant  ainsi 
ositivement  la  sortie  de  puissance  de  Tinstalla- 
on,  et  en  ce  que  des  moyens  associes  a  la 
eneratrice  sont  prevus  pour  tenir  compte  de 
ette  variation  de  la  vitesse. 
2.  Installation  selon  la  revendication  1,  caracte- 

see  en  ce  que  la  generatrice  est  un  alternateur 
synch  rone  et  constitue  lesdits  moyens  pour  tenir 
ompte  de  cette  variation  de  la  vitesse. 
3.  Installation  selon  la  revendication  1,  caracte- 

isee  en  ce  que  lesdits  moyens  pour  tenir  compte 
e  cette  variation  de  la  vitesse  component  un 
ccouplement  hydraulique. 
4.  Installation  selon  Tune  des  revendications  1  a 
caracterisee  en  ce  que  le  chemin  de  came  (26)  a 

me  forme  predeterminee  fonction  des  caracteris- 
iques  aerodynamiques  de  la  portion  terminale  de 
a  pale,  de  facon  a  produire  un  couple  antagoniste 
ipproprie  pour  effectuer  le  reglage  pour  chaque 
raleur  d'une  force  elevee  du  vent. 
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