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©  Sail  support  and  control  system. 

This  invention  provides  an  improved  system  for  causing 
swinging  of  a  boom  of  a  sail  support  system  as  described  in 
the  above  identified  application,  in  which  the  boom  support, 
which  is  rotatable  about  the  mast  or  mast  support  is  driven  in 
rotation  by  hydraulic  or  pneumatic  cylinders  suitably 
arranged  to  rotate  the  boom  about  90°  to  either  side  of  the 
fore  and  aft  position.  In  one  embodiment  of  the  invention 
two  cylinders  are  symmetrically  positioned  in  relation  to  the 
boom  support  so  as  to  enable  rotation  of  the  boom  90°  to 
port  or  starboard  without  interference  of  the  cylinder  rods 
with  the  boom  support,  and  so  that  the  rotating  force  can  be 
applied  to  the  boom  support  is  never  less  than  the  force  that 
is  available  from  one  cylinder  acting  at  the  maximum  radius. 
Means  is  also  provided  to  prevent  the  boom  from  swinging 
at  an  excessive  rate,  such  as  when  it  is  being  swung  out  to 
catch  the  wind,  by  controlling  the  flow  of  fluid  out  of  the 
cylinders.  Means  is  also  provided  for  holding  the  boom  in  a 
desired  position. 

In  a  preferred  embodiment  of  the  invention,  the  boom 
support  and  the  cylinders  are  mounted  on  a  support  frame 
on  an  upper  deck  of  the  ship,  with  means  being  provided  for 
measuring  the  force  applied  by  the  frame  to  the  ship.  Since 
the  cylinders  act  between  the  support  frame  and  the  boom 
support,  the  forces  applied  by  the  cylinders  are  isolated  from 
the  propulsion  force  measuring  device. 





BACKGROUND  OF  THE  INVENTION .  

In  a  co -pend ing   a p p l i c a t i o n   S e r i a l   290,234  f i l e d   August  5,  1981 ,  

t h e r e   is  d i s c l o s e d   and  c la imed   a  s a i l   s u p p o r t   and  c o n t r o l   system  d e s i g n e d  

for   use  as  s a i l   a s s i s t   p r o p u l s i o n   for  a  cargo  v e s s e l .   In  said  system  a n  

u n s t a y e d   mast  c a r r i e s   a  c a n t i l e v e r   mounted  boom  which  i s  h o r i z o n t a l l y  

r o t a t a b l e   on  the  mast.   R o t a t i o n   i s  e f f e c t e d   by  p r o v i d i n g   a  winch  on  t h e  

boom  which  t akes   in  and  pays  out  shee t s   which  extend  from  the  end  of  t h e  

boom  a round  s u i t a b l y   p o s i t i o n e d   f a i r l e a d s   to  dead  ends  on  the  deck,  t o  

enab le   the  boom  to  be  swung  to  a  d e s i r e d   o r i e n t a t i o n   in  r e l a t i o n   to  t h e  

sh ip ,   and  to  p rov ide   shee t   t e n s i o n  t o   hold  the  boom  in  sa id   d e s i r e d  

o r i e n t a t i o n .  

A l though   a  s a i l   suppor t   and  c o n t r o l   system  as  d e s c r i b e d   in  s a i d  

a p p l i c a t i o n   has  been  found  s a t i s f a c t o r y   in  commerc ia l   o p e r a t i o n ,   i t   h a s  

been  found  t h a t   in  some  i n s t a l l a t i o n s ,   the  boom  swinging  system  can  

cause  d i f f i c u l t y ,   in  t h a t   the  shee t ,   which  ex tends   from  the  end  of  t h e  

boom  to  dead  ends  on  the  deck,  may  i n t e r f e r e   with  cargo  hand l ing ,   and  i s  

s u b j e c t   to  wear,  c o r r o s i o n ,   and  p o s s i b l e   f a i l u r e   du r ing   u s e .  



BRIEF  DESCRIPTION  OF  THE  FIGURES  OF  THE  DRAWING 

Figure   1  is  a  view  in  s ide   e l e v a t i o n   of  a  boom,  boom  s u p p o r t ,   and 

boom  swinging  mechanism  embodying  the  f e a t u r e s   of  the   i n v e n t i o n .  

Figure   2  is  a  top  p lan   view,  p a r t l y   in  s e c t i o n ,   of  the  assembly  o f  

F i g u r e   1 .  

F igure   3  is  a  r e a r   view  of  the  assembly  of  F igu re   2,  i l l u s t r a t i n q  

the  suppor t   frame  m o u n t i n g .  

F igure   4  is  an  e n l a r g e d   top  plan  view,  p a r t l y   b roken   away,  of  t h e  

f r o n t   p o r t i o n   of  the  s u p p o r t   f rame,   i l l u s t r a t i n g   the  load  m e a s u r i n g  

c e l l .  

F igure   5  is  a  s ide   e l e v a t i o n   o f  F i g u r e   4,  p a r t l y   broken  away.  

Figure   6  is  an  e n l a r g e d   view  of  a  p o r t i o n   of  the   assembly  of  F i g u r e  

5,  i l l u s t r a t i n g   the  load  c e l l   m o u n t i n g .  

Figure   7  is  a  view  of  the  assembly  of  F i g u r e   2,  in  which  the  boom 

has  been  swung  to  s t a r b o a r d .  

Figure   8  is  a  s chema t i c   diagram  of  the  h y d r a u l i c   system  used  t o  

c o n t r o l   the  motion  of  the  boom. 

Figure   9  is  a  graph  of  the  fo rces   a v a i l a b l e   from  the  c y l i n d e r s   a t  

v a r i o u s   boom  a n g l e s .  



DESCRIPTION  OF  THE  ILLUSTRATED  EMBODIMENT 

R e f e r r i n g   'to  the  drawing,   t h e r e   is  i l l u s t r a t e d  a   s a i l   s u p p o r t  

assembly  c o m p r i s i n g   a  suppor t   frame  10  mounted  on  the  deck  12  of  a  

v e s s e l ,   a  boom  suppo r t   14  r o t a t a b l y   mounted  on  the  frame  10,  and  a  m a s t  

16  r o t a t a b l y   mounted  w i th in   the  boom  suppor t   14 .  

.The  s a i l   s u p p o r t   assembly  is  s i m i l a r   in  some  r e s p e c t s   to  t ha t   shown 

in  c o - p e n d i n g   a p p l i c a t i o n   s e r i a l   290,  234  f i l e d - A u g u s t   5,  1981,  in  t h a t  

the  boom  is  mounted  in  c a n t i l e v e r   f a s h i o n   onto  s u p p o r t   14  so  t h a t   the  boom 

can  r e s i s t   the  downward  f o r ce   of  i t s   own  weight   and  the  upward  fo rce   o f  

the  s a i l   w i t h o u t   s u p p o r t i n g   l i n e s .  

The  s u p p o r t   frame  10  compr i ses   l a t e r a l l y   e x t e n d i n g   p o r t i o n s   22  and  

24  and  a  f o r w a r d l y   ex t end ing   p o r t i o n   26:  The  frame  1 0  i s   s ecured   to  t h e  

main  deck  12   by  pylons   28  and  30  d i sposed   at  the  o u t e r   ends  of  t h e  

l a t e r a l l y   e x t e n d i n g   p o r t i o n s ,   a  t r u n n i o n   32  at  the  r e a r   of  the  f r a m e ,  

and  a  pin  34  e x t e n d i n g   f o r w a r d l y   from  the  p o r t i o n   26  i n t o   an  a p e r t u r e   36 

in  an  upwardly   p r o j e c t i n g   r e t a i n i n g   member  38  f a s t e n e d   to  the  deck  12 .  

The  frame  mounting  a l l o w s  a   s l i g h t   amount  of  f o r e   and  a f t   movement 

to  al low  the  measurement   of  the  forward  p r o p u l s i o n   f o r c e   a p p l i e d   to  t h e  

ship  by  the  s a i l .   For  t h i s   purpose   a  load  c e l l   L  is  mounted  between  a  

p l a t e   40  f a s t e n e d   to  the  deck  and  a  p l a t e   42  f a s t e n e d   to  the  s u p p o r t  

frame,  so  t h a t   any  forward  movement  of  the  frame  r e s u l t i n g   from  f o r c e s  

app l i ed   t h e r e t o   by  the  mast  r e s u l t s   in  de fo rma t ion   of  the  load  c e l l .  

Load  c e l l s   for  t h i s   purpose  are  well   known  in  the  a r t ,   and  p rov ide   a  

changing  e l e c t r i c a l   pa ramete r   with  changing  load,  which  i n f o r m a t i o n   c a n  

be  t r a n s m i t t e d   to  a  remote  l o c a t i o n   such  as  the  sh ips   b r i d g e .  



To  p rov ide   means  for  r o t a t i n g   the  boom  suppor t   to  swing  the  boom  t o  

a  de s i r ed   angle   in  r e l a t i o n   to  the  sh ip ,   and  to  hold  the  boom  in  t h e  

des i r ed   p o s i t i o n   w i t h o u t   the  r o t a t i n g   or  m a i n t a i n i n g   fo rce   a f f e c t i n g   t h e  

measurement  of  the  p r o p u l s i o n   fo rce   a p p l i e d   to  the  sh ip ,   a  p a i r   o f  

h y d r a u l i c   c y l i n d e r s   Cl  and  C2  are  p r o v i d e d   on  the  s u p p o r t   frame,  w i t h  

the  rod  ends  Rl  and  R2  t h e r e o f   be ing   connec t ed   to  r a d i a l l y   e x t e n d i n g  

mounting  ears  44  and  46  on  the  boom  s u p p o r t ,   and  the  head  ends  of  t h e  

c y l i n d e r s   being  connec t ed   to  the  l a t e r a l l y   e x t e n d i n g   p o r t i o n s   22  and  24 

at  the  ou te r   ends  t h e r e o f .  

The  c y l i n d e r s   are  so  o r i e n t e d   i n - r e l a t i o n   to  the  boom  s u p p o r t   t h a t  

they  are  capab le   of  r o t a t i n g   the  boom  s u p p o r t   th rough   a p p r o x i m a t e l y   900 

in  e i t h e r   d i r e c t i o n   from  the  c e n t e r l i n e  o f   the  ship  w i t h o u t   i n t e r f e r e n c e  

between  the  rods  Rl  and  R2  and  the  boom  s u p p o r t .  

The  c y l i n d e r s   are  a l so   so  o r i e n t e d   in  r e l a t i o n   to  the  boom  s u p p o r t  

t h a t   when  the  boom  is  on  the  c e n t e r l i n e   of  the  sh ip ,   each  c y l i n d e r   i s  

p a r t i a l l y   ex tended   and  the  angle  between  the  r a d i u s   (the  l i ne   b e t w e e n  

the  rod  c o n n e c t i o n   to  the  boom  suppo r t   and  the  c e n t e r   o f  r o t a t i o n   of  t h e  

boom  support )   and  the  axis   o f  t h e   rod  is  between  the  dead  c e n t e r   p o s i t i o n  

of  1800  and  the  maximum  to rque   p o s i t i o n   of  900.  The  exac t   angle   w i l l  

depend  on  the  l eng th   and  s t r o k e   of  the  c y l i n d e r s ,   and  in  a  t y p i c a l   c a s e  

wi l l   be  between  about  1 2 0   and  1500.  The  c y l i n d e r s   a l so   must  be  s o  

o r i e n t e d   t ha t   when  one  c y l i n d e r   rod  is  in  the  dead  c e n t e r   (1800)  p o s i t i o n  

the  other   c y l i n d e r   rod  is  s u b s t a n t i a l l y   at  90o  to  the  r ad ius   to  p r o v i d e  

the  maximum  t o r q u e .  



In  the  i l l u s t r a t e d   embodiment,   the  o p e r a t i o n   of  the  c y l i n d e r s   i s  

c o n t r o l l e d   by  the  h y d r a u l i c   s y s t e m  i l l u s t r a t e d   in  F igure   8.  The  c y l i n d e r s  

must  not  only  be  able   to  swing  the  boom  to  any  p o s i t i o n   up  to  about  9 0 °  

to  p o r t   or  s t a r b o a r d ,   they  must  a l so   be  able  to  hold  the  boom  in  a  

d e s i r e d   p o s i t i o n ,   and  must  be  able   to  l i m i t   the  speed  at  which  the  boom 

swings ,   such  as  when  the  boom  is  swung  out  to  ca tch   a  f a v o r a b l e   w i n d .  

For  these   p u r p o s e s   the  h y d r a u l i c   c o n t r o l   c i r c u i t   compr i ses   a  s o u r c e  

of  f l u i d   p r e s s u r e   P,  w h i c h  i s   f e d  t o  a   mas te r   c o n t r o l   va lve   V1  which  h a s  

l e f t ,   c e n t e r ,   and  r i g h t   p o s i t i o n s .   The  va lve   V1  is  no rmal ly   in  t h e  

c e n t e r   p o s i t i o n   and  may  be  moved  to  the  l e f t   or  r i g h t   p o s i t i o n   m a n u a l l y  

or  by  o the r   means  to  cause  the  boom  to  swing  to  p o r t   or  s t a r b o a r d   r e s p e c t i v e l y .  

Swinging  of  the  boom  occurs   so  long  as  the  va lve   Vl  is  he ld   in  the  l e f t  

or  r i g h t   p o s i t i o n   (wi th in   the  l i m i t s   of  t r a v e l   of  the  boom),  and  s t o p s  

when  the  va lve   VI  is  r e l e a s e d   to  r e t u r n   to  the  c e n t e r   p o s i t i o n .  

When  valve   Vl  is  s h i f t e d   to  the  r i g h t ,   f l u i d   flows  th rough   t h e  

v a l v e   VI  to  va lves   V2  and  V3 which  are  cam  a c t u a t e d   in  a  manner  t o  

appear   h e r e i n a f t e r .   As  i l l u s t r a t e d   in  F igure   8,  the  va lves   V2  and  V3  a n d  

the  c y l i n d e r s   Cl  and  C2  are  in  a  p o s i t i o n   which  c o r r e s p o n d s   to  the  f o r e  

and  a f t   p o s i t i o n   of  the  boom,  and  in  such  p o s i t i o n   when  va lve   Vl  is  s h i f t e d  

to  the  r i g h t   va lve   V2  admits  p r e s s u r e   through  supply  l i n e   Ll  and  c h e c k  

va lve   Kl  to  the  head  end  of  c y l i n d e r   Cl,  and  valve  V3  admits   p r e s s u r e  

th rough   supply  l i n e   L2  and  check  va lve   K2  to  the  rod  end  of  c y l i n d e r   C2.  

T h e r e f o r e   s h i f t i n g   va lve   Vl  to  the  r i g h t   causes   the  boom  t o  

swing  to  s t a r b o a r d ,   and  as  can  be  seen  from  the  diagram  of  F igure   8,  

s h i f t i n g   valve  Vl  to  the  l e f t   w i l l   cause  the  boom  to  swing  to  p o r t .  



On  the  i n i t i a l   c o u n t e r c l o c k w i s e   r o t a t i o n   of  the  boom  s u p p o r t ,   t h e  

e x t e n s i o n   of  the  p i s t o n   rod  of  c y l i n d e r   Cl  f o r c e s   f l u i d   out  of  the  r o d  

end  of  the  c y l i n d e r   t h rough   a  motion  c o n t r o l   va lve   V4  and  check  va lve   K4 

va lve   V2  and  valve  V l  t o   the  f l u i d   supply   tank  T,  and  the  c o r r e s p o n d i n g  

r e t r a c t i o n   of  the  rod  of  c y l i n d e r   C2  f o r c e s   f l u i d   out  of  the  head  e n d  

t h e r e o f   th rough  motion  c o n t r o l   va lve   V5,  check  va lve   K5  va lve   V3  a n d  

v a l v e   Vl  to  the  f l u i d   supply  tank  T . .  

The  motion  c o n t r o l   va lves   l i m i t   the  a n g u l a r   r a t e   at  which  the  boom 

can  swing  in  the  f o l l o w i n g   manner.  When  the  p i s t o n s   Cl  and  C2  o p e r a t e   to  sw ing  

the  boom  to  allow  the  s a i l   to  c a t c h  a  f a v o r a b l e   wind,  the  wind  p r e s s u r e   on  

the  s a i l   may  be  g r e a t   enough  t h a t   the  r e s u l t i n g   r o t a t i n g   f o r c e   a p p l i e d  

by  the  s a i l   to  the  boom  suppor t   t ends   to  f o r c e   the  p i s t o n s   of  the   c y l i n d e r s  

to  move  f a s t e r   than  the  boom  suppor t ,  would   be  moved  by  the  f l u i d   supply   f r o m  

t h e   pump  P.  The  r o t a t i n g   fo rce   a p p l i e d   by  the   s a i l   t h e r e f o r e   t ends   t o  

cause   a  r e d u c t i o n   in  p r e s s u r e   in  the  head  end  of  c y l i n d e r   Cl  and  at  t h e  

rod  end  of  c y l i n d e r   C2.  

The  motion  c o n t r o l   va lves   are  no rma l ly   s p r i n g - b i a s e d   to  the   c l o s e d  

p o s i t i o n   and  are  opened  by  p r e s s u r e   on  a  p i l o t   l i n e   connec t ed   be tween   t h e  

va lve   and  a   source  of  p r e s s u r e , ' w i t h   the  amount  of  opening  b e i n g   a  

f u n c t i o n   of  the  amount  of  p r e s s u r e .   The  p i l o t   l i n e   P4  of  v a l v e   V4  i s  

c o n n e c t e d   to  the  f l u i d   supply  l i n e   Ll  f eed ing   the  head  end  of  c y l i n d e r   C l ,  

and  the  p i l o t   l ine   P5  of  valve  V5  is  c o n n e c t e d   to  the  f l u i d   supply   l i ne   L2 

f e e d i n g   the  rod  end  of  c y l i n d e r   C2.  The  r e d u c t i o n   of  p r e s s u r e   on  t h e  

supply   l i n e s   Ll  and  L2  causes   a  c o r r e s p o n d i n g   r e d u c t i o n   of  p r e s s u r e   on 

the  p i l o t   l i ne s   P4  and  P5  of  va lves   V4  and  V5  r e s p e c t i v e l y ,   to  al low  s a i d  

v a l v e s   to  move  toward  the  c losed   p o s i t i o n   to  t h e r e b y   reduce   the  r a t e   o f  

flow  of  f l u i d   cut  of  the  c y l i n d e r s   and  t he r eby   l i m i t   the  r a t e   at  w h i c h  

the  boom  can  sw ing .  



When  the  boom  has  r o t a t e d   to  s t a r b o a r d   through  an  ang le   such  t h a t  

the  rod  of  c y l i n d e r   C2  has  reached   dead  c e n t e r ,   cam  48 on  the  boom 

suppo r t   14  o p e r a t e s   a  m i c r o s w i t c h   Sl,  which  a c t u a t e s   a  s o l e n o i d   Ql  o f  

valve  V3  to  s h i f t   i t   to  the  l e f t   so  t h a t   the  flow  of  f l u i d   to  c y l i n d e r  

C2  is  r e v e r s e d ,   and  p r e s s u r e   is  a p p l i e d   to  the  head  end  t h e r e o f .   At  

t h i s   p o s i t i o n   of  the  boom  suppor t ,   the  r o t a t i n g   fo rce   a p p l i e d   t h e r e t o  

comes  only  from  c y l i n d e r   Cl,  however  the  a r r a n g e m e n t  o f   the  c y l i n d e r s   i s  

such  t h a t   in  t h i s   p o s i t i o n   c y l i n d e r  C l   i s - a c t i n g   s u b s t a n t i a l l y   p e r p e n d i c u l a r  

to  the  r a d i u s ,   so  t h a t   i t   can  apply  maximum  torque  to  the  boom  s u p p o r t .  

On  f u r t h e r   c o u n t e r - c l o c k w i s e   r o t a t i o n   of  the  boom  s u p p o r t ,   the  f o r c e  

a p p l i e d   by  c y l i n d e r   C2  i n c r e a s e s   as  the  force   a p p l i e d   by  c y l i n d e r   Cl 

d e c r e a s e s   due  to  the  d e c r e a s i n g   r a d i u s .  

To  t h e r e a f t e r   swing  the  boom  inward ly   ( c o u n t e r - c l o c k w i s e )   valve  VI 

is  s h i f t e d   to  the  l e f t ,   so  tha t   f l u i d   p r e s s u r e   is  s u p p l i e d   to  the  r o d  

end  of  c y l i n d e r   Cl  and  to  the  rod  end  of  c y l i n d e r   C2  u n t i l   the  r e s u l t i n g  

c l o c k w i s e   r o t a t i o n   of  the  boom  s u p p o r t   causes  c y l i n d e r   C2  to  again  r e a c h  

the  dead  c e n t e r   p o s i t i o n ,   where  the  cam  48  a c t u a t e s   swi tch   Sl  t o  

.cause   v a l v e   V3  to  move  back  to  i t s   o r i g i n a l   p o s i t i o n   t o   t h e r e b y  

r e v e r s e   the  f l u i d   flow  to  c y l i n d e r   C2.  

During  such  c lockwise   r o t a t i o n ,   the  f l u i d   in  the  head  end  of  c y l i n d e r  

Cl  d i s c h a r g e s   th rough   motion  c o n t r o l   valve  V6  and  check  va lve   K6  w i t h  

the  r a t e   of  f l u i d   d i s c h a r g e   being  c o n t r o l l e d   by  the  p r e s s u r e   on  the  r o d  

end  of  c y l i n d e r   Cl  through  the  l i n e   P6.  If  the  boom  is  be ing   swung  i n  

from  an  angle   such  t h a t   the  ' c y l i n d e r   C2  has  been  taken  p a s t   dead  c e n t e r ,  

as  i l l u s t r a t e d   in  F igure   4,  on  the  i n i t i a l   p o r t i o n   of  s u b s e q u e n t   c o u n t e r -  

c l ockwi se   mot ion ,   f l u i d   from  the  head  end  of  c y l i n d e r   C2  w i l l   be  d i s c h a r g e d  

through  motion  c o n t r o l   valve  V5,  check  valve  K5,  va lve   V3  and  valve  V l .  

Af te r   the  dead  c e n t e r   p o s i t i o n   of  c y l i n d e r   C2  has  been  pa s sed ,   t h e  



s h i f t i n g   of  valve  V3  a p p l i e s   f l u i d   p r e s s u r e   to  the  head  end  of   c y l i n d e r  

C2,  w i t h  t h e   d i s c h a r g e   from  the  rod  end  occu r ing   through  motion  c o n t r o l  

va lve   V7,  check  va lve   K7,  valve  V3  and  va lve   V1. 

The  above  d e s c r i p t i o n   r e l a t e s   to  movement  of  the  boom  c o u n t e r -  

c l o c k w i s e   to  the  s t a r b o a r d   p o s i t i o n s   Movement  of  the  boom  c lockwi se   t o  

the  p o r t   p o s i t i o n   is  a ccompl i shed   by  moving  the  valve  V1  to  the  l e f t  

p o s i t i o n ,   with  the  o the r   va lves   o p e r a t i n g   in  a  manner  ana lagous   to  t h a t  

d e s c r i b e d   above .  

When  valve  V1  is  in  the  c e n t e r   p o s i t i o n ,   the  head  and  rod  ends  of  b o t h  

c y l i n d e r s   are  connec t ed   to  the  r e t u r n   l i ne   to  the  supply  tank  T,  so  t h a t  

t h e r e   is  no  p r e s s u r e   on  p i l o t   l i n e s  P 4 ,   P5,  P6,  P7  of  the  motion  c o n t r o l  

v a l v e s .   The  motion  c o n t r o l   va lves   are  t h e r e f o r e   c losed ,   and,  i n  

c o n j u n c t i o n   with  the  check  va lves   in  the  supply   l i n e s ,   p r e v e n t   f l u i d  

from  d i s c h a r g i n g   from  e i t h e r   end  of  the  c y l i n d e r s .  

The re fo re   in  any  boom  p o s i t i o n ,   when  the  valve  V1  is  c e n t e r e d ,   t h e  

c y l i n d e r s  C l   and  C2  lock  the  boom  from  s w i n g i n g .  

However,  in  case  of  an  e x c e s s i v e   r o t a t i n g   force  a p p l i e d   to  the  boom 

s u p p o r t ,   such  as  by  a  high  v e l o c i t y   wind  gus t ,   the  h y d r a u l i c   s y s t e m  

a l lows  the  boom  suppo r t   to  swing  in  a  d i r e c t i o n   to  reduce  the  f o r c e .  

This  is  accompl ished  by  l i n e s   R4,  R5,  R6,  and  R7  which  connect   the  c y l i n d e r  

ends  to  a  r e l i e f   i n l e t   of  the  a s s o c i a t e d   motion  con t ro l   va lve .   An 

e x c e s s i v e   p r e s s u r e   at  the  r e l i e f   i n l e t   caused  by  an  e x c e s s i v e   p r e s s u r e  

in  one  end  of  the  a s s o c i a t e d   c y l i n d e r   causes  the  valve  to  open  to  r e d u c e  

the  p r e s s u r e ,   and  t he r eby   a l lowing   movement  of  the  c y l i n d e r   rod  and  t h e  

boom. 



R e f e r r i n g   to  F igure   9,  t h e r e   is  i l l u s t r a t e d   a  graph  showing  t h e  

torque  a p p l i e d   to  the  boom  at  v a r i o u s   boom  a n g l e s .   As  shown  in  t h e  

graph,  the  maximum  to rque   of  e i t h e r   c y l i n d e r   occurs   when  the  o t h e r  

c y l i n d e r   is  on  dead  c e n t e r   wi th   no  a v a i l a b l e   t o rque .   The  graph  a l s o  

shows  t h a t   the  c y l i n d e r   a r r a n g e m e n t   p r o v i d e s   maximum  t o t a l   t o rque   when 

the  boom  is  on  the  c e n t e r l i n e   of  the  s h i p .  

Th i s   a r r a n g e m e n t   is  d e s i r a b l e   for  the  f o l l o w i n g   r e a s o n .   A l t h o u g h  

a  wind  f o r c e  m a y   be  a p p l i e d   to  the  s a i l   in  any  boom  p o s i t i o n ,   i n c l u d i n g  

the  fore  and  a f t   p o s i t i o n ,   the  maximum  t u r n i n g   fo rce   a p p l i e d   to  the  boom 

from  g r a v i t y   and  i n e r t i a   f o r c e s   r e s u l t i n g   from  the  r o l l i n g   motion  of  t h e  

ship  occurs   when  the  boom  is  on  the  c e n t e r l i n e .   T h e r e f o r e   the  maximum 

combined  t u r n i n g   fo rce   a p p l i e d   to  the  boom  suppor t   from  combined  w ind  

force   and  ship   mot ion   occurs   when  the  boom  is  on  t h e  c e n t e r   l i n e ,   and  

the  c y l i n d e r   a r r a n g e m e n t   i l l u s t r a t e d A i n   F igure   1  p r o v i d e s   the  maximum 

amount  of  t o r q u e   at  t h i s   boom  p o s i t i o n .  

Al though  a  g r e a t e r   t o rque   could  be  a p p l i e d   to  the  boom  s u p p o r t   i n  

the  c e n t e r l i n e   p o s i t i o n   by  hav ing   both  c y l i n d e r s   p e r p e n d i c u l a r   to  t h e  

r a d i u s  w h e n   the  boom  is  on  the  c e n t e r l i n e   of  the  sh ip ,   such  an  a r r a n g e m e n t  

would  not  a l low  the  f u l l   9Q  r o t a t i o n  i n   each  d i r e c t i o n   due  to  i n t e r f e r e n c e  

between  the  c y l i n d e r   rods  and  the  boom  s u p p o r t ,   and  the  maximum  t o r q u e  

of  a  c y l i n d e r   would  not  occur  when  the  o the r   c y l i n d e r   is  in  the  d e a d  

cen te r   p o s i t i o n .  

Al though  in  the  i l l u s t r a t e d   embodiment  of  the  i n v e n t i o n   h y d r a u l i c  

c y l i n d e r s   are  u t i l i z e d   to  r o t a t e   the  boom  suppor t ,   i t   w i l l   be  u n d e r s t o o d  

tha t   in  some  a p p l i c a t i o n s   pneumat ic   c y l i n d e r s   or  mechan ica l   l i n e a r  

a c t u a t o r s   may  be  used,  p rov ided   tha t   mechan ica l   b rak ing   means  is  p r o v i d e d  

for  r e t a i n i n g   the  boom  in  the  d e s i r e d   o r i e n t a t i o n .  



Since  c e r t a i n   changes  a p p a r e n t   to  one  s k i l l e d   in  the  a r t   may  b e  

made  in  the  he re in   d e s c r i b e d   embodiments  of  the  i n v e n t i o n   w i t h o u t  

d e p a r t i n g   from  the  scope  t h e r e o f ,   i t   is  i n t e n d e d   t h a t   a l l   ma t t e r   c o n -  

t a i n e d   h e r e i n   be  i n t e r p r e t e d   in  an  i l l u s t r a t i v e   and  not  a  l i m i t i n g  

s e n s e .  



1.  A  s a i l   suppor t   a s sembly ,   compr i s ing   a  mast  mounted  onto  a  s u p p o r t ,  

a  boom  s u p p o r t   r o t a t a b l y   mounted  on  said  mast,   and  at  l e a s t   two 

f l u i d   a c t u a t e d   c y l i n d e r s   c o n n e c t e d   between  the  boom  s u p p o r t   and  t h e  

mast  s u p p o r t ,   sa id   c y l i n d e r s   be ing   so  a r ranged   t h a t   when  the  boom  s u p p o r t  

is  so  o r i e n t e d   t h a t   the  boom  is  on  the  c e n t e r l i n e   of  the  sh ip ,   the  r o d s  

of  the  c y l i n d e r s   are  p a r t i a l l y   e x t e n d e d ,   and  when  when  the  boom  suppor t   h a s  

been  r o t a t e d   so  t h a t   one  c y l i n d e r   is  on  dead  c e n t e r ,   the  o the r   c y l i n d e r  

i s  a c t i n g   at  i t s   maximum  r a d i u s   from  the  cen te r   of  r o t a t i o n   of  the  boom 

s u p p o r t .  

2.  A  s a i l   suppor t   assembly  as  se t   out  in  claim  1 ' i n   which  the  a x i s  

of  each  c y l i n d e r ,   when  the  boom  is  on  the  c e n t e r l i n e   of  the  sh ip ,   i s  

d i sposed   at  an  angle  of  between  about   110°  and  1 6 0 °  d e g r e e s   to  a  l i n e  

ex tend ing   between  the  c o n n e c t i o n   of  the  c y l i n d e r   to  the   boom  s u p p o r t  

and  the  c e n t e r   of  r o t a t i o n   of  the  boom  s u p p o r t .  

3.  In  a  s a i l   suppor t   a s sembly ,   compr is ing   a  mast  mounted  onto  a  

suppor t   and  a  boom  suppo r t   r o t a t a b l y   mounted  a b o u t  t h e   mast ,   t h e  

improvement  compr i s ing   f l u i d   p r e s s u r e   a c t u a t e d   c y l i n d e r s   connected   b e t w e e n  

the  boom  s u p p o r t   and  the  mast  s u p p o r t ,   said  c y l i n d e r s   being  so  a r r a n g e d  

t h a t   the  t o t a l   torque  a p p l i e d   to  the  boom  suppor t   by  the  c y l i n d e r s   i s  

g r e a t e s t   when  the  boom  is  on  the  c e n t e r l i n e   of  the  s h i p .  



4.  In  a  s a i l   suppor t   a s sembly ,   c o m p r i s i n g   a  mast  mounted  onto  a  

suppor t   and  a  boom  suppor t   r o t a t a b l y   mounted  in  r e l a t i o n   to  the  mast,   t h e  

improvement  compr i s ing   f l u i d   p r e s s u r e   a c t u a t e d   c y l i n d e r s   c o n n e c t e d  

between  the  boom  suppor t   and  the  mast   s u p p o r t ,   and  c o n t r o l   means  f o r  

a c t u a t i n g   said  c y l i n d e r s   by  f l u i d   p r e s s u r e ,   said  c o n t r o l   means  h a v i n g  

means  for  lock ing   the  f l u i d   in  s a id   c y l i n d e r s   when  they  are  not  a c t u a t e d  

to  r o t a t e   the  boom  suppor t   in  r e l a t i o n   to  the  mast  for  the reby   l o c k i n g  

the  boom  into.  a   s t a t i o n a r y   p o s i t i o n .  

5. A  mounting  s t r u c t u r e   for   a  s h i p s . m a s t ,   compr i s ing   a  p l a t f o r m ,   a  

mast  mounted  on  sa id   p l a t f o r m ,   means  mount ing  sa id   p l a t f o r m   on  the  s h i p s  

s t r u c t u r e   in  a  manner  s u c h  t h a t   the  p l a t f o r m   is  capab le   of  a  l i m i t e d  

amount  of  forward  movement  when  a  f o r c e   having  a  forward  component  i s  

a p p l i e d   to  the  mast ,   and  means  for   measu r ing   the  amount  of  sa id   f o r w a r d  

m o v e m e n t .  

6.  A  s t r u c t u r e   as  se t   out  in  c la im  5  in  which  a  r o t a t a b l e   boom 

suppor t   is  mounted  for  r o t a t i o n   in  r e l a t i o n   to  the  mast,   and  means  f o r  

r o t a t i n g   the  boom  suppor t   in  r e l a t i o n   to  the  mast,  sa id   means  a c t i n g  

between  the  p l a t f o r m  a n d   the  boom  s u p p o r t   whereby  f o r c e s   n e c e s s a r y   t o  

cause  r o t a t i o n   of  the  boom  or  to  m a i n t a i n   the  boom  in  a  d e s i r e d   p o s i t i o n  

do  not  cause  movement  of  the  p l a t f o r m   in  r e l a t i o n   t o  t h e   s h i p .  

7.  A  s t r u c t u r e   as  se t   out  in  c la im  6  in  which  sa id   means  for   r o t a t i n g  

the  boom comprises   h y d r a u l i c   c y l i n d e r s  c o n n e c t e d   between  the  boom  s u p p o r t  

and  the  p l a t f o r m .  

8.  A  s t r u c t u r e   as  set   out  in  c la im  7  in  which  sa id   c y l i n d e r s   are  s o  

o r i e n t e d   tha t   the  t o t a l   to rque   a p p l i e d   by  the  c y l i n d e r s   to  the  boom 

suppor t   is  g r e a t e s t   when  the  boom  is  in  the  fore  and  a f t   p o s i t i o n .  



9.  A  mount ing  s t r u c t u r e   for  a  sh ips   mast,   compr i s ing   a  p l a t f o r m  

c a r r y i n g   a  mast ,   sa id   p l a t f o r m   having   suppor t   p o r t i o n s   e x t e n d i n g   l a t e r a l l y  

on  each  s ide  of  the  mast  and  a n o t h e r   suppor t   p o r t i o n   e x t e n d i n g   in  a  f o r e  

and  a f t   d i r e c t i o n   in  r e l a t i o n   to  the  mast,   said  l a t e r a l l y   e x t e n d i n g  

p o r t i o n s   be ing   s ecu red   to  the  ship  by  pylons   which  are  s u f f i c i e n t l y  

f l e x i b l e   to  a l low  a  small   amount  of  forward  movement  of  sa id   p l a t f o r m   i n  

r e l a t i o n   to  the  ship  when  a  f o r c e ' h a v i n g   a  forward  component  is  a p p l i e d  

to  the  mast,   s a id   o the r   s u p p o r t   p o r t i o n   having  a  r e t a i n i n g   pin  d i s p o s e d  

in  an  a p e r t u r e   in  a  r e t a i n i n g   p l a t e   a t t a c h e d   to  the  sh ip   so  as  to  p e r m i t  

only  fore   and  a f t   movement  of  the  s u p p o r t ,   and  means  measur ing   t h e  

amount  of  forward   movement  of  sa id   p l a t f o r m   in  r e l a t i o n   to  the  s h i p .  
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