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Technical  Field 
This  invention  relates  to  an  improved  foil 

system  which  is  capable  of  receiving  energy  from 
the  flow  of  a  fluid  medium  and  efficiently  trans- 
ferring  a  portion  of  such  energy  to  the  structure 
on  which  such  foil  system  is  supported.  More 
particularly,  the  invention  is  directed  to  an  im- 
proved  sail  system  for  sailboats  and  the  like, 
although  it  should  be  pointed  out  that  the  inven- 
tion  is  not  so  limited  but  has  utility  to  efficiently 
extract  or  divert  dynamic  forces  generated  from 
fluid  flow  conditions  regardless  of  the  medium  of 
such  fluid  flow,  i.e.,  whether  it  be  wind,  water 
current,  etc.  Other  applications  of the  device  other 
than  operating  a  sail  craft  include  power  genera- 
tion,  irrigation,  littoral  deposits,  agricultural  anti- 
frost  and  drying  air  movement.  However,  inas- 
much  as  the  use  of  the  improved  fluid  foil  system 
of  the  present  invention  in  connection  with  a  sail 
craft  is  an  easily  understood  and  recognized 
example,  it will  be  used  hereinafter  as  the  means 
by  which  the  present  invention  will  be  described. 

In  the  art  of  sail  craft,  constant  effort  through 
the  years  has  been  utilized  to  decrease  the  diffi- 
culties  of  accommodating  varied  wind  strengths 
and  to  increase  the  freedom  to  maneuver  sail 
craft  despite  wind  direction  and  strength.  Effort 
has  also  been  made  and  continues  towards 
extracting  wind  power  and  water  power 
especially  at  low  flow  rates  while  retaining  the 
ability  to  accommodate  substantially  higher  vel- 
ocities  thereof. 

Background  Art 
Various  attempts  have  also  been  made  to  utilize 

foils  ranging  from  airplane  wings  to  sail  simula- 
tions  of  ancient  Samoan  craft,  tilted  to  either  side 
of  a  mast  or  the  like  in  changing  tacks  and  seeking 
an  increasing  stability  by  varying  the  lateral  tilt 
angle  so  as  to  control  to  above  indicated  para- 
meters.  Each  said  system  however  introduces  un- 
manageable  difficult  mechanical  complications 
such  as  heavy  structural  stresses  and  large  con- 
trol  forces  as  well  as  introducing  unreasonably 
complicated  manipulation  or  timing  mechanisms 
in  order  to  control  such  foils. 

Some  attempts  to  utilize  tiltable  foils  in  con- 
nection  with  sail  craft  include  U.S.  Patent 
2,170,914  to  Rummier  issued  August  29,  1939 
which,  although  generally  indicative  of  rigging 
concepts  in  this  area,  fails  to  present  structural, 
aerodynamic  or  operation  solutions  of  a  feasible 
commercial  nature.  While  this  Rummier  patent 
includes  structure  in  the  form  of  gearing  which 
appears  adapted  to  rotationally  move  the  mast 
into  the  wind,  such  is  located  at  a  position 
adapted  for  hand  manipulation.  In  other  words, 
this  cranking  structure  in  combination  with  lines 
to  opposite  sides  of the  foil  can  be  simultaneously 
manipulated  so  as  to  presumably  level  the  foil 
and  position  its  leading  edge  into  the  wind.  This, 
of  course,  requires  a  considerable  amount  of 
simultaneous  activity  upon  the  sailor  and  is  cer- 

tainly  not  practical.  It  is  also  suggested  in  this 
Rummler  patent  that  a  level  foil  condition  may  be 
brought  about  by  simply  letting  the  tiller  go  so  as 
to  allow  the  wind  against  the  foil  to  rotate  the  boat 
with  respect  to  the  water  so  as  to  head  it  into  the 
wind.  This,  of  course,  results  in  the  boat  going  off 
course  and  could  equally  result  in  having  the  foil 
blown  into  a  "power  on"  position  rather  than 
assuming  a  "power  off"  or  level  position.  Other 
patents  include  U.S.  Patent  2,319,999  to  Jennings 
issued  May  25,  1943  directed  to  a  wing  flap 
control;  U.S.  Patent  1,670,936  issued  May  22, 
1928  to  McIntyre  et  al;  U.S.  Patent  2,126,665  to 
Rowland  issued  August  9,  1938  and  directed  to  a 
complex  system  of  multiple  booms  pivoting  on 
the  hull  for  sail  support  and  operation;  U.S. 
Patent  2,387,907  to  Hook  issued  October  30, 1945 
which  includes  a  sail  foil  which  can  vary  its  lateral 
attitude;  U.S.  Patent  4,177,345  issued  March  7, 
1978  to  Gurley  directed  to  a  sail  supported  by  two 
spars  directly  mounted  on  a  revolving  mount 
located  proximate  to  the  hull  and  controlled 
through  torsional  means  working  on  its  shaft; 
U.S.  Patent  3,858,542  issued  January  7,  1975  to 
Lenoble  directed  to  a  hand  supported  foil;  U.S. 
Patent  3,924,870  issued  December  9,  1975  to 
Spivak  et  al  and  also  directed  to  hand  supported 
sail;  U.S.  Patent  3,455,261  issued  July  15, 1969  to 
Perrin  also  directed  to  a  foil  structure  having  par- 
ticular  utility  for  a  sail  board;  U.S.  Patent 
2,329,220  issued  July  12,  1939  to  Rummier 
directed  to  a  variable  speed  sail/spar  structure 
which  is  cumbersome  and  limited,  that  is,  utilises 
a  45°  pivot  in  order  to  alternate  the  two  sail 
support  spars  in  horizontal  and  vertical  position- 
ing  depending  on  which  tack  the  vessel  is  on  and 
thus  causes  the  air  flow  to  essentially  flow  normal 
to  the  vertical  spar  and  parallel  to  the  other;  U.S. 
Patent  2,106,432  issued  January  28, 1938  to  Mcln- 
tyre  which  is  directed  to  a  multi-hull  craft,  the 
hulls  of  which  can  be  skewed  relative  to  one 
another  so  as  to  align  the  wind  loads  on  its  two 
inclined  sails  relative  to  its  two  inclined  center- 
boards. 

It  is  a  basic  object  of  the  present  invention  to 
provide  an  improved  fluid  foil  system  which  can 
be  used  to  extract  or  divert  substantial  dynamic 
forces  generated  from  fluid  flow  conditions  in 
such  a  manner  that  such  foil  can  be  controlled 
adequately  and  simply  by  extremely  light  and 
straightforward  structural  means  which  can  be 
provided  at  a  reasonable  cost.  More  particularly  it 
is  an  object  of  the  present  invention  to  provide  an 
improved  system  which  reverts  automatically  to 
an  unpowered  orientation  when  no  control  is 
imposed. 

This  invention  relates  to  a  fluid  foil  system  for 
imparting  energy  from  a  moving  fluid  medium  to 
a  supporting  body,  which  body  in  turn  is  sup- 
ported  by  means  other  than  said  moving  fluid 
medium,  the  system  including  a  generally  lat- 
erally  symmetrical  fluid  foil  connected  to  a  mast 
along  a  longitudinal  axis  of  the  foil  for  substantial 
lateral  tilt  in  either  direction  with  respect  to  said 
mast  about  said  longitudinal  axis,  the  foil  being 



arranged  for  rotational  movement  relative  to  the 
body  about  the  mast  axia  and  operational  control 
means  for  moving  said  foil  to  various  tilt  altitudes. 

An  additional  object  of  the  present  invention  is 
the  provision  of  a  fluid  foil  system  which  operates 
in  a  greatly  simplified  manner  and  which,  accord- 
ingly,  reduces  the  learning  effort  and  experience 
which  an  operator  must  acquire  to  operate  the 
system  and  yet  which  has  wide  adaptability  and 
usefulness  when  applied  to  water  sail  craft  such 
as  sailboats. 

A  further  object  of  the  present  invention  is  the 
provision  of  an  improved  fluid  foil  system  which 
can  be  used  in  fixed  location  power  generating 
systems  which  is  effective  in  very  light  winds  or  in 
slow  water  currents  as  well  as  in  fluids  of  higher 
velocity  and  when  assuming  different  flow  direc- 
tions. 

The  present  invention  is  characterised  in  that 
the  foil  is  arranged  for  rotational  movement 
relative  to  the  body  in  a  free  360°  attitude  and  in 
that  self-levelling  means  are  connected  between 
the  foil  and  the  mast  serving  automatically  to 
return  the  foil,  when  free  from  said  operational 
control  means,  to  a  level  rest  position  in  which 
substantially  no  power  is  imparted. 

The  details  of  the  invention  will  be  described  in 
connection  with  the  accompanying  drawings,  in 
which  Fig.  1  is  a  perspective  view  showing  the 
fluid  foil  system  of  the  present  invention  utilised 
in  conjunction  with  a  boat  to  power  the  same  and 
depicted  in  its  rest  position  with  respect  to  wind 
currents  generally  assumed  to  be  parallel  to  the 
surface  of  the  water;  Fig.  2  is  a  view  similar to  Fig. 
1  but  showing  the  foil  in  a  tilted  position  into  the 
wind;  Fig.  3  is  a  perspective  view  showing  a 
manner  in  which  the  foil  may  be  torsionally  con- 
nected  to  the  mast;  Fig.  4  is  a  somewhat  sche- 
matic  elevational  view  showing  the  attitudes  of  tilt 
which  the  foil  may  take  with  respect  to  the  mast 
as  well  as  the  manner  in  which  the  mast  may 
rotate  with  respect  to  the  boat;  Fig.  5  is  a  view 
similar  to  Fig.  4  but  showing  a  particular  manner 
in  which  the  self-leveling  means  for  the  foil 
operates;  Fig.  6  is  a  partial  plan  view  of  a  means 
for  controlling  the  attitude  of  the  foil  including  a 
sheet  or  line  attached  thereto  and  a  fairlead 
mounted  on  the  upper  rail  of  the  boat;  Fig.  7  is  a 
partial  elevational  view  of  the  fairlead  shown  in 
Fig.  6;  Fig.  8  is  an  elevational  view  showing 
another  form  of  a  foil  self-leveling  means;  Fig.  9  is 
an  elevational  view  of  the  means  shown  in  Fig.  8 
but  turned  90°;  Fig.  10  is  an elevational  view  on  an 
enlarged  scale  showing  a  form  of  tilt  limiting 
means  that  may  be  used  in  conjunction  with  the 
fluid  foil  system  of  the  present  invention;  Fig.  11 
is  a  cross-sectional  view  taken  along  the  line 
11-11  of the  Fig.  10;  Fig.  12  is  a  cross-sectional 
view  taken  along  the  line  12-12  of  Fig.  10;  Fig.  13 
is  partially  sectioned  elevational  view  showing 
another  structural  form  in  which  the  self-leveling 
means  of  the  present  foil  system  may  assume; 
Fig.  14  is  a  view  similar  to  Fig.  13  but  showing  the 
foil  in  a  tilted  position;  Fig.  15  shows  another 
structural  form  in  which  the  self-leveling  system 

for  the  foil  may  take;  Fig.  16  is  a  view  similar  to 
Fig.  15  but  showing  the  supporting  cross  bar  of 
the  foil  laterally  displaced  with  regard  to  Fig.  15; 
Fig.  17  is  a  cross-sectional  view  along  the  line 
17-17  of  Fig.  15;  Fig.  18  is  a  perspective  view 
showing  a  modified  fluid  foil  system  particularly 
adapted  for  use  with  a  sailboard  and  shown 
mounted  in  conjunction  therewith;  Fig.  19  is  a 
side  elevational  view  of  the  sailboard  and  fluid  foil 
system  shown  in  Fig.  18  but  disposed  in  its  rest 
position  with  respect  to  wind  currents  generally 
assumed  to  be  parallel  with  the  surface  of  the 
water;  Fig.  20  is  an  enlarged  partially  sectioned 
elevational  view  showing  the  manner  which  the 
fluid  foil  is  connected  to  the  mast;  and  Fig.  21  is  a 
detail  elevational  view  showing  the  manner  in 
which  the  rod  shown  in  Fig.  20  is  connected  to  the 
cross  bar  sleeve. 

Best  Mode  for  Carrying  Out  the  Invention 
Turning  now  to  the  drawings  and  particularly 

Fig.  1  thereof,  the  improved  fluid  foil  system  10  of 
the  present  invention  is  depicted  as  part  of  a  sail- 
boat  construction  including  a  hull  12  of  any  suit- 
able  construction.  The  foil  system  10  includes  a 
foil  14  including  a  pair  of flexible  A-frame  spars  16 
which  serve  to  stretch  a  delta-form  sail  18  there- 
between.  The  foil  14  may  be  otherwise  con- 
structed  including  formation  from  rigid  sheet 
material  and  the  like.  The  foil  14,  accordingly, 
exhibits  a  nose  portion  20  and  a  trailing  edge  22. 
A  cross  bar  24  extending  between  the  spars  16 
serves  to  stretch  the  sail  18  and  maintain  it  in  such 
condition. 

The  foil  14  is  torsionally  mounted  to  a  mast  26 
generally  along  its  longitudinal  axis  of  lateral 
symmetry  such  that  the  foil  14  may  assume 
various  positions  of  lateral  tilt  with  respect  to  the 
mast  as  shown  by  the  arrows  in  Figs.  4  and  5. 
Such  connection  is  accomplished  by  means  of  a 
sleeve  28  fixed  in  position  to  the  cross  bar  24  at  its 
midpoint  and  from  which  a  pin  30  rearwardly 
extends  through  the  hollow  interior  of  the  mast 
26.  A  connector  32  of  any  suitable  construction 
such  as  the  screw  cap  shown  serves  to  fasten  the 
pin  30  on  the  other  side  of  the  mast  26  such  that 
the  cross  bar  24  and,  accordingly,  the  foil  14  is 
free  to  assume  the  lateral  tilt  in  either  direction  as 
above-described.  It  will  be  apparent  in  this  con- 
struction  that  the  lateral  aerodynamic  lift  forces 
are  largely  counterbalanced  about  the  flexible 
mast  mount  which  in  this  case  is  a  pivotal  con- 
nection.  Accordingly,  the  foil  14,  when  otherwise 
unconstrained,  is  free  to  seek  a  luffing  attitude  of 
pitch  where  the  angle  of  attack  of  the  foil  14  in 
regard  to  the  wind  forces  (assumed  to  be 
generally  parallel  to  the  surface  of  the  water  on 
which  the  sailboat  is  supported)  essentially  neu- 
tralizes  the  lift  forces  of  such  fluid  medium 
against  the  foil. 

A  strut  34  is  attached  to  a  collar  36  so  as  to 
enable  pivotal  motion  in  a  vertical  plane  of  such 
strut.  The  collar  36  is  in  turn  adjustably  fixedly 
connected  to  the  mast  26  at  one  end  and  extends 
upwardly  to  the  nose  20  of  the  foil  14  at  its  other 



end.  Accordingly,  this  strut  34  extending  between 
the  leading  nose  20  of  the  foil  14  serves  to 
position  the  pitch  of  the  foil's  longitudinal  axis. 
Normally  such  pitch  is  set  such  that  the  foil 
assumes  a  horizontal,  i.e.,  position  parallel  to  the 
water,  such  that  foil  has  a  neutral  lift  when  dis- 
posed  in  its  normal  luffing  or  level  attitude  as 
shown  in  Fig.  1. 

The  mast  26  is  supported  by  being  appro- 
priately  "stepped"  in  the  hull  12  and  is  free  for 
multi-rotational  movement  with  regard  thereto. 
Thus,  the  mast  26  has  a  rotational  degree  of 
freedom  greater  than  360°  with  respect to the  hull 
12  in  either  direction.  It  thus  may  be  seen  that  the 
combination  of  the  ability  of  the  mast  to  rotate  in 
the  above-indicated  manner  with  ability  of the  foil 
14  to  tilt  about  the  mast  in  either  lateral  direction 
enables  the  foil  14  to  assume  a  wide  range  of 
directional  headings  and  positions  vis-a-vis  the 
directional  flow  of  the  wind  such  that  the  desired 
degree  of  its  force  may  be  harnessed  in  any 
particular  case.  Also,  the  torsional  link  between 
the  foil  14  and  mast  26  eliminates  any  complica- 
tion  or  entanglement  of  these  means  of  attitude 
positioning  and  control  since  they  rotate  in 
unison  to  any  directional  heading,  including  multi- 
rotational  weathervaning.  Also,  the  ability  of  the 
foil  14  to  weathervane  as  above-described 
coincidentally  places  the  required  portion  of  its 
drag  towards  its  trailing  edge  22. 

The  above-described  support  or  connection  of 
the  foil  14  to  the  mast  26  need  not  however  be  a 
direct  connection.  Thus  the  foil  could  be  con- 
nected  to  a  sleeve  or  some  other  member  in  turn 
supported  by  the  mast  and  capable  of  free  or  at 
least  multi-rotational  movement  with  respect  to 
the  mast.  In  such  case  the  mast  itself  would  not 
need  to  be  capable  of  actual  rotation  with  respect 
to  the  boat  or  other  support.  Accordingly,  the 
term  mast  as  used  herein  and  including  the 
claims  of  this  application  is  used  in  a  broad  sense 
which  would  include  such  an  intermediate 
member  such  as  a  sleeve,  etc.,  in  other  words,  the 
mast  supports  the  foil  for  multi-rotational  move- 
ment. 

In  order  to  control  the  degree  of  lateral  tilt  of  the 
foil  14,  a  continuous  sheet  40  is  attached  to  the 
spar  15  some  distance  behind  the  cross  bar  24. 
The  bight  or  loop  of  this  sheet  40  passes  over  a 
fairlead  41  opening  to  the  rear  and  mounted  on 
opposite  sides  of  a  hull  rail  43  to  the  rear  of  the 
position  of  the  mast  26  and  thence  to  a  retractor 
(not  shown)  attached  to  the  mast  and  elastically 
drawing  the  sheet  slack  to  the  lower  portion  of  the 
mast.  When  the  sheet  40  is  released  from  the  fair- 
leads,  it  is  able  to  completely  rotate  with  the  foil 
system  10,  that  is,  with  the  mast  and  foil  14 
without  entangling  the  crew,  passengers,  or  boat 
gear.  Partial  rotation  of  the  mast  occurs  without 
entanglement  even  with  the  sheet  engaging  the 
fairleads. 

Also,  due  primarily  to  the  largely  counter- 
balanced  longitudinal  pitch  forces  of  aero- 
dynamic  lift  upon  the  foil  14,  the  sheet  40  control 
forces  are  minimized.  In  this  regard,  it  should  be 

pointed  out  that  the  aerodynamic  lift  forces 
applied  to  the  foil  14  are  also  generally  laterally 
balanced  about  its  longitudinal  axis  of  lateral 
symmetry  because  its  pivotal  mount  is  centrally 
located  on  this  axis.  The  foil  may,  however,  be 
purposely  unbalanced  to  enable  aerodynamic 
leveling  as  for  instance  shown  in  Figs.  15-17. 
Thus  balanced,  a  minimum  force  is  required  to 
mechanically  induce  a  leveling  or  horizontal-seek- 
ing  lateral  attitude  towards  which  the  foil  tends  to 
return  when  otherwise  unconstrained,  i.e.,  by  the 
force  application  to  the  control  sheet  40  in  either 
direction.  Force  application  is  accomplished 
simply  by  the  operator  grasping  and  pulling  the 
appropriate  side  of  the  sheet  and  released  by  the 
operator  flipping  the  sheet  aftward  to  clear  the 
sheet  from  the  fairleads  41. 

A  self-leveling  assembly  42  is  provided  such 
that  the  foil  when  otherwise  unconstrained  will 
seek  a  rest,  level,  or  luffing  attitude  generally 
normal  to  the  mast  26  and  parallel  with  the  direc- 
tion  of  wind  force.  The  term  level,  leveling,  etc.  as 
used  herein  means  in  a  preselected  attitude  with 
respect  to  the  mast  which  is  generally  but  not 
necessarily  normal  thereto.  Such  leveling  system 
42  includes  a  V-shaped  yoke  44  attached  to 
opposite  sides  of  the  cross  bar  24  by  means  of 
sleeves  46.  The  apex  46  of  such  yoke  42  is 
attached  to  a  cord  48  extending  into  the  hollow 
interior  of  the  mast  26  through  an  opening  50 
proximal  the  yoke  apex  46  when  the  foil  14  is  in 
the  normal  rest  attitude.  The  cord  48  is  connected 
in  turn  to  a  spring  52  mounted  in  the  interior  of 
the  mast  26  and,  accordingly,  the  cord  48  serves 
to  place  a  continual  downward  and  inward  force 
upon  the  yoke  42.  Instead  of  a  separate  spring  52, 
the  cord  48  could  be  an  elastic  cord  commonly 
referred  to  as  a  "shock  cord".  Also,  the  term 
spring  encompasses  members  which  apply  a 
spring-like  force,  e.g.,  spring  reels,  cylinders,  etc. 
It  may  be  thus  apparent  that  when  the  foil  14 
assumes  a  lateral  tilt  with  respect  to  the  mast 
such  as  shown  in  Fig.  5  that  the  downward  force 
applied  thereto  by  the  self-leveling  means  42 
tends  to  return  the  foil  to  its  level  or  rest  position 
shown  in  Fig.  4.  It  should,  of  course,  be  brought 
out  that  the  force  of  such  leveling  system  is  not 
great  enough  so  as  to  present  difficulty  in  being 
overcome  by  the  control  sheet  40  but  that  when 
the  foil  is  otherwise  unconstrained,  that  is,  not 
being  held  in  a  lateral  tilt  attitude  by  the  control 
sheet  40,  that  it  will  seek  its  normal  lateral  or  rest 
disposition  automatically.  The  term  "cord"  as 
used  above  and  hereinafter  includes  flexible  ten- 
sile  members,  e.g.,  flexible  joined  links,  e.g., 
chain,  wire  cable,  and  the  like. 

The  self-leveling  means  may  also  be  integral 
with  the  connection  of  the  foil  14  to  the  mast  as  by 
incorporation  of  a  leveling  spring  therein  (see  Fig. 
20),  connected  with  the  foil  as  described  with 
regard  to  the  system  42  above  or  separate  but  in 
operational  contact  as  with  the  self-leveling 
means  60  illustrated  in  Figs.  8  and  9.  In  Figs.  8  and 
9  the  cross  bar  24  of  the  foil  is  pivotally  connected 
to  the  mast  26  by  a  pin  62  extending  to  opposite 



sides  of  a  bifurcated  upper  mast  terminus.  A 
sleeve  64  is  adapted  for  slidable  movement  on  the 
mast  from  a  point  proximate  a  fixed  collar  66  to  a 
point  proximate  the  pivotal  connection  with  the 
cross  bar  24.  A  compressed  coil  spring  68  is  dis- 
posed  between  the  collar  and  the  sleeve  so  as  to 
continually  urge  the  sleeve  upwardly  where  a  pair 
of arms  70  upwardly  outwardly  extending  from  the 
sleeve  64  are  adapted  to  respectively  contact 
opposite  sides  of  the  cross  bar  24  dependent  on 
the  tilt  attitude  thereof  so  as  to  continually  urge 
such  to  a  level  position.  As  the  foil  is  tilted  into  the 
wind  by  the  sheet  40,  the  sleeve  64  is  similarly 
forced  to  move  downwardly  against  the  action  of 
the  spring  68.  It  should  be  noted  that  although  self- 
leveling  means  42  as  well  as  self-leveling  means 
60  have  been  illustrated  as  disposed  below  the 
position  at  which  the  foil  is  supported  by  the  mast, 
there  is  no  reason  to  limit  such  disposition  since 
the  self-leveling  means  could  be  positioned  above 
the  foil  in  those  cases  where  the  mast  projects  a 
suitable  distance  abovethefoil  connection.  In  such 
cases, the  self-leveling  means 42 woutd  be  in  effect 
mounted  upside  down  in  the  mast  projection  and 
the  sleeve  64  of  the  self-leveling  means  60 
mounted  above  the  cross  bar  24.  Similar  adjust- 
ments  can  be  made  for  other forms  of foil  leveling 
and  limiting  systems  that  will  hereinafter  be 
described. 

The  manner  in  which  the  foil  system  10  as 
above-described  in  relationship  to  Figs.  1  through 
5,  operates  to  power  the  boat  12  will  now  be 
described.  Since  either  sailing  across  the  wind  or 
downwind  are  more  easily  accomplished  that 
"upwind"  or  "close  hauled"  such  upwind  con- 
dition  is  described.  The  wind  is  thus  assumed  to 
strike  the  boat  from  forward  and  or  one  side  or  the 
other.  To  initiate  sail  propulsion  or  get  under  way 
when  the  sail  foil  14  is  in  its  weathervaning  or  level 
rest  position, that  portion  of the  sheet40  which  tilts 
the  foil  14  to  leeward  of  the  mast  is  engaged  and 
trimmed  in.  The  foil,  accordingly,  both  tilts  and 
swings  its  trailing  edge  22  towards  the  trimming 
position  aft  of  the  mast  26,  thus  filling  away  to  the 
wind.  The  tilt  angle  is  adjustably  limited  by  further 
control  by  the  operator  on  the  sheet  40  dependent 
upon  wind  strength,  operator  capability, 
passenger  loading  or  other  preference.  Tilt  may 
also  be  adjustably  limited  by  changing  the  effec- 
tive  length  of  cord  48. 

Once  tilted  to  this  selected  limit,  further  trim  or 
easing  on  the  sheet  40  enables the foil  system  10  to 
act  entirely  as  a  conventional  fore  'n  aft  sail  rig 
except  when  the  sail  is  being  allowed  to  luff  sub- 
stantially.  Then,  it  has  a  slack  sheet  40  and  will  seek 
its  unconstrained  rest  position  automatically. 
When  shifting  tacks  either  by  tacking  or  jibing,  the 
sheet  40  is  released  and  the  boat  swung  through 
its  wind  axis.  Then  the  previously  unused  sheet 
portion  is  trimmed  as  when  getting  under  way. 
The  procedure  is  simple,  and  the  usual  hazard  or 
inconvenience  of  avoiding  unpredictable  swing- 
ing  of  a  low  boom  is  totally  eliminated.  There  is  no 
severe  sail  shift  or  heeling  forces  or  crucial  timing 
necessary  during  a  tack  or  jibe. 

Also,  the  present  foil  system  provides  an  inhe- 
rent  mechanism  by  which  the  wind  force  acting 
upon  the  foil  can  be  immediately  and  auto- 
matically  be  shut  off  regardless  of wind  orientation 
as  by  disengaging  the  sheet  40  from  the  fairlead 
being  used  and  upon  which  it  will  assume  its  rest 
or  luffing  position.  Such  is  important  especially  in 
mooring  or  making  landings  in  cramped  quarters 
or  in  difficult  wind  circumstances.  Thus,  the 
present  foil  can  shut  off  its  sail  power  in  any  direc- 
tional  heading  and  in  widely  veering  winds  simply 
by  releasing  the  sheet  so  that  the  foil  automatically 
levels  to  its  weathervane  or  rest  position. 

In  many  cases  it  is  desirable  to  be  able  to  limit  in 
a  positive  manner  the  degree  of  tilt  which  the  foil 
12  may  assume.  Such  may  be  accomplished  by  a 
tilt  limiting  system  76  such  as  shown  in  Figs.  10 
through  12  of the  drawings.  Such  system  includes 
a  sleeve  78  slidably  supported  on  the  mast  26  but 
fixed  in  position  with  respect  thereto  in  a  manner 
which  will  be  hereinafter  indicated.  The  sleeve 
includes  a  vertically  extending  open  slot  80  on  one 
side  thereof.  A  series  of  vertically  aligned,  spaced 
bolts  outwardly  extend  from  the  surface  of  the 
mast  26.  These  bolts  82  are  oriented  with  respect 
to  the  slot  80  such  that  the  sleeve  78  may  slide  up 
and  down  on  the  mast  but  will  not  rotate  with 
respect  thereto  inasmuch  as  the  contact  between 
the  heads  of the  bolts  82  and  the  opposed  edges  of 
the  sleeve  78  which  form  the  slot  80  prevents  such 
action. 

The  sleeve  78  is  further  provided  with  a  pair  of 
upwardly  outwardly  extending  tubular  arms  84, 
each  of  where  terminates  in  a  headed  portion  86. 
As  best  shown  in  Fig.  12,  the  head  86  which  is 
preferably  formed  of  some  shock  absorbing 
material  such  as  a  high  density  foamed  polymer 
includes  a  concave  saddle  87  which  is  adapted  to 
contact  the  cross  member  24  in  such  a  manner  so 
as  to  limit  its  downward  tilt,  or  in  those  cases 
wherein  the  tilt  limiting  mechanism  76  is  mounted 
on  a  mast  portion  extending  above  the  foil - then 
limiting  its  upward  possible  tilt.  Thus,  it  may  be 
seen  that  by  moving  the  sleeve  78  closer  to  the 
pivotal  connection  between  the  cross  bar  24  and 
the  mast  26  that  the  resultant  degree  of  tilt  of  the 
foil  carried  by  the  cross  bar  24  may  be  reduced; 
and,  accordingly,  the  potential  power  that  may  be 
derived  from  the  wind  source  limited.  Similarly  by 
moving  the  sleeve  downwardly,  the  potential  tilt  of 
the  foil  may  be  increased.  In  this  regard,  the  bolts 
82  serve  as  markers  such  that the  degree  of tilt  may 
be  readily  determined  by the  position  of  the  sleeve 
vis-a-vis  the  bolts 82;  and,  accordingly,  the  desired 
position  of  the  tilt  limiting  system  76  calibrated 
according  to  wind  conditions,  position  of  the  boat, 
and  experience  of  its  operator.  Thus  in  extremely 
high  winds,  it  might  be  desirable  to  place  the  tilt 
limiting  mechanism  76  adjacent  the  uppermost 
bolt  82,  but  in  light  winds  such  can  be  placed 
adjacent  the  lowermost  bolt.  The  sleeve  may  be 
set  within  the  desired  predetermined  limits  by  a 
line  88  which  is  secured  at  one  end  thereof  to  the 
sleeve  78  preferably  at the  rear  side thereof,  that  is, 
opposite  the  slot  80  as  through  an  eyelet  90  and 



thence  to  a  directional  change  eyelet  92  mounted 
above  the  highest  desired  position  of  the  sleeve 
and  thence  downwardly  to  a  conventional  attach- 
ment  point  such  as  a  cleat  (not  shown)  mounted 
on  the  lower  portion  of  the  mast  26.  It will  thus  be 
seen  that  as  the  mast  rotates  with  respect  to  the 
boat,  that  the  tubular  arms  84  are  always  aligned 
in  the  same  plane  as  the  cross  bar  24  such  that  the 
desired  tilt  limiting  contact  is  achieved  there- 

. between  such  as  shown  by  the  phantom  line 
representation  in  Fig.  10.  The  cross  bar  24,  is,  as  in 
the  previous  embodiment  described  in  con- 
nection  with  Figs.  1  through  5,  pivotally  con- 
nected  to  the  mast  26  via  a  sleeve  28  which  in  turn 
includes  a  rearwardly  extending  stub  30  which  is 
connected  on  the  other  side  of  the  mast  by  a 
fastening  device  such  at  the  lock  washer  33 
shown. 

Generally  it  is  desirable  that,  as  previously 
indicated,  a  strut  34  is  utilized  to  adjustably 
restrict  rotation  of  the  cross  bar  24  with  respect  to 
the  sleeve  28  (longitudinal  or  pitch  rotation);  how- 
ever,  means  such  as  pins  (not  shown)  may  extend 
through  the  sleeve  into  the  cross  bar  to  lock  the 
two  together  and  thus  prevent  this  added  rota- 
tional  motion  if  not  desired.  When  permitting 
such  pitch  rotation  means  such  as  collars,  pins 
and  the  like  may  be  used  to  restrict  lateral  sliding 
movement  of  the  cross  bar  relative  to  the  sleeve. 
Of  course,  such  lateral  sliding  motion  can  be 
desirable  (see,  e.g.,  Figs.  15-17). 

Turning  now  to  Figs.  13  and  14  of the  drawings, 
an  alternate  form  of  a  self-leveling  system  96  is 
depicted.  Such  system  includes  lines  98  and  99 
connected  at  opposite  free  ends  thereof  to  the 
cross  bar  24  at  locations  outwardly  spaced  from 
its  pivotal  connection  with  the  mast  26.  The  lines 
pass  through  openings  100  provided  on  opposite 
sides  of  the  mast  26  and  over  rollers  102  and 
thence  downwardly  to  a  ring  104  to  which  the 
other  ends  of  these  lines  are  attached  as  by 
whipping  105.  The  ring  in  turn  is  attached  by 
means  of  a  rod  106  to  a  spring  108  all  internally 
mounted  within  the  mast  26  so  as  to  place  a  pre- 
determined  amount  of  downward  tension  upon 
the  lines  98  and  99  so  as  to  continually  urge  the 
cross  bar  24  and  thus  the  foil  mounted  thereon  to 
its  rest  position  in  an  attitude  normal  to  the  mast 
26.  In  such  a  system  when  the  foil  is  forced  into 
the  wind  by  manipulation  of  the  control  sheet  40 
such  as  depicted  in  Fig. 14,  such  causes  the  line  99 
to  move  upwardly  (to  the  left  as  shown  in  Fig.  14) 
and  to  cause  slack  in  the  right  hand  line  98.  When 
such  control  sheet  40  constraint  is  removed,  the 
predetermined  tension  supplied  by  the  spring  108 
acting  upon  the  line  99  via  the  rod  106  auto- 
matically  urges the  cross  bar to  its  rest  position.  In 
strong  winds  or  when  it  is  otherwise  desired  to 
increase  the  amount  of  such  predetermined  ten- 
sion  upon  the  lines  98  and  99,  a  control  line  110  is 
additionally  attached  to  the  ring  104  and  passes 
outwardly of the  mast  26  through  an  opening  112 
provided  for  such  purpose.  The  other  end  of  the 
control  line  110  can  be  fixed  to  a  cleat  or  other 
attachment  device  (not  shown)  on  the  mast,  and 

in  such  manner  the  amount  of  slack  and  or 
tension  in  either  line  can  be  selectively  limited  to 
the  extent  desired. 

Referring  now  to  Figs.  15  through  17,  an  alter- 
nate  form  of  tilt  limiting  mechanism  116  is  de- 
picted.  Therein  the  cross  bar  24  is  slidably  sup- 
ported  within  a  sleeve  118,  in  turn  pivotally  fixed 
to  the  mast  26.  In  this  regard,  the  sleeve  118 
includes  a  downwardly  extending  tab  120  having 
an  opening  provided  therethrough  and  adapted 
to  fit  within  an  open-ended  slot  122  provided  in 
the  bifurcated  end  of  the  mast  26.  A  pin  124 
extends  through  openings  provided  in  the  bifur- 
cated  end  as  well  as  through  the  opening  pro- 
vided  in  the  tab  120.  It  may  thus  be  apparent  that 
the  cross  bar  24  is  supported  on  the  mast  26  for 
pivotal  or  torsional  movement  as  in  some  of  the 
previously  described  embodiments.  A  hollow 
sleeve  126  is  supported  by  the  mast  26  and  is  slid- 
ably  adjustable  to  a  variety  of  fixed  positions 
therealong.  Lines  128  of  equal  fixed  length  are 
attached  at  opposite  ends  respectively  to  the 
sleeve  126  and  to  the  cross  bar  24.  In  this  manner 
as  the  cross  bar  is  subject  to  an  outside  constraint 
so  as  to,  for  example,  tilt  it  downwardly  to  the 
right  as  shown  in  Fig.  16,  the  cross  bar  24  is  then 
forced  by  the  length  of  the  then  uppermost  line 
(the  left  line  as  shown  in  Fig.  16)  to  slide  down- 
wardly  to  the  right  relative  to  the  tube  118  until  it 
reaches  a  point  where  one  of  the  lines  128  is  taut 
or  the  sleeve  118  contacts  some  limiting  means 
such  as  the  collars  129  shown.  This  displacement 
of  the  foil  area  towards  whichever  side  is  tilted 
downward  gives  this  side  aerodynamic  lift  over 
the  other  resulting  in  added  leveling  tendency 
which  is  especially  helpful  when  wind  strength 
increases.  This,  in  effect,  provides  automatic 
aerodynamic  leveling  to  counteract  increased 
heeling  force  on  the  foil  supporting  body. 

Turning  now  to  Figs.  18  through  21  of  the 
drawings,  a  still  further  alternate  fornm  of  a  self- 
leveling  system  136  is  depicted.  Such  system  has 
particular  utility  with  lighter  rigs  such  as  may  be 
fashioned  for  use  with  a  hand  supported  and 
manipulated  foil,  i.e.,  for  use  with  sailboards  or 
wind  surfers  and  the  like,  although  not  limited  to 
such  use.  In  such  system  a  foil  14  as  utilized  in  the 
previous  embodiments  and  including  a  cross  bar 
24,  may  be  utilized.  Instead  of  control  sheets  40, 
however,  the  foil  14  is  manipulated  by  a  hand- 
held  generally  U-shaped  bar  138  which  is  fixedly 
connected  to  the  cross  bar  24  at  intermediate 
locations  on  opposite  sides  of  its  connection  to 
the  mast  26.  The  mast  26  is  in  turn  generally  sup- 
ported  in  a  somewhat forward  position  in  the  sail- 
board  140  by  means  of  a  cowl  142  preferably  of 
inverted  conical  shape  and  permitting  the  mast  26 
to  angularly  tilt  with  regard  to  the  upper  surface 
144  of  the  sailboard.  The  mast  26  may  be  stepped 
into  the  cowl  142  in  any  acceptable  manner  and, 
accordingly,  able  to  assume  a  tilt  within  the  limits 
of the  sidewalls  of  the  cowl  142  in  a  full  360°  path. 
The  sailboard  140  is  also  conventionally  provided 
with  a  centerboard  146  and  a  stabilizing  fixed 
rudder  148.  Also,  although  a  limited  vertical  tilt  of 



the  mast with  respect to  the  sailboard  in  a  full  360° 
circle  is  desirable  for  full  flexibility,  advantages 
can  be  obtained  by  utilizing  a  more  limited  degree 
of  tilt  facility;  thus,  the  cowl  142  may  assume  the 
configuration  of  a  longitudinally  elongated  slot  of 
width  just  slightly  greater  than  the  mast  such  that 
only  forward  and  reverse  tilt  is  permitted. 

The  manner  in  which  the  cross  bar  24  is  con- 
nected  to  the  mast  26  in  the  self-leveling  system 
136  under  consideration  is  best  shown  by  refer- 
ence  to  Figs.  20  and  21  of  the  drawings.  Therein 
the  cross  bar  24  is  rotationally  supported  within  a 
sleeve  150  and  additionally  slidable  therein  within 
the  limits  defined  by  the  collars  152  fixedly  con- 
nected  to  the  cross  bar  24  at  locations  slightly 
spaced  from  the  ends  of  the  sleeve  150  in  order 
that  some  lateral  play  of  the  cross  bar  24  with 
respect  to  the  sleeve  150  is  afforded  for  a  purpose 
which  will  hereinafter  be  apparent.  In  addition, 
the  bottom  of  the  sleeve  150  is  provided  with  an 
elongated  open  slot  154  which  in  turn  is  adapted 
to  rest  upon  the  upper  surface  of  a  plug  156  which 
includes  a  downwardly  extending  boss  portion 
which  fits  into  the  upper  open  end  of  the  tubular 
mast  26.  The  plug  156  includes  a  central  bore  160 
in  which  a  rod  162  is  positioned  for  vertical  slid- 
able  movement  with  respect  thereto.  The  lower 
surface  of  the  plug  boss  158  is  provided  with  a 
washer  164  against  which  the  upper  end  of  a 
spring  166  abuts.  The  lower  end  of  the  spring 
similarly  contacts  a  washer  168  adjustably  held  in 
a  fixed  position  relative  to  the  rod  162  by  means 
of  a  nut  170  threaded  on  the  threaded  lower 
terminal  end  172  of  the  rod  162.  Inasmuch  as  the 
plug  156  is  fixed  in  relationship  to  the  mast  26,  the 
force  of  the  spring  166  continually  urges  the  rod 
162  downwardly  into  the  open  upper  end  of  the 
mast  26.  The  upper  end  of  the  rod  162  terminates 
in  an  eyelet  174  through  which  a  pin  176  extends 
through  the  sleeve  150  so  as  to  position  the  upper 
end  of  the  rod  within  the  hollow  interior  of  the 
sleeve  150.  From  such  description  it  may  be 
apparent  that  the  cross  bar  and,  accordingly,  the 
foil  14  is  held  in  position  on  top  of the  mast  26  by 
the  action  of  the  spring  166  and  thus  is  continually 
urged  to  the  position  shown  in  the  full  lines  in  Fig. 
20  by  such  spring  action.  Such  attitude  is  the  rest 
or  level  position  previously  referred  to  and  is  the 
position  which  is  continually  sought  by  the  action 
of  the  spring  when  free  from  other  constraints. 

The  foil  14,  however,  may  be  manipulated  in  a 
number  of  directional  attitudes  vis-a-vis  the  mast 
26  either  by  the  effect.of  wind  upon  the  foil  or  by 
manipulation  of the  control  bar  138  by  the  rider  or 
a  combination  of  both.  It,  accordingly,  will  be 

apparent  that  the  cross  bar  24  can  be  tilted  to 
assume  the  position  shown  by  the  dotted  lines  in 
Fig.  20  or  any  intermediate  position  by  force 
application  thereupon  by  the  control  bar  138. 
When  such  is  accomplished,  the  lower  end  of  the 
sleeve  150  contacts  the  rounded  plug  surface  156; 
and  at  the  same  time,  the  rod  162  is  vertically 
extended  upwardly  so  as  to  compress  the  spring 
166.  In  that  regard,  the  outer  ends  of  the  sleeve 
150  are  slightly  spaced  from  the  collars  152  such 

that  such  tilting  action  does  not  cause  inter- 
ference  contact  between  the  outer  ends  of  the 
sleeve  and  the  collars  152.  This  tilting  action  may 
assume  various  angular  displacements  and  in  a 
full  rotational  directional,  that  is,  the  foil  14  is  free 
to  rotate  with  respect  to  the  mast  26  at  the  upper 
end  thereof  by  frictional  contact  on  the  plug  156 
when  such  rotational  force  is  brought  about  either 
by  manipulation  of  the  control  bar  138  or  by  wind 
force  application  to  the  foil  14  or  any  combination 
thereof.  In  addition,  it  is  also  possible  to  change 
the  front  to  rear  attitude  of  the  foil  14  with  respect 
to  the  sailboard  by  application  of  a  swinging  or 
arcuate  movement  to  the  control  bar  138  with 
respect  to  the  main  planar  configuration  of  the  foil 
14.  This  action  imparts  a  rotational  movement  of 
the  cross  bar  24  with  respect  to  the  sleeve  150  and 
enables  the  surfboarder  to  quickly  manipulate  the 
foil  surface  14  in  an  up  and  down  movement  as 
may  be  desirable  in  riding  the  crest  of  waves  and 
the  like.  In  this  regard,  it  should  be  pointed  out 
that  the  cross  bar  24  does  not  extend  entirely 
through  the  sleeve  150  but  comprises  of  stubs  180 
secured  to  the  inside  surface  of the  sleeve  150  by 
conventional  means  such  as  the  inclusion  of 
expandable  ring  182  adapted  to  extend  into  a 
circular  seat  184  formed  in  the  inside  surface  of 
the  sleeve.  Other  conventional  means  may  be 
utilized,  however,  to  insure  the  connection  of  the 
stub  ends  of  the  cross  bar  24  in  the  sleeve  150. 

1.  A fluid  foil  system  for  imparting  energy  from 
a  moving  fluid  medium  to  a  supporting  body  in 
turn  is  supported  by  means  other  than  said 
moving  fluid  medium,  the  system  including  a 
generally  laterally  symmetrical  fluid  foil  (14)  con- 
nected  to  a  mast  (26)  along  a  longitudinal  axis  of 
the  foil  for  substantial  lateral  tilt  in  either  direction 
with  respect  to  said  mast  about  said  longitudinal 
axis,  the  foil  being  arranged  for  rotational  move- 
ment  relative  to  the  body  about  the  mast  axis  and 
operational  control  means  (40)  for  moving  said 
foil  to  various  tilt  attitudes,  characterised  in  that 
the  foil  is  arranged  for  rotational  movement 
relative  to  the  body  in  a  free  360°  attitude  and  in 
that  self-levelling  means  (42)  are  connected  be- 
tween  the  foil  and  the  mast  serving  automatically 
to  return  the  foil,  when  free  from  said  operational 
control  means,  to  a  level  rest  position  in  which 
substantially  no  power  is  imparted. 

2.  A  fluid  foil  system  according  to  claim  1, 
wherein  said  longitudinal  axis  is  the  axis  of  lateral 
symmetry  of  said  foil. 

3.  A  fluid  foil  system  according  to  any one  of  the 
preceding  claims,  wherein  said  mast  is  supported 
by  said  body  for  rotational  movement  relative  to 
the  body  in  a  free  360°  attitude  at  a  point  spaced 
from  said  foil  connection  thereto. 

4. A fluid foil  system  according  to  any one  of  the 
preceding  claims,  wherein  the  longitudinal 
attitude  of  said  foil  is  adjustably  fixed  in  a  position 
generally parallel  to  the flow  direction  of said fluid 
medium. 



5.  The  fluid  foil  system  according  to  any one  of 
the  preceding  claims,  wherein  said  foil  is 
generally  disposed  at  its  gravity  balance  center 
with  respect  to  said  mast. 

6.  A fluid  foil  system  according  to  any one  of  the 
preceding  claims,  wherein  said  self-levelling 
means  includes  a  spring  (52)  for  automatically 
returning  said  foil  to  its  rest  position  when  free 
from  other  constraints. 

7.  A fluid  foil  system  according  to  any one  of  the 
preceding  claims,  including  means  (76)  separate 
from  said  self-levelling  means  for  limiting  the 
extent  of  lateral  tilt  which  said  foil  may exhibit. 

8.  A  fluid  foil  system  according  to  claim  7,  said 
tilt  limiting  means  being  mounted  on  said  mast  so 
as  to  adjust  the  extent  of  possible  foil  tilt  between 
predetermined  limits  dependent  on  the  position 
of  said  limiting  means  with  respect  to  said  mast. 

9.  A  fluid  foil  system  according  to  claim  8,  said 
tilt  limiting  means  including  a  sleeve  (78)  posi- 
tioned  on  said  mast  and  adjustable  between  fixed 
positions  with  respect  thereto,  said  sleeve  in- 
cluding  a  pair  of  outwardly  extending  arms  (84) 
each  terminating  in  a  head  adapted  to  respec- 
tively  engage  a  portion  of  a  foil  supporting  cross 
bar  (24)  dependent  on  the  tilt  assumed  by  said  foil 
with  respect  to  the  mast  and  thus  limit  the 
possible  maximum  tilt  thereof,  said  mast  being 
freely  rotatable  and  said  sleeve  rotatable  with 
said  mast  so  as  to  ensure  continual  alignment  and 
possible  contact  between  said  heads  and  said 
cross  bar  portions. 

10.  A fluid  foil  system  according  to  claim  9,  said 
sleeve  having  an  open  vertical  slot  (80)  in  which 
means  (82)  outwardly  extending  from  said  mast  is 
adapted  to  engage  such  that  said  mast  and  said 
sleeve  rotate  as  a  unit. 

11.  A  fluid  foil  system  according  to  any  of  the 
preceding  claims,  including  a  supporting  cross 
bar  (24)  in  turn  having  a  rigid  yoke  (44)  ter- 
minating  in  an  apex  distal  from  said  foil  con- 
nection  with  said  mast,  spring  means  (52) 
mounted  in  said  mast  and  means  connecting  said 
yoke  apex  with  said  spring  means  for  auto- 
matically  returning  said  foil  to  its  rest  position 
when  free  from  other  constraints. 

12.  A  fluid  foil  system  according  to  claim  11, 
said  spring  means  being  an  extensible  shock  cord 
connected  to  said  mast  and  said  yoke 
respectively. 

13.  A  fluid  foil  system  according  to  claim  11, 
said  spring  means  being  a  coil  spring  (52) 
mounted  in  said  mast  and  connected  to  said  yoke 
by  a  line  (48)  connected  to  said  spring  at  one  end 
thereof  and  extending  through  an  opening 
formed  in  said  mast,  said  opening  disposed  proxi- 
mate  said  yoke  apex  when  such  is  aligned  in  the 
rest  position  of  said  foil. 

14.  A  fluid  foil  system  according  to  any one  of 
the  preceding  claims,  said  foil  including  a  sup- 
porting  cross  bar  (24)  pivotally  connected  to  said 
mast,  said  self-levelling  means  including  a  sleeve 
(64)  vertically  slidably  mounted  on  said  mast  and 
continually  urged  towards  said  cross  bar  by 
spring  means  (68),  said  sleeve  having  a  pair  of 

outwardly  extending  arms  (70)  adapted  to  contact 
said  cross  bar  at  portions  thereof  on  opposite 
sides  of  said  mast  connection  dependent  on  the 
tilt thereof  so  as  to  continually  urge  said  foil  to  its 
rest  position. 

15.  A  fluid  foil  system  according  to  any one  of 
claims  1  to  13,  said  foil  including  a  supporting 
cross  bar  (24)  supported  by  said  mast  by  means 
of  a  sleeve  (118)  through  which  said  cross  bar 
extends  and  which  sleeve  is  pivotally  connected 
to  said  mast,  said  cross  bar  laterally  slidable  in 
said  sleeve  within  limits  and  said  self-levelling 
means  in  part  defining  said  limits. 

16.  A  fluid  foil  system  according  to  any one  of 
claims  1  to  13,  said  foil  including  a  supporting 
cross  bar  pivotally  connected  to  said  mast,  said 
self-levelling  means  including  a  pair  of  lines  (96) 
fixedly  connected  at  one  end  thereof  to  said  cross 
bar  and  portions  thereof  on  either  side  of  said 
connection  and  extending  into  said  mast  where 
other  ends  thereof  are  connected  to  spring  means 
(108)  mounted  in  said  mast. 

17.  A fluid foil  system  according  to  claim  16,  the 
tension  of  said  spring  means  being  adjustably 
fixed. 

18.  A  fluid  foil  system  according  to  any one  of 
the  preceding  claims,  said  control  means  being  a 
hand  manipulatable  bar  (138)  in  turn  connected  to 
said  foil. 

19.  A  fluid  foil  system  according  to  claim  18, 
said  foil  including  a  supporting  cross  bar,  said 
cross  bar  mounted  on  the  top  of  said  mast  by  said 
self-levelling  means,  said  cross  bar  being  able  to 
tilt  with  respect  to  said  mast  in  a  full  360°  attitude. 

20.  A  fluid  foil  system  according  to  claim  19, 
said  cross  bar  supported  and  adapted  to  fric- 
tionally  engage  a  plug  (156)  disposed  in  the  open 
top  of  said  mast,  said  plug  including  a  bore  (160) 
through  which  a  downwardly  spring  biased  rod 
(162)  extends  and  is  connected  to  said  cross  bar. 

21.  A  fluid  foil  system  according  to  any one  of 
the  preceding  claims,  said  foil  adapted  to  assume 
movement  with  respect  to  said  mast  in  three 
directions,  that  is,  rotation,  lateral  tilt,  and  longi- 
tudinal  tilt. 

1.  Strömungsmittel-Foliensystem,  um  Energie 
von  einem  sich  bewegenden  Strömungsmittel- 
medium  einem  tragenden  Körper  mitzuteilen, 
welcher  seinerseits  durch  ein  anderes  als  das  sich 
bewegende  Strömungsmittelmedium  getragen 
ist,  wobei  das  System  eine  insgesamt  seitlich 
symmetrische  Strömungsmittelfolie  (14)  auf- 
weist,  die  längs  einer  Längsachse  der  Folie  mit 
einem  Mast  (26)  verbunden  ist,  um  im  wesent- 
lichen  seitlich  in  jeder  Richtung  in  Bezug  auf  den 
Mast  um  die  Längsachse  zu  kippen,  wobei  die 
Folie  zur  Drehbewegung  relativ  zum  Körper  rund 
um  die  Mastachse  angeordnet  ist,  und  eine 
betriebliche  Steuereinrichtung  (40),  um  die  Folie 
in  verschiedenartige  Kipplagen  zu  bewegen,  da- 
durch  gekennzeichnet,  daß  die  Folie  zur  freien 
Drehbewegung  relativ  zum  Körper  um  360°  ange- 



ordnet  ist,  und  daß  eine  Selbst-Horizontierungs- 
einrichtung  (42)  zwischen  der  Folie  und  dem  Mast 
angesetzt  ist,  um  automatisch  die  Folie  dann, 
wenn  sie  von  der  betrieblichen  Steuereinrichtung 
frei  ist,  in  eine  horizontale  Ruhelage  zurückzu- 
führen,  in  welcher  im  wesentlichen  keine  Kraft 
mitgeteilt  wird. 

2.  Strömungsmittel-Foliensystem  nach  An- 
spruch  1,  wobei  die  Längsachse  die  Achse  der 
seitlichem  Symmetrie  der  Folie  ist. 

3.  Strömungsmittel-Foliensystem  nach  einem 
der  vorangehenden  Ansprüche,  wobei  der  Mast 
vom  Körper  für  die  freie  Drehbewegung  relativ 
zum  Körper  um  360°  an  einem  Punkt  abgestützt 
ist,  der  einen  Abstand  zur  Verbindung  der  Folie 
hiermit  aufweist. 

4.  Strömungsmittel-Foliensystem  nach  einem 
der  vorangehenden  Ansprüche,  wobei  die  Längs- 
lage  der  Folie  einstellbar  in  einer  Lage  festgelegt 
ist,  die  allgemein  parallel  zur  Strömungsrichtung 
des  Strömungsmittelmediums  liegt. 

5.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  wobei  die  Folie 
im  allgemeinen  an  ihrem  Schwerpunkt  in  Bezug 
auf  den  Mast  angeordnet  ist. 

6.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  wobei  die  Selbst- 
Horizontierungseinrichtung  eine  Feder  (52)  auf- 
weist,  um  die  Folie  automatisch  in  ihre  Ruhelage 
zurückzuführen,  wenn  sie  von  anderen  Zwangs- 
wirkungen  frei  ist. 

7.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  mit  einer  von  der 
Selbst-Horizontierungseinrichtung  getrennten 
Einrichtung  (76),  um  das  Ausmaß  der  seitlichen 
Kippbewegung  zu  begrenzen,  welches  die  Folie 
aufweisen  kann. 

8.  Strömungsmittel-Foliensystem  nach  An- 
spruch  7,  dadurch  gekennzeichnet,  daß  die  Kipp- 
Begrenzungseinrichtung  am  Mast  angebracht  ist, 
um  das  Ausmaß  der  möglichen  Folienkippung 
zwischen  bestimmten  Grenzen  in  Abhängigkeit 
von  der  Lage  der  Begrenzungseinrichtung  in  Be- 
zug  auf  den  Mast  einzustellen. 

9.  Strömungsmittel-Foliensystem  nach  An- 
spruch  8,  wobei  die  Kipp-Begrenzungseinrichtung 
eine  Hülse  (78)  aufweist,  die  am  Mast  angeordnet 
ist  und  zwischen  festliegenden  Lagen  in  Bezug 
hierauf  einstellbar  ist,  die  Hülse  ein  Paar  sich  aus- 
wärts  erstreckender  Arme  (84)  aufweist,  die  je- 
weils  in  einem  Kopf  enden,  der  dazu  eingerichtet 
ist,  jeweils  mit  einem  Abschnitt  einer  die  Folie 
tragenden  Querstange  (24)  in  Abhängigkeit  von 
der  Kippung  in  Eingriff  zu  treten,  die  von  der  Folie 
in  Bezug  auf  den  Mast  eingenommen  wird,  und 
somit  deren  mögliche  maximale  Kippung  zu  be- 
grenzen,  und  der  Mast  frei  drehbar  und  die  Hülse 
zusammen  mit  der  Mast  drehbar  ist,  um  die 
ständige  Ausrichtung  und  die  mögliche  Berüh- 
rung  zwischen  den  Köpfen  und  den  Querstangen- 
abschnitten  sicherzustellen. 

10.  Strömungsmittel-Foliensystem  nach  An- 
spruch  9,  wobei  die  Hülse  einen  offenen  vertika- 
len  Schlitz  (80)  aufweist,  in  welcher  eine  Einrich- 
tung  (82),  die  sich  vom  Mast  auswärts  erstreckt, 

dazu  eingerichtet  ist,  so  in  Eingriff  zu  treten,  daß 
der  Mast  und  die  Hülse  sich  einheitlich  drehen. 

11.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  mit  einer  trag- 
enden  Querstange  (24),  welche  ihrerseits  ein  star- 
res  Joch  (44)  aufweist,  das  in  einem  Scheitel  fern 
der  Folienverbindung  mit  dem  Mast  endet, einer 
Federeinrichtung  (52),  die  im  Mast  angebracht  ist, 
und  einer  Einrichtung,  die  den  Jochscheitel  mit 
der  Federeinrichtung  verbindet,  um  automatisch 
die  Folie  in  ihre  Ruhelage  zurückzuführen,  wenn 
sie  von  anderen  Zwangswirkungen  freigegeben 
ist. 

12.  Strömungsmittel-Foliensystem  nach  An- 
spruch  11,  wobei  die  Federeinrichtung  ein  läng- 
bares  Elastikseil  ist,  das  mit  dem  Mast  bzw.  dem 
Joch  verbunden  ist. 

13.  Strömungsmittel-Foliensystem  nach  An- 
spruch  11,  wobei  die  Federeinrichtung  eine 
Spiralfeder  (52)  ist,  die  im  Mast  angebracht  und 
mit  den  Joch  durch  eine  Leine  (48)  verbunden  ist, 
welche  mit  der  Feder  an  ihrem  einen  Ende  ver- 
bunden  ist  und  sich  durch  eine  Öffnung  erstreckt, 
die  im  Mast  ausgebildet  ist,  wobei  die  Öffnung 
nahe  dem  Jochscheitel  angeordnet  ist,  wenn 
dieser  in  der  Ruhelage  der  Folie  eingetrimmt  ist. 

14.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  wobei  die  Folie 
eine  tragende  Querstange  (24)  aufweist,  die 
schwenkbar  mit  dem  Mast  verbunden  ist,  die 
Selbst-Horizontierungseinrichtung  eine  Hülse  (64) 
aufweist,  die  vertikal  verschieblich  am  Mast  ange- 
bracht  ist  und  ständig  gegen  die  Querstange 
mittels  einer  Federeinrichtung  (68)  gedrückt  wird, 
und  die  Hülse  ein  Paar  sich  auswärts  erstreck- 
enden  Arme  (70)  aufweist,  die  zur  Berührung  mit 
der  Querstange  an  Abschnitten  dieser  auf  den 
gegenüberliegenden  Seiten  der  Mastverbindung 
in  Abhängigkeit  von  der  Kippung  hiervon  einge- 
richtet  sind,  um  ständig  die  Folie  in  ihre  Ruhelage 
zu  drücken. 

15.  Strömungsmittel-Foliensystem  nach  jedem 
der  Ansprüche  1  bis  13,  wobei  die  Folie  eine 
tragende  Querstange  (24)  aufweist,  die  vom  Mast 
mittels  einer  Hülse  (118)  getragen  ist,  durch 
welche  sich  die  Querstange  erstreckt  und  welche 
schwenkbar  mit  dem  Mast  verbunden  ist,  und 
wobei  die  Querstange  seitlich  in  der  Hülse  inner- 
halb  Grenzen  verschieblich  ist  und  die  Selbst- 
Horizontierungseinrichtung  teilweise  die  Grenzen 
bestimmt. 

16.  Strömungsmittel-Foliensystem  nach  jedem 
der  Ansprüche  1  bis  13,  wobei  die  Folie  eine 
tragende  Querstange  aufweist,  die  schwenkbar 
mit  dem  Mast  verbunden  ist,  und  die  Selbst- 
Horizontierungseinrichtung  ein  Paar  Leinen  (96) 
aufweist,  die  fest  an  dem  einen  Ende  hiervon  mit 
der  Querstange  und  Abschnitten  hiervon  auf  je- 
der  Seite  der  Verbindung  verbunden  sind  und 
sich  in  den  Mast  hinein  erstrecken,  wo  ihre  ande- 
ren  Enden  mit  einer  Federeinrichtung  (108)  ver- 
bunden  sind,  die  im  Mast  angebracht  ist. 

17.  Strömungsmittel-Foliensystem  nach  An- 
spruch  16,  wobei  die  Spannung  der  Federeinrich- 
tung  einstellbar  festgelegt  ist. 



18.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  wobei  die  Steuer- 
einrichtung  eine  von  Hand  betätigbare  Stange 
(138)  ist,  die  ihrerseits  mit der  Folie verbunden  ist. 

19.  Strömungsmittel-Foliensystem  nach  An- 
spruch  18,  wobei  die  Folie  eine  tragende  Quer- 
stange  aufweist,  die  Querstange  an  der  Oberseite 
des  Masts  mittels  der  Selbst-Horizontierungsein- 
richtung  angebracht  ist,  und  die  Querstange  im- 
stande  ist,  in  Bezug  auf  den  Mast  voll  um  360°  zu 
kippen. 

20.  Strömungsmittel-Foliensystem  nach  An- 
spruch  19,  wobei  die  Querstange  getragen  und 
eingerichtet  ist,  in  Reibungseingriff  mit  einem 
Stopfen  (156)  zu  treten,  der  in  der  offenen  Ober- 
seite  des  Masts  angeordnet  ist,  und  der  Stopfen 
eine  Bohrung  (160)  aufweist,  durch  welche  sich 
eine  nach  unten  federvorgespannte  Stange  (162) 
erstreckt  und  mit  der  Querstange  verbunden  ist. 

21.  Strömungsmittel-Foliensystem  nach  jedem 
der  vorangehenden  Ansprüche,  wobei  die  Folie 
dazu  eingerichtet  ist,  eine  Bewegung  in  Bezug  auf 
den  Mast  in  drei  Richtungen  durchzuführen,  d.h. 
in  Drehrichtung,  seitlicher  Kipprichtung  und 
Längs-Kipprichtung. 

1.  Système  d'aile  à  fluide  destiné  à  appliquer 
l'énergie  d'un  milieu  fluide  en  mouvement  à  un 
corps  porteur,  lequel  corps  est  lui-même  supporté 
par  d'autres  moyens  que  le  milieu  fluide  en 
mouvement,  le  système  comprenant  une  voile 
(14)  à  fluide  symétrique  dans  son  ensemble  en 
direction  latérale  et  reliée  à  un  mât  (26)  le  long 
d'un  axe  longitudinal  de  la  voile  de  façon  à  pou- 
voir  être  inclinée  latéralement  de  façon  sensible 
dans  un  sens  ou  dans  l'autre  par  rapport  audit 
mât  autour  dudit  axe  longitudinal,  la  voile  étant 
agencée  de  façon  à  subir  un  mouvement  tournant 
par  rapport  au  corps  autour  de  l'axe  du  mât  et  des 
moyens  de  commande  (40)  pour  donner  à  ladite 
voile  différentes  attitudes  d'inclinaison,  carac- 
térisé  par  le  fait  que  la  voile  est  agencée  pour 
subir  un  mouvement  tournant  par  rapport  au 
corps  dans  une  attitude  libre  sur  360°  et  par  le  fait 
qu'un  moyen  d'équilibrage  automatique  (42)  est 
monté  entre  la  voile  et  le  mât  pour  servir  à 
ramener  automatiquement  la  voile,  lorsqu'elle  est 
libérée  desdits  moyens  de  commande,  à  une 
position  de  repos  ou  d'équilibre  dans  laquelle 
pratiquement  aucune  énergie  ne  lui  est  communi- 
quée. 

2.  Système  d'aile  à  fluide  selon  la  revendication 
1,  dans  lequel  ledit  axe  longitudinal  est  l'axe 
latéral  de  symétrie  de  ladite  voile. 

3.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  dans  le- 
quel  ledit  mât  est  soutenu  par  ledit  corps  de  façon 
à  pouvoir  tourner,  par  rapport  au  corps  sur  une 
attitude  libre  de  360°,  en  un  point  écarté  de  ladite 
liaison  de  la  voile  avec  le  mât. 

4.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  dans  le- 
quel  l'attitude  longitudinale  de  ladite  voile  est 

fixée  de  façon  réglable  en  une  position  générale- 
ment  parallèle  à  la  direction  d'écoulement  dudit 
milieu  fluide. 

5.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  dans  le- 
quel  ladite  voile  est  disposée  approximativement 
en  son  centre  de  gravité  par  rapport  audit  mât. 

6.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  dans  le- 
quel  ledit  moyen  d'équilibrage  automatique  com- 
prend  un  ressort  (52)  destiné  à  ramener  auto- 
matiquement  ladite  voile  à  sa  position  de  repos 
quand  elle  n'est  soumise  à  aucune  autre 
contrainte. 

7.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  compre- 
nant  un  moyen  (76)  différent  dudit  moyen  d'équi- 
librage  automatique  pour  limiter  l'importance  de 
l'inclinaison  latérale  que  peut  prendre  ladite  voile. 

8.  Système  d'aile  à  fluide  selon  la  revendication 
7,  dans  lequel  ledit  moyen  limiteur  d'inclinaison 
est  monté  sur  ledit  mât  de  façon  à  régler  l'impor- 
tance  de  l'inclinaison  possible  de  la  voile  entre 
des  limites  prédéterminées  en  fonction  de  la 
position  dudit  moyen  limiteur  par  rapport  audit 
mât. 

9.  Système  d'aile  à  fluide  selon  la  revendication 
8,  dans  lequel  ledit  moyen  limiteur  comprend  un 
manchon  (78)  monté  sur  ledit  mât  et  réglable  en 
position  entre  des  emplacements  fixes  par  rap- 
port  audit  mât,  ledit  manchon  comprenant  une 
paire  de  bras  (84)  s'étendant  vers  l'extérieur  et 
terminés  chacun  par  une  tête  apte  à  prendre 
contact  respectivement  avec  des  parties  de  la 
barre  transversale  (24)  supportant  la  voile,  selon 
l'inclinaison  prise  par  ladite  voile  par  rapport  au 
mât,  et  à  limiter  ainsi  l'inclinaison  maximale 
possible,  ledit  mât  pouvant  tourner  librement  et 
ledit  manchon  pouvant  tourner  avec  ledit  mât  afin 
d'assurer  un  centrage  continu  et  un  contact  possi- 
ble  entre  lesdites  têtes  et  lesdites  parties  de  la 
barre  transversale. 

10.  Système  d'aile  à  fluide  selon  la  revendi- 
cation  9,  dans  lequel  ledit  manchon  possède  une 
fente  verticale  ouverte  (80)  dans  laquelle  des 
moyens  (82)  dépassant  dudit  mât  vers  l'extérieur 
sont  agencés  pour  s'engager  de  façon  que  ledit 
mât  et  ledit  manchon  tournent  en  bloc. 

11.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  compre- 
nant  une  barre  transversale  de  support  (24)  munie 
d'un  étrier  rigide  (44)  se  terminant  par  un  sommet 
éloigné  de  la  liaison  de  ladite  voile  avec  ledit  mât, 
des  moyens  à  ressort  (52)  montés  dans  ledit  mât 
et  des  moyens  reliant  le  sommet  de  l'étrier  aux- 
dits  moyens  à  ressort  pour  ramener  automatique- 
ment  ladite  voile  à  sa  position  de  repos  quand  elle 
n'est  soumise  à  aucune  autre  contrainte. 

12.  Système  d'aile  à  fluide  selon  la  revendi- 
cations  11,  dans  lequel  lesdits  moyens  à  ressort 
sont  constitués  d'un  cordage  extensible  à  chocs 
relié  audit  mât  et  audit  étrier  respectivement. 

13.  Système  d'aile  à  fluide  selon  la  revendi- 
cation  11,  dans  lequel  lesdits  moyens  à  ressort 
sont  constitués  par  un  ressort  hélicoïdal  (52) 



monté  dans  ledit  mât  et  relié  audit  étrier  par  un 
filin  (48)  relié  audit  ressort  par  une  extrémité  de 
celui-ci  et  passant  par  une  ouverture  formée  dans 
ledit  mât,  ladite  ouverture  étant  placée  à  proxi- 
mité  dudit  sommet  de  l'étrier  quand  cet  étrier  est 
situé  dans  la  position  de  repos  de  ladite  voile. 

14.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  dans  le- 
quel  ladite  aile  comprend  une  barre  transversale 
de  support  (24)  fixée  audit  mât  par  un  montage 
pivotant,  ledit  moyen  d'équilibrage  automatique 
comprenant  un  manchon  (64)  monté  sur  ledit  mât 
de  façon  à  pouvoir  coulisser  verticalement  et 
sollicité  en  permanence  vers  ladite  barre  transver- 
sale  par  des  moyens  à  ressort  (68)  ledit  manchon 
comprenant  une  paire  de  bras  (70)  s'étendant 
vers  l'extérieur  et  aptes  à  venir  en  contact  avec 
ladite  barre  transversale  en  des  parties  de  cette 
dernière  situées  sur  les  côtés  opposés  de  la 
liaison  avec  ledit  mât,  en  fonction  de  l'inclinaison 
de  cette  barre  transversale  afin  de  solliciter  en 
permanence  ladite  voile  vers  sa  position  de  repos. 

15.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  1  à  13,  ladite  voile 
comprenant  une  barre  transversale  de  support 
(24)  portée  par  ledit  mât  au  moyen  d'un  manchon 
(118)  par  lequel  passe  ladite  barre  transversale, 
lequel  manchon  est  fixé  par  un  montage  pivotant 
audit  mât,  ladite  barre  transversale  pouvant  glis- 
ser  latéralement  dans  ledit  manchon  dans  cer- 
taines  limités,  et  ledit  moyen  d'équilibrage  auto- 
matique  définissant  en  partie  lesdites  limites. 

16.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  1  à  13,  dans  lequel 
ladite  voile  comprend  une  barre  transversale  de 
support  fixée  par  un  montage  pivotant  audit  mât, 
ledit  moyen  d'équilibrage  automatique  (96) 

comprenant  deux  filins  fixés  par  l'une  de  leurs 
extrémités  à  ladite  barre  transversale  et  des  par- 
ties  de  ces  câbles  étant  placées  de  chaque  côté  de 
ladite  liaison  et  pénétrant  dans  ledit  mât  où  leurs 
autres  extrémités  sont  reliées  à  des  moyens  à 
ressort  (108)  montés  dans  ledit  mât. 

17.  Système  d'aile  à  fluide  selon  la  revendi- 
cation  16,  dans  lequel  la  tension  desdits  moyens  à 
ressort  est  réglable. 

18.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédente,  lesdits 
moyens  de  commande  étant  constitués  par  un 
arceau  manoeuvrable  à  la  main  (138)  et  relié  à 
ladite  voile. 

19.  Système  d'aile  à  fluide  selon  la  revendi- 
cation  18,  dans  lequel  ladite  voile  comprend  une 
barre  transversale  de  support,  ladite  barre  trans- 
versale  étant  montée  au  sommet  dudit  mât  par 
ledit  moyen  d'équilibrage  automatique,  ladite 
barre  transversale  étant  susceptible  de  d'incliner 
par  rapport  audit  mât  dans  une  attitude  de  360° 
complets. 

20.  Système  d'aile  à  fluide  selon  la  revendi- 
cation  19,  dans  lequel  ladite  barre  transversale  est 
supportée  de  façon  à  pouvoir  prendre  contact 
avec  frottement  avec  un  embout  (156)  placé  sur  le 
dessus  ouvert  dudit  mât,  ledit  embout  compre- 
nant  un  trou  (160)  par  lequel  passe  une  tige  (162) 
poussée  vers  le  bas  par  un  ressort  et  reliée  à 
ladite  barre  transversale. 

21.  Système  d'aile  à  fluide  selon  l'une  quel- 
conque  des  revendications  précédentes,  ladite 
aile  étant  apte  à  subir  un  certain  mouvement  par 
rapport  audit  mât  dans  trois  directions,  c'est-à- 
dire  en  rotation,  en  inclinaison  latérale  et  en 
inclinaison  longitudinale. 
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