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Wind-propelled  craft. 
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A  wind-propelled  craft  is  disclosed  which  comprises  a 
hull  (1)  supporting  a  pair  of  unstayed  masts  (43  and  44)  ar- 
ranged  to  pivot  about  an  axis  lying  in  an  approximately  horizon- 
tal  plane  between  a  first  position,  in  which  one  mast  (43  or  44) 
extends  substantially  vertically  and  the  other  (44  or  43)  ex- 
tends  generally  at  right-angles  thereto  away  from  the  hull  (1), 
and  a  second  position,  in  which  the  relative  configuration  of 
the  masts  (43  and  44)  is  reversed.  Each  mast  (43,44)  has  a  sail 
(41,  42)  attached  thereto;  whereby,  in  use,  one  sail  can  be 
trimmed  to  the  wind  to  provide  forward  propulsion,  while  the 
other  sail  simultaneously  provides  upward  lift  tending  to  coun- 
teract  rolling  or  heeling  force  applied  to  the  hull  (1)  by  wind  im- 
pinging  on  the  first  sail.  A  steering  control  system  is  also  de- 
scribed  in  which  a  steering  link  passes  from  a  control  point 
through  the  region  of  the  pivot  point  of  a  mast  to  a  rudder  (2). 



T h i s   i n v e n t i o n   r e l a t e s   to  a  w i n d - p r o p e l l e d   c r a f t  

of  t h e   k i n d   in  w h i c h   t h e   mas t   i s   u n s t a y e d   and  s u p p o r t e d  

by  t h e   c r e w .   W a t e r - c r a f t   of  t h i s   k i n d   a r e   commonly   t e r m e d  

" s a i l b o a r d s "   and  t h e   p r e s e n t   i n v e n t i o n   w i l l   be  p a r t i c u l a r l y  

d e s c r i b e d   in  i t s   a p p l i c a t i o n   to  s a i l b o a r d s   of  i m p r o v e d  

p e r f o r m a n c e .  

In  t h i s   s p e c i f i c a t i o n   t h e r e   w i l l   be  many  r e f e r e n c e s  

to  s a i l b o a r d s   and  a t t e n t i o n   i s   d i r e c t e d   to   B r i t i s h   P a t e n t s  

Nos  1 , 5 5 1 , 4 2 6   and  1 , 2 5 8 , 3 1 7   f o r   b a c k g r o u n d   i n f o r m a t i o n   o n  

t h e   c o n s t r u c t i o n   of  c o n v e n t i o n a l   s a i l b o a r d s .  

The  maximum  s p e e d   of  a  c r a f t   can  be  i n c r e a s e d   o n l y  

by  i n c r e a s i n g   t h e   p r o p u l s i v e   f o r c e   a c t i n g   on  i t   a n d / o r  

r e d u c i n g   t h e   r e s i s t a n c e   to  f o r w a r d   m o t i o n   w h i c h   i t  

e x p e r i e n c e s .   The  c o n v e n t i o n a l   s a i l b o a r d   c o n f i g u r a t i o n  

has   i n h e r e n t   l i m i t a t i o n s   w h i c h   make  s i g n i f i c a n t   i m p r o v e m e n t  

of  e i t h e r   of  t h e s e   a s p e c t s   i m p o s s i b l e .   The  p r e s e n t   i n v e n -  

t i o n   i s   d i r e c t e d   to   t h e   a t t a i n m e n t   of  h i g h e r   m a x i m u m  

s p e e d s   by  a v o i d i n g   ( o r   r e d u c i n g   t h e   e f f e c t   o f )   t h e s e  



l i m i t a t i o n s .  

In  c o n v e n t i o n a l   s a i l b o a r d s   t r a v e l l i n g   a t   h i g h  

s p e e d ,   t h e   c r a f t   i s   s u b j e c t e d   to   a  l a r g e   h e a d w i n d  

c o m p o n e n t   w h i c h   means   t h a t   t h e   s a i l   mus t   be  t r i m m e d   c l o s e  

to  t h e   l o n g i t u d i n a l   a x i s   of  t h e   b o a r d .   C o n s e q u e n t l y ,   o n l y  

a  r e l a t i v e l y   s m a l l   ( p r o p u l s i v e )   c o m p o n e n t   of   t h e   t o t a l  

s a i l   f o r c e   a c t s   f o r w a r d ,   and  a  much  l a r g e r   c o m p o n e n t   a c t s  

a c r o s s   t h e   b o a r d ,   t e n d i n g   to   r o l l   i t   o v e r .   Wi th   a  

c o n v e n t i o n a l   s a i l b o a r d   t h e   r o l l i n g   moment  of  t h e   s a i l  

f o r c e   can  o n l y   be  c o u n t e r - b a l a n c e d   by  t h e   c rew  u s i n g   h i s  

w e i g h t   by  l e a n i n g   b a c k w a r d s   ( t o   w i n d w a r d ) .   T h i s   s e t s   a n  

a b s o l u t e   l i m i t   to  t h e   r o l l i n g   moment   w h i c h   can  be  b a l a n c e d  

s i n c e   t h e   w e i g h t   of  a  g i v e n   c r e w   i s   f i x e d ,   as  i s  t h e  m a x i m u m  

moment  arm  on  w h i c h   i t   can  a c t .   C o n s e q u e n t l y , f o r   a n y  

g i v e n   s e t   of  c o n d i t i o n s , t h e   maximum  p r o p u l s i v e   f o r c e  

a t t a i n a b l e   i s   a l s o   l i m i t e d   by  t h i s   f a c t o r .  

F u r t h e r m o r e ,   as  t h e   l i m i t   i s   a p p r o a c h e d ,   t h e  

p r o p o r t i o n   of  t h e   s a i l   f o r c e   d i r e c t e d   f o r w a r d   i s   r e d u c e d  

s i n c e   t h e   s a i l   f o r c e   v e c t o r   i s   t i l t e d   u p w a r d s .   T h i s  

f o l l o w s   f rom  t h e   f a c t   t h a t   t h e   c r e w ' s   a r m s ,   o n c e   s t r a i g h t ,  

a r e   v i r t u a l l y   i n e x t e n s i b l e   and  so  i t   b e c o m e s   i m p o s s i b l e  

to  l e a n   any  f u r t h e r   to  w i n d w a r d   w i t h o u t   a l s o   p u l l i n g   t h e  

s a i l   to   w i n d w a r d .   For   s m a l l   a n g l e s   of  t i l t   t h e   r e d u c t i o n  

of   p r o p u l s i v e   c o m p o n e n t   i s   n e g l i g i b l e   and  t h e   v e r t i c a l  

( l i f t )   c o m p o n e n t   has   t h e   b e n e f i c i a l   e f f e c t   of   r e d u c i n g  

d i s p l a c e m e n t   and  c o n s e q u e n t l y   a l s o   r e d u c i n g   t h e  

h y d r o d y n a m i c   r e s i s t a n c e   to  m o t i o n .   N e v e r t h e l e s s ,   f o r  

c o n v e n t i o n a l   s a i l b o a r d s ,   t h i s   e f f e c t   i s   soon   o u t w e i g h e d  



by  t h e   r e d u c t i o n   of  t h e   p r o p u l s i v e   c o m p o n e n t   and  by  t h e  

t i m e   t h e   s a i l   i s   t i l t e d   to  450  t h e   l o s s   i s   a p p r o x i m a t e l y  

30%.  ( I n   t h e   u l t i m a t e   c a s e ,   w i t h   t h e   s a i l   h o r i z o n t a l ,   i t  

w o u l d   g e n e r a t e   l i f t   and  d r a g ,   bu t   no  p r o p u l s i v e   c o m p o n e n t ) .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s  

p r o v i d e d   a  w i n d - p r o p e l l e d   c r a f t   w h i c h   c o m p r i s e s   a  h u l l  

s u p p o r t i n g   a  p a i r   of  u n s t a y e d   m a s t s   a r r a n g e d   to  p i v o t  

a b o u t   an  a x i s   l y i n g   in  an  a p p r o x i m a t e l y   h o r i z o n t a l   p l a n e  

b e t w e e n   a  f i r s t   p o s i t i o n ,   in  w h i c h   one  mas t   e x t e n d s  

s u b s t a n t i a l l y   v e r t i c a l l y   and  t h e   o t h e r   e x t e n d s   g e n e r a l l y  

at  r i g h t - a n g l e s   t h e r e t o   away  f rom  t h e   h u l l ,   and  a  s e c o n d  

p o s i t i o n ,   in  w h i c h   t h e   r e l a t i v e   c o n f i g u r a t i o n   of  t h e   m a s t s  

i s   r e v e r s e d ,   e a c h   m a s t ,   in  u s e ,   h a v i n g   a  s a i l   a t t a c h e d  

t h e r e t o   or  i n c o r p o r a t i n g   an  a e r o f o i l   so  t h a t   one  s a i l  o r  

a e r o f o i l   can  be  t r i m m e d   to  t h e   w i n d   to  p r o v i d e   f o r w a r d  

p r o p u l s i o n   w h i l e   t h e   o t h e r   s a i l  o r   a e r o f o i l   s i m u l t a n e -  

o u s l y   p r o v i d e s   u p w a r d   l i f t   t e n d i n g   to  c o u n t e r a c t   t h e  

r o l l i n g   or  h e e l i n g   f o r c e   a p p l i e d   to  t h e   h u l l   by  w i n d  

i m p i n g i n g   on  t h e   f i r s t   s a i l  o r   a e r o f o i l .  

The  p r i n c i p l e   of  t h e   p r e s e n t   i n v e n t i o n   i s   s h o w n  

in  F i g u r e   1  of  t h e   a c c o m p a n y i n g   d r a w i n g s   ( w h i c h   i s   a  

d i a g r a m m a t i c   e l e v a t i o n   of  a  c r a f t   i n . a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n )   f rom  w h i c h   i t   can  be  s e e n   t h a t   a  s a i l -  

b o a r d   i s   p r o v i d e d   w i t h   a  s e c o n d   s a i l ,   of   s i m i l a r   s i z e  

and  c h a r a c t e r i s t i c s   to  t h e   f i r s t ,   t h e   s e c o n d   s a i l   b e i n g  

a r r a n g e d   a p p r o x i m a t e l y   at  r i g h t - a n g l e s   and  to   l e e w a r d   o f  

t h e   f i r s t   s a i l .   Thus   the   s e c o n d   s a i l   i s   a p p r o x i m a t e l y  

h o r i z o n t a l   and  can  be  s e t   to   g e n e r a t e   a  v e r t i c a l   ( l i f t )  



f o r c e   of  t h e   same  o r d e r   as  t h e   c r o s s - w i n d   f o r c e   g e n e r a t e d  

by  t h e   f i r s t   ( v e r t i c a l )   s a i l .  

The  f o r c e s   and  d i s t a n c e s   r e p r e s e n t e d   in  F i g u r e   1 

a r e   as  f o l l o w s :  

F o r c e s :  

S  =  L a t e r a l   c o m p o n e n t   of  f o r c e   g e n e r a t e d   b y  

v e r t i c a l   s a i l   V 

L =   V e r t i c a l   c o m p o n e n t   of  f o r c e   g e n e r a t e d   b y  

h o r i z o n t a l   s a i l   H 

D  =  S i d e   f o r c e   g e n e r a t e d   by  D a g g e r   b o a r d  

W  =  C o m b i n e d   w e i g h t   of  c rew  and  s a i l b o a r d  

B  =  B u o y a n c y   f o r c e   ( = W - L )  

D i s t a n c e s :  

h  =  Moment  arm  of  S  ( = h e i g h t   of   C e n t r e   of  P r e s s u r e  

of   v e r t i c a l   s a i l   a b o v e   C e n t r e   of  P r e s s u r e   o f  

D a g g e r   b o a r d )   f 

x  =  Moment  of   arm  of  L  ( = L a t e r a l   d i s t a n c e   of   C e n t r e  

of   P r e s s u r e   of  h o r i z o n t a l   s a i l   f r om  l o n g i t u -  

d i n a l   a x i s   of  s a i l b o a r d )  

d  =  Moment  of  arm  of  W  ( = L a t e r a l   d i s t a n c e   of  C e n t r e  

of  G r a v i t y   f rom  l o n g i t u d i n a l   a x i s   of  s a i l b o a r d ) .  

The  a r r a n g e m e n t   shown  in  F i g u r e   1  has   t h r e e   f u n d a m e n t a l  

a d v a n t a g e s :  

1)  The  r o l l i n g   moment   hS  of   t h e   f i r s t   s a i l   f o r c e   c a n  

be  b a l a n c e d   by  t h e   o p p o s i n g   moment   xL  of  t h e   l i f t   f o r c e  

p l u s   t h e   w e i g h t   moment   dW.  T h i s   e n a b l e s   l a r g e r   s a i l   f o r c e s  

to   be  u t i l i s e d   t h a n   c o u l d   be  b a l a n c e d   by  t h e   c r e w ' s   w e i g h t  

a l o n e   and  so  l a r g e r   p r o p u l s i v e   f o r c e s   a r e   a t t a i n a b l e .  



( F u r t h e r m o r e ,   any  c h a n g e s   in  t h e   s a i l   c r o s s - w i n d   f o r c e  

moment   due  to  c h a n g e   of  w ind   s p e e d   a r e   a u t o m a t i c a l l y  

c o m p e n s a t e d   by  a  s i m i l a r   c h a n g e   in  t h e   l i f t   f o r c e   m o m e n t ) .  

2)  U n l i k e   c o n v e n t i o n a l   s a i l b o a r d s   t h e r e   i s   no  n e e d   t o  

t i l t   t h e   r i g   as  t h e   s a i l   f o r c e   i n c r e a s e s .   C o n s e q u e n t l y ,  

t h e r e   i s   no  r e d u c t i o n   of  t h e   p r o p u l s i v e   c o m p o n e n t   f o r  

t h i s   r e a s o n .  

3)  The  l i f t   f o r c e   r e d u c e s   d i s p l a c e m e n t   and  h e n c e  

r e d u c e s   t h e   h y d r o d y n a m i c   r e s i s t a n c e   to  f o w a r d   m o t i o n .  

A l t h o u g h   when  m a k i n g   t he   c o m p a r i s o n   t h e   w e i g h t   and  d r a g  

of  t h e   h o r i z o n t a l   s a i l   mus t   be  t a k e n   i n t o   a c c o u n t ,   a  n e t  

r e d u c t i o n   in  t o t a l   r e s i s t a n c e   i s   to   be  e x p e c t e d   as ,   i n  

t h i s   c o n t e x t ,   a e r o d y n a m i c   s u p p o r t   s h o u l d   be  more   e f f i c i e n t  

t h a n   h y d r o d y n a m i c   s u p p o r t .   ( A l t h o u g h   a e r o d y n a m i c   a n d  

h y d r o d y n a m i c   s u p p o r t   e f f i c i e n c i e s   may  be  s i m i l a r   when  t h e  

b o d i e s   u n d e r   c o n s i d e r a t i o n   a r e   f u l l y   i m m e r s e d   in  t h e i r  

r e s p e c t i v e   f l u i d s ,   at   t h e   a i r / w a t e r   i n t e r f a c e   t h e   h y d r o -  

d y n a m i c   s u p p o r t   e f f i c i e n c y   i s   r e d u c e d   by  e n e r g y   l o s s e s  

i n c u r r e d   by  wave  and  s p r a y   f o r m a t i o n ,   w h e r e a s   a e r o d y n a m i c  

e f f i c i e n c y   i s   i n c r e a s e d   by  t h e   " G r o u n d   E f f e c t " ) .  

F u r t h e r m o r e   t h i s   l i f t   e f f e c t   i s   much  g r e a t e r   t h a n  

t h a t   c a u s e d   by  t i l t i n g   a  c o n v e n t i o n a l   s a i l b o a r d   r i g   a s :  

F i r s t l y ,   t h e   s a i l   f o r c e s   w i l l   g e n e r a l l y   be  g r e a t e r  

t h a n   t h o s e   f o r   c o n v e n t i o n a l   s a i l b o a r d s ,   f o r  

r e a s o n s   n o t e d   a b o v e .  

S e c o n d l y ,   t h e   l i f t   f o r c e   i s   of  t h e   same  o r d e r  

as  t h e   c r o s s - w i n d   f o r c e   g e n e r a t e d   by  t h e   v e r t i c a l  

s a i l ,   and  is   n o t   m e r e l y   some  s m a l l   p r o p o r t i o n   o f  



i t .  

H e n c e   t h e   p r o p o s e d   c o n f i g u r a t i o n   o f f e r s   h i g h e r  

p r o p u l s i v e   f o r c e s   and  l o w e r   r e s i s t a n c e   to  f o r w a r d   m o t i o n  

t h a n   t h a t   of   c o n v e n t i o n a l   s a i l b o a r d s .  

The  g e n e r a l   a r r a n g e m e n t   of  one  e m b o d i m e n t   i n  

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   i s   shown  in  F i g u r e   4 .  

T h u s ,   F i g u r e   4  shows   a  s a i l b o a r d   w h i c h   u t i l i s e s  

c o n v e n t i o n a l   s a i l b o a r d   s a i l s .   In  t h i s   c a s e ,   t h e   l e a d i n g  

edge   ( l u f f )   of  e a c h   s a i l   i n c o r p o r a t e s   a  l u f f   s l e e v e   t o  

a c c o m m o d a t e   i t s   m a s t .   The  a f t   c o r n e r   ( c l e w )   of  e a c h  

s a i l   may  be  h e l d   in  p o s i t i o n   by  a t t a c h m e n t   to  t h e   a f t  

end  of  a  boom,  t h e   f o r w a r d   end  of  w h i c h   i s   s e c u r e d   t o  

i t s   r e s p e c t i v e   m a s t .   Each  boom  i s   l o c a t e d   a d j a c e n t   t o  

t h e   s i d e   of  i t s   r e s p e c t i v e   s a i l   w h i c h   i s   r e m o t e   f rom  t h e  

o t h e r   s a i l .   The  f e e t   of  t h e   two  m a s t s   a r e   a t t a c h e d   t o  

t h e   u p p e r   p a r t   of  a  u n i v e r s a l   j o i n t ,   t h e   l o w e r   p a r t   o f  

w h i c h   i s   s e c u r e d   to   t h e   h u l l   of   t h e   s a i l b o a r d .   T h e  

r e l a t i v e   p o s i t i o n s   of  t h e   two  s a i l s   ( a n d   m a s t s   anc  b o o m s )  

a r e   m a i n t a i n e d   by  two  c r o s s   s t r u t s   w h i c h   l i n k   t h e   f o r w a r d  

and   a f t   e n d s   of  t h e   b o o m s .   The  r e c t a n g u l a r   l a t e r a l   f r a m e  

f o r m e d   by  t h e   two  booms  and  two  c r o s s   s t r u t s   i s   p r e f e r a b l y  

s t a b i l i s e d   by  c a b l e s   in   t e n s i o n   w h i c h   l i n k   i t s   d i a g o n a l l y  

o p p o s i t e   c o r n e r s .  

For   t h e   a e r o d y n a m i c   r o l l i n g   m o m e n t s   of   t h e   t w o  

s a i l s   to  be  o p p o s e d   t h e   h o r i z o n t a l   s a i l   mus t   a l w a y s   b e  

to  l e e w a r d   and  so  t h e   s a i l s   mus t   e x c h a n g e   f u n c t i o n s   w h e n  

t h e   s a i l b o a r d   t a c k s .   T h i s   i s   shown  d i a g r a m m a t i c a l l y   i n  



F i g u r e   2,  in  w h i c h   t he   p o r t   s a i l   i s   i n d i c a t e d   by  ' P '  

and  t h e   s t a r b o a r d   s a i l   b y  ' S ' .   The  r i g   mus t   t h e r e f o r e  

be  c o n s t r u c t e d   to  m a i n t a i n   an  a n g l e   of  ( a p p r o x i m a t e l y )  

900  b e t w e e n   t h e   p l a n e s   of  t h e   two  s a i l s   and  mus t   b e  

a t t a c h e d   to  t he   b o a r d   by  a  j o i n t   w h i c h   p e r m i t s   i t   t o  

be  r o l l e d   t h r o u g h   900  when  t a c k i n g .  

The  i n c i d e n c e   of  t h e   v e r t i c a l   s a i l   w i l l   b e  

c o n t r o l l e d   by  t h e   r o t a t i o n   of  t h e   r i g   in  yaw,  a b o u t  

t h e   v e r t i c a l   a x i s   t h r o u g h   t h e   u n i v e r s a l   j o i n t ,   as  w i t h  

c o n v e n t i o n a l   s a i l b o a r d s .   C o n t r o l   of  t h e   i n c i d e n c e   o f  

t h e   h o r i z o n t a l   s a i l   w i l l   n e c e s s i t a t e   t i l t i n g   t h e   r i g  

a b o u t   a  h o r i z o n t a l   a x i s .   C o n s e q u e n t l y ,   t h i s   m o t i o n   w i l l  

not   be  a v a i l a b l e   f o r   s t e e r i n g   by  m o v e m e n t   of  t h e   c e n t r e  

of  p r e s s u r e   of  t he   v e r t i c a l   s a i l ,   as  w i t h   c o n v e n t i o n a l  

s a i l b o a r d s .   I t   is   t h e r e f o r e   p r e f e r r e d   to  p r o v i d e   a  

w a t e r   r u d d e r ,   l o c a t e d   at  or   n e a r   t h e   s t e r n   of  t h e   b o a r d . '  

A  p r e f e r r e d   s t e e r i n g   m e c h a n i s m ,   w h i c h   may  a l s o   be  u s e d  

a d v a n t a g e o u s l y   in  c o n v e n t i o n a l   s a i l b o a r d s , w i l l   b e  

d e s c r i b e d   l a t e r .   T h e r e   is   a l s o   d e s c r i b e d   s u b s e q u e n t l y  

h e r e i n ,   an  o t h e r w i s e   c o n v e n t i o n a l   s a i l b o a r d   h a v i n g   a  

s i m p l i f i e d   s t e e r i n g   c o n t r o l   m e c h a n i s m   l i n k e d   to  a  w a t e r  

r u d d e r   w h i c h   i s   p r i m a r i l y   i n t e n d e d   to  i m p r o v e   s t e e r i n g  

p e r f o r m a n c e   d u r i n g   m a j o r   m a n o e u v r e s   s u c h   as  t a c k i n g .  

The  hul l   may  be  of  a  form  and  c o n s t r u c t i o n   g e n e r a l l y  

s i m i l a r   to  s a i l b o a r d s ,   and  i n c o r p o r a t e   a  s i m i l a r   d a g g e r  

b o a r d   or  c e n t r e b o a r d .   H o w e v e r ,   l i g h t   d i s p l a c e m e n t   h u l l s  

s i m i l a r   to  p l a n i n g   s a i l i n g   d i n g h y   h u l l s   may  a l s o   b e  

s u i t a b l e ,   as  w e l l   as  m u l t i - h u l l s ,   s u c h   as  c a t a m a r a n s  a n d  



t r i m a r a n s .   H u l l s   w h i c h   a r e   d e s i g n e d   s p e c i f i c a l l y   t o  

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

i n t e g r a l   p a r t s   of  t h e i r   s t r u c t u r e , h o u s i n g s   to   a c c o m m o -  

d a t e   t h e   a p p r o p r i a t e   u n i v e r s a l   j o i n t   and  r u d d e r   m o u n t i n g  

a s s e m b l i e s .   N e v e r t h e l e s s ,   i t   w i l l   a l s o   be  f e a s i b l e   t o  

a p p l y   t h e   p r e s e n t   i n v e n t i o n   to  mos t   e x i s t i n g   s a i l b o a r d  

h u l l s ,   and  m o d i f i c a t i o n   k i t s ,   i n c l u d i n g   a  l i n k e d   m a s t  

s t r u c t u r e   as  shown  in  F i g u r e   4,  may  be  s u p p l i e d   t o  

c o n v e r t   c o n v e n t i o n a l   s a i l b o a r d s   to  c r a f t   in  a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n .  

A l t h o u g h   t h e   a r r a n g e m e n t   w h i c h   i s   c u r r e n t i y  

p r e f e r r e d   i n v o l v e s   one  l i n k e d ,   t w i n   m a s t   or   a e r o f o i l  

s t r u c t u r e   w h i c h   can  be  o p e r a t e d   by  a  s i n g l e   c rew  m e m b e r ,  

t h e   i n v e n t i o n   a l s o   e n v i s a g e s   t h e   b r o a d   c o n c e p t   o f  

p r o v i d i n g   a  s e c o n d   l i n k e d ,   t w i n   mas t   or   a e r o f o i l  

s t r u c t u r e   w h i c h   i s   i n d e p e n d e n t   of  t h e   f i r s t   s t r u c t u r e .  

The  s e c o n d   s t r u c t u r e   w o u l d   be  c o n t r o l l e d   by  a  s e c o n d  

c r ew   member   and  s t e e r i n g   m i g h t   be  t h e   r e s p o n s i b i l i t y   o f  

a  t h i r d   c rew  m e m b e r .  

The  b a s i c   g e o m e t r y   of  t h e   r i g   i s   i l l u s t r a t e d   i n  

F i g u r e   3 .  

The  r i g   u t i l i s e s   two  s a i l s ,   of   s i m i l a r   s i z e ,  

s h a p e   c o n s t r u c t i o n   and  c h a r a c t e r i s t i c s   and  i s   s y m m e t r i c a l .  

The  p l a n e s   of  t h e   s a i l s   (KLYX,  MNYX)  c o n v e r g e   and  t h e i r  

l i n e   of  i n t e r s e c t i o n   XY  t h e r e f o r e   l i e s   in  t h e   p l a n e   o f  

s y m m e t r y   P Q R S . ( t h e   s a i l   in  p l a n e   MNYX  i s   o m i t t e d   f o r  

c l a r i t y ) .   The  p l a n e s   of  t h e   s a i l s   a r e   e a c h   d i s p l a c e d  

( i n   r o t a t i o n   a b o u t   t h e i r   l i n e   of  i n t e r s e c t i o n )   by  e q u a l  



but   o p p o s i t e   a n g l e s  Φ   of  a p p r o x i m a t e l y   45°  f rom  t h e  

p l a n e   of  s y m m e t r y .  

A l t h o u g h   in  t h e o r y   t h e   r i g   w o u l d   be  m o r e  

e f f i c i e n t   w i t h   an  a n g l e   of  90°  b e t w e e n   t h e   p l a n e s   o f  

t h e   s a i l s ,   in  p r a c t i c e   i t   may  be  d e s i r a b l e   to   r e d u c e  

t h i s   a n g l e   s l i g h t l y ,   p e r h a p s   8 0 0  -   8 5   to  e n s u r e  

a d e q u a t e   wave  c l e a r a n c e   f o r   t h e   l o w e r   s a i l .  

A l t h o u g h   t h e r e   is   a l s o   t h e   a l t e r n a t i v e   o f  

r e t a i n i n g   t h e   90°  a n g l e ,   and  p r o v i d i n g   wave  c l e a r a n c e  

by  t i l t i n g   t he   r i g   w i n d w a r d ,   t h i s   s e e m s   l i k e l y   to  b e  

l e s s   c o n v e n i e n t   f o r   t h e   c r e w .   N e v e r t h e l e s s ,   t h i s  

p o s s i b i l i t y   mus t   no t   be  e x c l u d e d , a n d   so  t he   a n g l e  

b e t w e e n   t h e   p l a n e s   of  t h e   s a i l s   c a n n o t   be  s p e c i f i e d  

e x a c t l y ,   s i n c e   t h e r e   is   a  r a n g e   of  p o t e n t i a l   f e a s i b l e  

v a l u e s .  

The  l o w e r   p a r t   of  t h e   r i g   i s   c o n n e c t e d   to  t h e  

u p p e r   p a r t   of  a  j o i n t ,   t h e   l o w e r   p a r t   of  w h i c h   i s  

c o n n e c t e d   to  t h e   h u l l   of  t h e   s a i l b o a r d .   The  j o i n t   i s  

p r e f e r a b l y   u n i v e r s a l   and  p e r m i t s   r o t a t i o n   of  t h e   r i g  

a b o u t   t h r e e   m u t u a l l y   p e r p e n d i c u l a r   a x e s .  

One  of  t h e s e   a x e s   AA  i s   p a r a l l e l   to  t h e   l i n e  

of  i n t e r s e c t i o n   XY  and  l i e s   in  t h e   p l a n e   of  s y m m e t r y  

of  t h e   r i g .   R o t a t i o n   of  t h e   r i g   a b o u t   t h i s   a x i s   e n a b l e s  

t h e   p l a n e   of  one  s a i l   to  be  r a i s e d   to   a  v e r t i a l   p o s i t i o n  

as  t h e   p l a n e   of  t h e   o t h e r   s a i l   a s s u m e s   a  n e a r   h o r i z o n t a l  

p o s i t i o n ,   and  v i c e   v e r s a .   The  t o t a l   r a n g e   of  r o t a t i o n  

a v a i l a b l e   a b o u t   t h i s   a x i s   s h o u l d   be  e q u a l   to,  or  e x c e e d , t h e  



a n g l e   b e t w e e n   t h e   p l a n e s   of  t h e   two  s a i l s .  

A  s e c o n d   a x i s   BB  i s   p e r p e n d i c u l a r   to   t h e   p l a n e  

of  s y m m e t r y   of  t h e   r i g .   The  t o t a l   r a n g e   of  r o t a t i o n  

a v a i l a b l e   a b o u t   t h i s   a x i s   s h o u l d   at  l e a s t   e q u a l   t h e  

r a n g e   of   i n c i d e n c e   w h i c h   e i t h e r   s a i l   may  be  r e q u i r e d  

to   a d o p t   when  t h e   o t h e r   s a i l   i s   v e r t i c a l ,   b u t   p r e f e r a b l y  

s h o u l d   a p p r o a c h   1 8 0  .  

The  t h i r d   a x i s   CC  i s   at   r i g h t - a n g l e s   to  t h e  

f i r s t   (AA),  and  a l s o   l i e s   in  t h e   p l a n e   of  s y m m e t r y   o f  

t h e   r i g .   P r e f e r a b l y ,  i t   s h o u l d   a l s o   be  p e r p e n d i c u l a r  

to   t h e   w a t e r l i n e   p l a n e   of   t h e   s a i l b o a r d   h u l l .   A l t h o u g h  

i t   w o u l d   be  p o s s i b l e   to  o p e r a t e   a  r i g   f o r   w h i c h   t h e  

a v a i l a b l e   r o t a t i o n   a b o u t   t h i s   a x i s   was  l e s s   t h a n   3 6 0 ° ,  

s u c h   a  c o n s t r a i n t   w o u l d   be  i n c o n v e n i e n t ,   and  in  s o m e  

c i r c u m s t a n c e s ,   d a n g e r o u s .   I t   i s   t h e r e f o r e   a d v i s a b l e  

t h a t   r o t a t i o n   a b o u t   t h i s   a x i s   s h o u l d   be  u n l i m i t e d ,   in   , 

b o t h   d i r e c t i o n s .  

The  d i s p o s i t i o n   of   t h e   s a i l s   s h o u l d   be  s u c h  

t h a t ,   in   n o r m a l   o p e r a t i o n ,   t h e i r   r e s p e c t i v e   C e n t r e s   o f  

P r e s s u r e   s h o u l d   r e m a i n   s l i g h t l y   down  w i n d   of  t h e   r e f e r e n c e  

p l a n e   w h i c h   c o n t a i n s   t h e   s e c o n d   and  t h i r d   a x e s ,   BB  a n d  

CC.  T h i s   e n s u r e s   t h a t   t h e   a c t i o n   of   t h e   c r o s s - w i n d  

f o r c e s   of  t h e   s a i l s   t e n d s   to   r e d u c e   t h e i r   r e s p e c t i v e  

i n c i d e n c e s   (by  " w e a t h e r - c o c k i n g " )   t h u s   o f f s e t t i n g   t h e  

d e s t a b i l i s i n g   e f f e c t s   of  t h e   d r a g   m o m e n t s   of  t h e   s a i l s .  

T h i s   f e a t u r e   i s   h i g h l y   d e s i r a b l e .  

The  r i g   w i l l   i n c o r p o r a t e   s u i t a b l e   s t r u c t u r a l  



p r o v i s i o n   f o r   t h e   c rew  to  g r a s p   i t   f rom  e i t h e r   s i d e   a n d  

f rom  t h e   u p w i n d   end ,   in  o r d e r   to   s u p p o r t   and  c o n t r o l   i t .  

S a i l   O r i e n t a t i o n  

" O r i e n t a t i o n "   r e f e r s   to  t h e   p o s i t i o n i n g   of  t h e  

s a i l   p l a n f o r m s   ( w i t h i n   t h e i r   p l a n e s )   in  r e l a t i o n   to  t h e  

a x e s   a b o u t   w h i c h   t h e y   a r e   r o t a t e d   to  v a r y   t h e i r   i n c i d e n c e s :  

The  ma in   f a c t   d e t e r m i n i n g   s a i l   o r i e n t a t i o n   i s  

t h e   s t a b i l i t y   r e q u i r e m e n t   f o r   t h e   C e n t r e s   of  P r e s s u r e   o f  

t he   s a i l s   in  n o r m a l   o p e r a t i o n   to   r e m a i n   a t   l e a s t   s l i g h t l y  

down  w i n d   of  t h e   r e s p e c t i v e   a x e s   a b o u t   w h i c h   t h e y   a r e  

r o t a t e d   to  v a r y   i n c i d e n c e .   In  t h i s   c o n t e x t   " n o r m a l  

o p e r a t i o n "   r e f e r s   to  p o i n t s   of  s a i l   w h e r e   t h e   w i n d  

d i r e c t i o n   i s   b r o a d l y   p a r a l l e l   to  t h e   p l a n e   of  t h e  

v e r t i c a l   s a i l   and  i n c i d e n c e   i s   no t   more   t h a n   a b o u t   2 5 ° .  

T h i s   s t a b i l i t y   r e q u i r e m e n t   can  be  met  b y  

a r r a n g i n g   s a i l   o r i e n t a t i o n   so  t h a t   w i t h   b o t h   s a i l s   a t  

z e r o   i n c i d e n c e   t h e   r e l e v a n t   a x e s   of  r o t a t i o n   may  i n t e r -  

s e c t   t h e   mean  c h o r d s   of  t h e   s a i l s   at  p o i n t s   no  more   t h a n  

30%  a f t   of  t h e   l e a d i n g   e d g e s   of  t h e   mean  c h o r d s .   ( I n  

"normal  o p e r a t i o n " ,   as  d e f i n e d   a b o v e ,   t h e   C e n t r e s   o f  

P r e s s u r e   u s u a l l y   l i e   b e t w e e n   35%  and  40%  of  t h e   m e a n  

c h o r d s ) .  

S a i l   S h a p e  

A l t h o u g h   t h e   s a i l   a r r a n g e m e n t   of  F i g u r e   4  w o u l d  

mee t   t h e   m a j o r   r e q u i r e m e n t s ,   and  c o u l d   u t i l i s e   c o n v e n t i o -  

na l   c o n s t r u c t i o n   t e c h n i q u e s ,   i t   has   two  s e c o n d a r y  

d i s a d v a n t a g e s :  

1)  The  a f t   e n d s   of  t h e   booms  p r o j e c t   a  



c o n s i d e r a b l e   d i s t a n c e   a f t   of  t h e   a x e s   of  r o t a t i o n .  

T h i s   i n c r e a s e s   t h e   d a n g e r   of  i m m e r s i o n   when  p o s i t i v e  

i n c i d e n c e   i s   a p p l i e d   to  t h e   " h o r i z o n t a l "   s a i l .  

2)  The  s h a p e   of  mos t   s a i l b o a r d   s a i l s   i s   no t   a  

v e r y   c l o s e   a p p r o x i m a t i o n   to  t h e   min imum  d r a g   i d e a l .  

T h e s e   p r o b l e m s   c o u l d   be  a l l e v i a t e d   by  s a i l s   o f  

h i g h e r   a s p e c t   r a t i o   in   w h i c h   t h e   a r e a   i s   d i s t r i b u t e d  

more   e v e n l y   a l o n g   t h e   s p a n ,   and  t h e   a f t   end  of  t h e   b o o m  

d o e s   no t   p r o j e c t   as  f a r .   C o n s e q u e n t l y ,   t h e   r e c e n t l y  

i n t r o d u c e d   ' h i g h   c l e w   h i g h   a s p e c t   r a t i o '   s a i l b o a r d  

s a i l s ,   w h i c h   can  be  u s e d   on  r e l a t i v e l y   s h o r t   b o o m s ,  a r e  

to   be  p r e f e r r e d , a n d   w o u l d   be  a e r o d y n a m i c a l l y   m o r e  

e f f i c i e n t   f o r   and  on  t h e   t w i n   s a i l   r i g   t h a n   e a r l i e r  

t y p e s   of  b o a r d   s a i l s .  

I n t e r - S a i l   A n g l e  

I t   i s   c o n v e n i e n t   to  c o n s i d e r   f i r s t l y   t h e   o p t i m u m  
f 

p o s i t i o n   f o r   e a c h   s a i l   in  i s o l a t i o n .  

For   maximum  p e r f o r m a n c e   t h e   " h o r i z o n t a l "   s a i l  

s h o u l d   no t   t i l t   u p w a r d s   a s ,   in  a d d i t i o n   to  c a u s i n g   a  

s l i g h t   l o s s   of  l i f t ,   t h e   t i l t   w o u l d   c r e a t e   a  c o m p o n e n t  

w h i c h   w o u l d   o p p o s e   t h e   p r o p u l s i v e   f o r c e   g e n e r a t e d   b y  

t h e   v e r t i c a l   s a i l .   N e v e r t h e l e s s , t h e   s a i l   s h o u l d   n o t  

d r o o p   e i t h e r   a s ,   a l t h o u g h   t h i s   w o u l d   p r o v i d e   an  i n c r e -  

ment   to   t h e   p r o p u l s i v e   f o r c e ,   i t   w o u l d   a g g r a v a t e   t h e  

p r o b l e m   of  wave  c l e a r a n c e .   H e n c e , t h e   i d e a l   s e t t i n g  

f o r   t h e   " h o r i z o n t a l "   s a i l   p r o b a b l y   i s   t r u l y   h o r i z o n t a l ,  

p r o v i d e d   t h a t   t h i s   i s   c o n s i s t e n t   w i t h   a d e q u a t e   w a v e  

c l e a r a n c e .  



The  v e r t i c a l   s a i l   mus t   no t   t i l t   t o w a r d s   t h e  

o t h e r   s a i l   as  t h i s   w o u l d   c r e a t e   an  a n t i - l i f t   c o m p o n e n t .  

H o w e v e r ,   a  s l i g h t   t i l t   in  t h e   o p p o s i t e   d i r e c t i o n   c o u l d  

be  w o r t h w h i l e   as  i t   w o u l d   p r o v i d e   s i g n i f i c a n t  

a u g m e n t a t i o n   of  l i f t   f o r   a  r e l a t i v e l y   s m a l l   l o s s   o f  

p r o p u l s i v e   f o r c e .  

H e n c e ,   i f   wave  c l e a r a n c e   i s   a d e q u a t e   w i t h   t h e  

" h o r i z o n t a l "   s a i l   h o r i z o n t a l ,   t h e n   t h e r e   i s   a  c a s e   f o r  

a d o p t i n g   an  i n t e r - s a i l   a n g l e   of  a r o u n d   1 0 5 ° .   A l t h o u g h  

t h i s   w o u l d   s l i g h t l y   r e d u c e   t h e   s p a c e   f o r   t h e   c r ew   w h e n  

c l o s e - h a u l e d ,   s a i l s   t i l t e d   15°  to   w i n d w a r d   do  no t   s e e m  

to  i n c o n v e n i e n c e   c r e w s   of  c o n v e n t i o n a l   s a i l b o a r d s   u n d u l y .  

A l t e r n a t i v e l y ,   i f   wave  c l e a r a n c e   is   a  p r o b l e m ,  

an  i n t e r - s a i l   a n g l e   of  90°  c o u l d   be  a d o p t e d ,   and  a  1 5 0  

t i l t   to  w i n d w a r d   u s e d   to  i n c r e a s e   t h e   wave  c l e a r a n c e   o f  

t h e   " h o r i z o n t a l "   s a i l .   In  t h i s   c a s e , t h e   a d d i t i o n a l   l i f t  

f rom  t h e   v e r t i c a l   s a i l   w o u l d   h e l p   to  o f f s e t   t h e   u n w a n t e d  

a n t i - p r o p u l s i v e   c o m p o n e n t   c r e a t e d   by  t i l t i n g   t h e  

" h o r i z o n t a l "   s a i l .  

I t   may  be  n o t e d   t h a t   t h e o r e t i c a l l y   t h e   p r o p u l s i v e  

and  l i f t i n g   c o m p o n e n t s   of  t h e   two  s a i l s   w o u l d   be  m a x i m i s e d  

by  an  i n t e r - s a i l   a n g l e   of  180°   w i t h   b o t h   s a i l s   s e t   a t  

450  to  t h e   h o r i z o n t a l .   B o t h   c o m p o n e n t s   w o u l d   t h e n   h a v e  

v a l u e s   41%  a b o v e   t h o s e   o b t a i n e d   w i t h   one  s a i l   v e r t i c a l  

and  t h e   o t h e r   h o r i z o n t a l .   H o w e v e r ,   t h i s   a r r a n g e m e n t  

w o u l d   r e p r e s e n t   a  t o t a l l y   d i f f e r e n t   and  l e s s   p r a c t i c a l  

t y p e   of  r i g .   F u r t h e r m o r e , t h e   r a t e   of  i m p r o v e m e n t  

d e c r e a s e s   as  t h e   i n t e r - s a i l   a n g l e   i n c r e a s e s   and  m o r e  



t h a n   h a l f   of  t h e   maximum  i m p r o v e m e n t ,   in  f a c t   54%  o f  

i t ,   w o u l d   be  a c h i e v e d   by  a d o p t i n g   1 0 5 ° ,  

R o l l   P i v o t   H e i g h t  

A l t h o u g h   t h e   p r e c e d i n g   s e c t i o n   n o t e d   t h e   m e r i t s  

of  s e t t i n g   t h e   " h o r i z o n t a l "   s a i l   t r u l y   h o r i z o n t a l ,   i t  

w o u l d   c l e a r l y   be  i m p r a c t i c a b l e   f o r   i t   to  e x t e n d   h o r i z o n -  

t a l l y   a t   d eck   l e v e l .   In  s u c h   a  c a s e , t h e   t r a i l i n g   e d g e  

( l e e c h )   w o u l d   i n e v i t a b l y  b e   imnersed  by  t h e   a p p l i c a t i o n   o f  

p o s i t i v e   i n c i d e n c e   to  t h e   s a i l ,   i f   no t   by  wave  i m p a c t .  

A l t h o u g h   t h e   s i m p l e s t   s o l u t i o n   a p p e a r s   to  be  to   r a i s e  

t h e   w h o l e   " h o r i z o n t a l "   s a i l   b o d i l y   to   an  a d e q u a t e   h e i g h t ,  

t h i s   w o u l d   h a v e   i m p o r t a n t   e f f e c t s   on  o t h e r   a s p e c t s   w h i c h  

mus t   a l s o   be  c o n s i d e r e d .  

The  mos t   i m p o r t a n t   i s   t h a t   r a i s i n g   t h e   r i g   i n c r e a s e s  

t h e   r o l l i n g   moment   arm  of  t h e   f o r c e   g e n e r a t e d   by  t h e  

v e r t i c a l   s a i l ,   b u t   d o e s   no t   p r o v i d e   any  c o m p e n s a t i n g  

e f f e c t   on  t h e   o t h e r   r o l l i n g   m o m e n t s .   T h i s   a s p e c t   s e t s  

an  u l t i m a t e   l i m i t   to   t h e   r o l l   p i v o t   h e i g h t   w h i c h   i s  

c o m p a t i b l e   w i t h   m a i n t a i n i n g   e q u i l i b r i u m   in  r o l l   u n d e r   a  

g i v e n   s e t   of  c o n d i t i o n s .   S i n c e   t h e   maximum  p i v o t   h e i g h t  

is   r e d u c e d   as  t h e   s a i l   f o r c e s   i n c r e a s e ,   i t   i s   p r o p o s e d  

to  d e s i g n   t h e   r e l e v a n t   c o m p o n e n t s   to   c a t e r   f o r   a  r a n g e  

of  d i f f e r e n t   i n t e r - s a i l   a n g l e s   and  p i v o t   h e i g h t s .  

For   e x a m p l e ,   in  l i g h t   w i n d s , r o l l   s t a b i l i t y  

p r e s e n t s   no  d i f f i c u l t y ,  a n d   so  an  e x t e n s i o n   c o u l d   b e  

f i t t e d   to  t h e   u n i v e r s a l   j o i n t   to  r a i s e   t h e   r o l l   p i v o t  

w e l l   a b o v e   d e c k   l e v e l .   T h i s   w o u l d   h a v e   two  b e n e f i c i a l  

e f f e c t s :  



1)  I t   w o u l d   e n a b l e   t h e   more   e f f i c i e n t   i n t e r -  

s a i l   a n g l e   of  1 0 5 °  t o   be  u s e d   w i t h o u t   e n c o u n t e r i n g   w a v e  

c l e a r a n c e   p r o b l e m s .  

2)  R a i s i n g   t h e   e n t i r e   r i g   w o u l d   i n c r e a s e   t h e  

a v e r a g e   w ind   s p e e d   w h i c h   i t   e x p e r i e n c e d ,   and  h e n c e  

i n c r e a s e   t h e   p r o p u l s i v e   and  l i f t   f o r c e s .  

I t   i s   e n v i s a g e d   t h a t   t h e   l a t e r a l   f r a m e   (o f   b o o m s  

and  s t r u t s )   w o u l d   be  u s e d ,   bu t   f i t t e d   n e a r e r   to  t h e  

p i v o t   t h a n   u s u a l ,   as  i n d e e d   i t   w o u l d   h a v e   to  be  t o  .  

r e m a i n   w i t h i n   e a s y   r e a c h   of  t h e   c r e w .  

C o n v e r s e l y ,   in  h e a v y   w i n d s   t h e   r o l l   p i v o t   w o u l d  

be  s e t   c l o s e   to  t h e   deck   and  t h e   f r a m e   r a i s e d   to   r e d u c e  

t h e   i n t e r - s a i l   a n g l e ,   p e r h a p s   to  750,   t h u s   m a i n t a i n i n g  

a d e q u a t e   wave  c l e a r a n c e .   The  l o s s   of  e f f i c i e n c y   t h u s  

i n c u r r e d   w o u l d   p r o b a b l y   be  a c c e p t a b l e   in  v i ew   of  t h e  

h i g h   s a i l   f o r c e s   g e n e r a t e d   by  t h e   h i g h   w i n d .   (The   h i g h  

c l e w   s a i l s   m e n t i o n e d   a b o v e   have   an  a d d i t i o n a l   a d v a n t a g e  

when  t h e   i n t e r - s a i l   a n g l e   i s   l e s s   t h a n   90°  a s ,   s i n c e  

t h e   a f t e r - m o s t   p a r t   of  t h e   r i g   i s   t h e n   h i g h e r   t h a n   w i t h  

low  c l ew   s a i l s ,   t h i s   i n c r e a s e s   wave  c l e a r a n c e ) .  

T h u s ,   t h e   s e l e c t i o n   of  t h e  r o l l   p i v o t   h e i g h t  

i n v o l v e s   a  c o m p r o m i s e   b e t w e e n   t h e   r e q u i r e m e n t s   of  w a v e  

c l e a r a n c e ,  r o l l   s t a b i l i t y ,   and  p e r f o r m a n c e .  

The  p r o b l e m   of  wave  c l e a r a n c e   can   be  f u r t h e r  

a l l e v i a t e d   by  u t i l i s i n g   a  f o r w a r d   s t r u t   w h i c h   i s   s h o r t e r  

t h a n   t h e   a f t   s t r u t ,   t h u s   f o r c i n g   t h e   s a i l s   to   " t o e   i n " .  

For   e x a m p l e ,   t h e   d i m e n s i o n s   c o u l d   be  a r r a n g e d   to   e n s u r e  



t h a t ,  w h e n   t h e   v e r t i c a l   s a i l   was  in  i t s   normal  p o s i t i o n  

w i t h   r e s p e c t   to  p i t c h i n g   r o t a t i o n , t h e   h o r i z o n t a l   s a i l  

was  s e t   at   i t s   n o r m a l   o p e r a t i n g   i n c i d e n c e .   Thus   w i t h  

t h e   h o r i z o n t a l   s a i l   " a l r e a d y "   a t   i t s   n o r m a l   o p e r a t i n g  

i n c i d e n c e ,  t h e r e   w o u l d   be  no  n e e d   to  r a k e   t h e   v e r t i c a l  

s a i l   f u r t h e r   a f t   and  f u r t h e r   d e c r e a s e   wave  c l e a r a n c e .  

O p t i o n a l   F e a t u r e s  

Rig  c o n s t r u c t i o n   may  be  c o n v e n t i o n a l ,   w i t h  

f l e x i b l e   s a i l s   s e t   on  r i g i d   s p a r s   ( s u c h   as  m a s t s   a n d  

b o o m s ) ,   or   may  u t i l i s e   a l t e r n a t i v e   f o r m s   of  c o n s t r u c t i o n  

s u c h   as  t h o s e   u s e d   f o r   t h e   w i n g s   of  u l t r a - l i g h t   a i r c r a f t .  

I t   i s   a  p a r t i c u l a r   f e a t u r e   of  t h e   r i g   c o n f i g u -  

r a t i o n   t h a t   t h e   low  p r e s s u r e   a r e a   i s   n o r m a l l y   on  t h e  

same  s i d e   of  e a c h   s a i l ,   w h e t h e r   i t   i s   o p e r a t i n g  

h o r i z o n t a l l y   or  v e r t i c a l l y .   (By  c o n t r a s t ,   w i t h  

c o n v e n t i o n a l   s i n g l e   s a i l   r i g s ,   t h e  l o w   p r e s s u r e   a r e a  

i s   on  t h e   o p p o s i t e   s i d e   of  t h e   s a i l   when  on  t h e   o p p o s i t e  

t a c k ) .   T h i s   c h a r a c t e r i s t i c   means   t h a t   i t   i s   f e a s i b l e   t o  

u se   s a i l s   or  a e r o f o i l s   i n c o r p o r a t i n g   h i g h   l i f t   a s y m m e t r i c  

s e c t i o n s .   I t   i s   a l s o   t h e o r e t i c a l l y   p o s s i b l e   to  use   t h e  

h i g h   l i f t   d e v i c e s   u s e d   by  a i r c r a f t ,   s u c h   as  s l a t s   a n d  

f l a p s .   The  a v a i l a b i l i t y   of  h i g h   p e r f o r m a n c e   a e r o f o i l s  

c o u l d   e n a b l e   t h e   p e r f o r m a n c e   of  t h e   s a i l b o a r d   to   b e  

f u r t h e r   i m p r o v e d ,   or  t h e   d a t u m   l e v e l   of  p e r f o r m a n c e   t o  

be  m a i n t a i n e d   by  a  s m a l l e r   r i g .  

I f   t h e   s a i l b o a r d   to  w h i c h   t h e   r i g   i s   to  be  f i t t e d  

i s   d e s i g n e d   f o r   s i n g l e   h a n d e d   o p e r a t i o n   ( so   t h a t   t h e  

p e r s o n   c o n t r o l l i n g   t h e   r i g   i s   a l s o   r e q u i r e d   to   s t e e r )  



t h e n   t h e   r i g   and  u n i v e r s a l   j o i n t   may  i n c o r p r a t e   f e a t u r e s  

r e l a t i n g   to  t h e   s t e e r i n g   s y s t e m .  

I t   may  p r o v e   a d v i s a b l e   to  f i t   a  s m a l l   f l o a t   a t  

t h e   o u t e r   e x t r e m i t y   ( e . g .   m a s t h e a d )   of  e a c h   s a i l ,   t o  

p r e v e n t   s i n k i n g   of  t h e   l o w e r   s a i l   when  a l l o w e d   to  s e t t l e  

on  t h e   w a t e r .   I t   i s   a l s o   p o s s i b l e ,   bu t   l e s s   l i k e l y ,  

t h a t   s i m i l a r   f l o a t s   s h o u l d   be  f i t t e d   to   t h e   t r a i l i n g  

e x t r e m i t i e s   of  e a c h   s a i l ,   f o r   e x a m p l e   at   t h e   a f t   end  o f  

e a c h   boom.  Wi th   s u c h   p r o v i s i o n s   some  p a r t   of  t h e   r i g  

s t r u c t u r e   w o u l d   n o r m a l l y   be  w i t h i n   e a s y   r e a c h   of  t h e  

c rew  and  so  a  r i g   u p h a u l ,   as  u s e d   on  c o n v e n t i o n a l   s a i l -  

b o a r d   r i g s ,   w o u l d   no t   be  r e q u i r e d .   H o w e v e r ,   t h e   m e t h o d  

of  r u n n i n g   b e f o r e   t h e   w ind   w i t h   t h e   r i g   t i l t e d   f o r w a r d  

s y m m e t r i c a l l y   may  r e q u i r e   an  u p h a u l   a t t a c h e d   to  t h e   a f t  

end  of  e a c h   b o o m .  

I t   s h o u l d   be  e m p h a s i s e d   t h a t   t h e   r i g   i s   a p p l i c - t  

a b l e   no t   o n l y   to  s a i l b o a r d s   d e s i g n e d   s p e c i f i c a l l y   t o  

u t i l i s e   i t ,   b u t   a l s o   to  e x i s t i n g   b o a r d s   w h i c h   w e r e  

o r i g i n a l l y   i n t e n d e d   to  use   c o n v e n t i o n a l   s i n g l e   s a i l   r i g s .  

The  d e t a i l e d   d e s i g n   of  t h e   r i g   s h o u l d   p r e f e r a b l y  

p r o v i d e   f o r   e a s e   of  a s s e m b l y   and  d i s m a n t l i n g   t o  

f a c i l i t a t e   i t s   t r a n s p o r t ,   in  p a r t i c u l a r   by  c a r   r o o f   r a c k .  

S t e e r i n g   S y s t e m s  

The  d e s i r a b i l i t y   of  p r o v i d i n g   a  s t e e r i n g   s y s t e m  

u s i n g   a  w a t e r   r u d d e r ,   p r e f e r a b l y   one  w h i c h   can  be  o p e r a t e d  

by  a  s i n g l e   c r ew   member ,   has   a l r e a d y   b e e n   m e n t i o n e d .  

The  c o n v e n t i o n a l   s a i l b o a r d ,   h a v i n g   no  r u d d e r ,   i s   s t e e r e d  



by  t h e   c r e w   t i l t i n g   the  r ig   forward  or  a f t   as  r e q u i r e d .  

T h i s   a c t i o n   a l t e r s   t h e   l o n g i t u d i n a l   p o s i t i o n   of  t h e  

C e n t r e   of  P r e s s u r e   (CP)  of  t h e   s a i l   r e l a t i v e   to  t h e  

C e n t r e   of  L a t e r a l   R e s i s t a n c e   (CLR)  of  t h e   i m m e r s e d  

p a r t s   of  t h e   b o a r d ,   and  so  g e n e r a t e s   u n b a l a n c e d   y a w i n g  

m o m e n t s   w h i c h   t h e n   t u r n   t h e   b o a r d .  

T h i s   s t e e r i n g   m e t h o d   has   two  b a s i c   a d v a n t a g e s :  



1)  The  b o a r d   w i l l   o n l y   s a i l   s t r a i g h t   i f   i t   i s  

c o r r e c t l y   t r i m m e d .   By  c o n t r a s t ,   w i t h   a  s a i l i n g   d i n g h y  

i t   i s   p o s s i b l e   to  s a i l   s t r a i g h t   when  b a d l y   t r i m m e d ,  

w i t h   t h e   r u d d e r   w o r k i n g   in  o p p o s i t i o n   to   t h e   c e n t r e  

b o a r d   and  g e n e r a t i n g   more   r e s i s t a n c e   t h a n   i t   w o u l d   w i t h  

c o r r e c t   t r i m .  

2)  The  f i x e d   s k e g   i s   c l e a r l y   s i m p l e r   and  c h e a p e r  

t h a n   any  r u d d e r   c o u l d   b e .  

F u r t h e r m o r e   i t   w o u l d   a p p e a r  

t h a t   s i n c e   t h e   c rew  n e e d s   b o t h   f e e t   f r e e   to  m a i n t a i n  

h i s   b a l a n c e   on  the   b o a r d ,   and  b o t h   h a n d s   a r e   n e e d e d   t o  

s u p p o r t   and  c o n t r o l   t h e   r i g ,   he  has   no  l i m b s   a v a i l a b l e  

t o   o p e r a t e   a  s e p a r a t e   s t e e r i n g   s y s t e m .  

N e v e r t h e l e s s , a l t h o u g h   t h e   a d v a n t a g e s   a r e   u n d e n i a b l e  

t h i s   m e t h o d   of  s t e e r i n g   a l s o   has   some  s i g n i f i c a n t   l i m i t a t i o n s .  

The  f u n c t i o n   of  a  s t e e r i n g   s y s t e m   may  be  c o n s i d e r e d  

to  be  t he   g e n e r a t i o n   of  t u r n i n g   m o m e n t s   a b o u t   t h e   CLR  a n d  

i t s   p e r f o r m a n c e   may  be  a s s e s s e d   on  t h e   m a g n i t u d e   of  t h e  

m o m e n t s   w h i c h   i t   i s   a b l e   to  g e n e r a t e   and  a l s o   on  t h e   r a t e  

at  w h i c h   t h e   m o m e n t s   can  be  a p p l i e d .   ( C l e a r l y   a  s y s t e m  

w h i c h   t a k e s   a  r e l a t i v e l y   l o n g   t i m e   to  g e n e r a t e   a  l o w  

maximum  t u r n i n g   moment   m u s t   be  c o n s i d e r e d   to   be  i n e f f i c i e n t . )  

The  maximum  t u r n i n g   moment   a t t a i n a b l e   i s   t h e   p r o d u c t  

of  two  o t h e r   f a c t o r s ,   v i z .   t h e   maximum  f o r c e   w h i c h   can  b e  

g e n e r a t e d   and  t h e   maximum  moment   arm  to  w h i c h   i t   can  b e  

a p p l i e d ,   a s s u m i n g   t h a t   b o t h   max ima   a r e   a t t a i n a b l e  

c o n c u r r e n t l y .  



A l t h o u g h   i t   i s   i m p o s s i b l e   to  g e n e r a l i s e   w i t h  

p r e c i s i o n ,   i t   s e e m s   l i k e l y   t h a t   d u r i n g   n o r m a l   m a n o e u v r i n g  

t h e   s a i l   CP  of  a  c o n v e n t i o n a l   s a i l b o a r d   w i l l   no t   move  m o r e  

t h a n   a b o u t   2  f e e t   f o r w a r d   or  a f t   of  t h e   CLR.  By  c o n t r a s t ,  

a  r u d d e r   i f   f i t t e d   at   t h e   s t e r n   w o u l d   be  at  l e a s t   4  fee t   a f t   of  the  C  

H e n c e   t h e   r u d d e r   f o r c e   moment   arm  w o u l d   p r o b a b l y   e x c e e d  

t h e   s a i l   f o r c e   moment   arm  by  a  f a c t o r   of  at  l e a s t   2 .  

The  c r o s s - s t r e a m   f o r c e s   g e n e r a t e d   by  the   s a i l   a n d  

r u d d e r   may  be  c a l c u l a t e d   f rom  t he   e x p r e s s i o n :  

W h e r e  

p  =  F l u i d   d e n s i t y   ( a i r   or  w a t e r )  

V  =  R e l a t i v e   s p e e d   of  f l u i d  

S  =  S u r f a c e   a r e a   ( o f   s a i l  o r   r u d d e r )  

CL=  L i f t   c o e f f i c i e n t  

Of  t h e s e   f a c t o r s ,   CL  s h o u l d   p r o b a b l y   be  c o n s i d e r e d  

to  be  i d e n t i c a l   f o r   s a i l   and  r u d d e r .   A l t h o u g h   t h e   m a x i m u m  

v a l u e   a t t a i n a b l e   i s   l i k e l y   to  be  h i g h e r   f o r   t h e   s a i l   t h a n  

t h e   r u d d e r   ( due   to  g r e a t e r   s a i l   c a m b e r ) ,   in  m o s t   p h a s e s   o f  

s a i l i n g   t h e   s a i l   CL  w i l l   be  d e t e r m i n e d   by  f a c t o r s   o t h e r  

t h a n   t h e   s t e e r i n g   r e q u i r e m e n t ,   and  i s   t h e r e f o r e   l i k e l y   t o  

be  s i g n i f i c a n t l y   l e s s   t h a n   i t s   maximum  v a l u e .  

H e n c e   t h e   f o r c e s   a t t a i n a b l e   may  be  c o m p a r e d   b y  



c o m p a r i n g   t h e   v a l u e s   of  (pV2S)   f o r   t h e   s a i l   and  r u d d e r .  

The  d e n s i t y   f a c t o r   i s   e a s y   to   a s s e s s :   w a t e r   i s  

a p p r o x i m a t e l y   840  t i m e s   d e n s e r   t h a n   a i r .  

The  a r e a   c o m p a r i s o n   is   o n l y   s l i g h t l y   m o r e  

p r o b l e m a t i c a l ,   and  v a l u e s   of  60  and  0 . 5   ( s q u a r e   f e e t )  

f o r   s a i l   and  r u d d e r   r e s p e c t i v e l y   a r e   p r o b a b l y   r e a l i s t i c ,  

g i v i n g   a  r a t i o   of  1 2 0 .  

S p e e d   c o m p a r i s o n s   a r e   i n h e r e n t l y   l e s s   s o u n d   s i n c e  

h i g h   w a t e r   s p e e d s   may  o c c u r   c o n c u r r e n t l y   w i t h   low  w i n d  

s p e e d s   ( t e m p o r a r i l y )   and  v i c e   v e r s a .   H o w e v e r ,   w i t h   a ' b e a m  

wind   a  w e l l   s a i l e d   b o a r d   s h o u l d   a t t a i n   s p e e d s   of  t h e   s a m e  

o r d e r   as  t h e   w i n d   s p e e d .   Due  to  t h e   h e a d w i n d   c o m p o n e n t  

c a u s e d   by  f o r w a r d   m o t i o n   t he   a p p a r e n t   w i n d   s p e e d  

e x p e r i e n c e d   by  the   s a i l   i s   i n c r e a s e d   by  a b o u t   40%.  H e n c e  

in  t h i s   c a s e   V2  f o r   t h e   s a i l   w o u l d   e x c e e d   t h e   v a l u e   f o r  

t he   r u d d e r   by  a  f a c t o r   of  a b o u t   2 .  

S u m m a r i s i n g ,   on  t h e   a b o v e   a s s u m p t i o n s ,   t h e   r u d d e r  

, f o r c e   c o u l d   be  e x p e c t e d   to  e x c e e d   t h e   s a i l   f o r c e   by  8 4 0  ÷  

( 1 2 0   x  2 ) ,   w h i c h   i s   a  f a c t o r   of  3 . 5 .  

S i n c e   i t   has   a l r e a d y   b e e n   e s t a b l i s h e d   t h a t   t h e  

r u d d e r   moment   arm  w o u l d   be  g r e a t e r   by  a  f a c t o r   of  at  l e a s t  

2,  i t   w o u l d   seem  t h a t   a  s t e e r i n g   s y s t e m   b a s e d   on  a  

c o n v e n t i o n a l   r u d d e r   c o u l d   p r o v i d e   t u r n i n g   m o m e n t s   up  t o  

7  t i m e s   g r e a t e r   t h a n   t h o s e   a v a i l a b l e   f rom  t h e   c o n v e n t i o n a l  

s a i l b o a r d   s t e e r i n g   m e t h o d .  

F u r t h e r m o r e ,   i t   s e e m s   f a i r l y   c e r t a i n   t h a t   t h e  

r o t a t i o n   of  a  s m a l l ,   low  i n e r t i a   r u d d e r   c o u l d   be  a c h i e v e d  



more  r a p i d l y   t h a n   t i l t i n g   t he   e n t i r e   r i g ,   w h i c h   has   m u c h  

g r e a t e r   i n e r t i a .   C o n s e q u e n t l y   t h e   r a t e  o f   r e s p o n s e   o f  

a  r u d d e r   b a s e d   s y s t e m   c o u l d   a l s o   be  e x p e c t e d   to  b e  

s u p e r i o r .  

The  a b o v e   c o m p a r i s o n s   c l e a r l y   r e p r e s e n t   a  

s i g n i f i c a n t   i n c e n t i v e   to   d e v e l o p   a  r u d d e r   b a s e d   s t e e r i n g  

s y s t e m   f o r   c o n v e n t i o n a l   s a i l b o a r d s .  

A c c o r d i n g   to  a  f u r t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n   t h e r e f o r e   t h e r e   i s   p r o v i d e d   a  s a i l b o a r d  

s t e e r i n g   s y s t e m   w h e r e i n   e a c h   boom  i n c l u d e s   or   i n c o r p o r a t e s  

a  s t e e r i n g   c o n t r o l   d e v i c e   and  means   r e s p o n s i v e   t o  

m o v e m e n t   of  s a i d   c o n t r o l   f o r   t r a n s m i t t i n g   s u c h  

m o v e m e n t   or   a  s i g n a l   r e l a t e d   t h e r e t o   to  a"  r u d d e r .  

A l t h o u g h   s u c h   a  s y s t e m   w o u l d   n e c e s s a r i l y   s a c r i f i c e  

t h e   v i r t u e   of  e x t r e m e   s i m p l i c i t y ,   i t   s h o u l d   p r o v i d e   a  

s u b s t a n t i a l   i m p r o v e m e n t   of  s t e e r i n g   e f f i c i e n c y .   M o r e o v e r  

e s p e c i a l l y   when  u s e d   in  c o n j u n c t i o n   w i t h   an  o t h e r w i s e  

c o n v e n t i o n a l   s a i l b o a r d   r i g ,   t h e   a b i l i t y   to  o p t i m i s e  

d i r e c t i o n a l   t r i m   by  t i l t i n g   t h e   r i g   w o u l d   be  r e t a i n e d .  

C o n v e r s e l y ,   s i n c e   t h e   t i l t i n g   m o t i o n   of  t he   r i g   w o u l d  

no  l o n g e r   be  r e q u i r e d   f o r   s t e e r i n g   i t   c o u l d   be  u t i l i s e d  

to  c o n t r o l   some  o t h e r   a s p e c t ,   i f   so  r e q u i r e d   by  a  

d i f f e r e n t   f o r m   of  r i g .  

A  r u d d e r   b a s e d   s y s t e m   of  t h e   t y p e   c o n t e m p l a t e d   h a s  

t h r e e   m a i n   e l e m e n t s .   F i r s t l y   t h e r e   i s   t h e   r u d d e r   i t s e l f .  

S e c o n d l y   t h e r e   m u s t   be  means   f o r   t h e   c rew  to  a p p l y  



c o n t r o l   m o v e m e n t s   to  t h e   s y s t e m .   T h i r d l y ,   t h e r e   mus t   b e  

an  e l e m e n t   w h i c h   c o n n e c t s   t he   f i r s t   two  t o g e t h e r .  

S i n c e   t h e   c rew  i s   r e q u i r e d   to  g r a s p   t he   boom  in  o r d e r  

to   s u p p o r t   and  c o n t r o l   t h e   r i g ,   t h e   p r o v i s i o n   of  a  c o n t r o l  

d e v i c e   w h i c h   i s   a s s o c i a t e d   w i t h   t he   boom  f o r   s t e e r i n g   t h e  

c r a f t   i s   a  v e r y   c o n v e n i e n t   a r r a n g e m e n t   f o r   i n c r e a s i n g   t h e  

o v e r a l l   c o n t r o l   o v e r   t h e   o p e r a t i o n   of  t h e   c r a f t .  

The  v a r i a t i o n s   of  s a i l   f o r c e s   r e q u i r e   t he   h a n d s   to  b e  

a b l e   to   a d o p t   a  r a n g e   of  d i f f e r e n t   p o s i t i o n s   on  t he   b o o m .  

C o n s e q u e n t l y   any  s y s t e m   to  be  u s e d   f o r   t h e   a p p l i c a t i o n   o f  

c o n t r o l   m o v e m e n t s   to   t h e   r u d d e r   s y s t e m   mus t   p e r m i t   t h e  

h a n d s   to  a d o p t   t h e   same  r a n g e   of  p o s i t i o n s .  

S t e e r i n g   s y s t e m s   of  two  b a s i c   t y p e s   h a v e   b e e n   i n v e s -  

t i g a t e d   in  w h i c h   c o n t r o l   m o v e m e n t   is   t r a n s m i t t e d   f rom  t h e  

booms  to  t h e   r u d d e r .   T h e s e   a r e   f i r s t   a  r o t a t a b l e   c o n t r o l  

d e v i c e   m o u n t e d   on  t h e   booms  and  s e c o n d l y   a  d e v i c e   w h i c h   i s  

r e s p o n s i v e   to   a  p i v o t i n g   m o v e m e n t   of  t h e   booms  a b o u t   an  a x i s  

w h i c h   e x t e n d s   l o n g i t u d i n a l l y   of  t h e   boom  and  is   p a r a l l e l  

w i t h   i t .   The  f o r m e r   s y s t e m   has   b e e n   f o u n d   to  be  p r e f e r a b l e  

in  s a i l b o a r d s   f i t t e d   w i t h   t w i n   s a i l s , w h i l e   t he   l a t t e r   s y s -  

tem  is   p r e f e r r e d   f o r   use   w i t h   c o n v e n t i o n a l   s i n g l e - m a s t e d  

s a i l b o a r d .   In  t h e   c a s e   of  t h e   l a t t e r   s t e e r i n g   s y s t e m   i t   h a s  

b e e n   f o u n d   to  be  c o n v e n i e n t   to  p r o v i d e   some  k i n d   of  l o s t  

m o t i o n   a r r a n g e m e n t   w i t h   the  s t e e r i n g   mechanism  so  t h a t   t h e  

r u d d e r   i s   no t   s u b j e c t e d   to   s m a l l   c h a n g e s   in  p i v o t i n g  

m o v e m e n t s   of  t h e   b o o m s .  



G e n e r a l l y   s p e a k i n g ,   in  t h e   c a s e   of  a  t w i n   s a i l  

c r a f t   a  t w i s t - g r i p   s t e e r i n g   c o n t r o l   is   p r e f e r r e d   a n d  

n o r m a l l y   t h e   a x i s   of  s u c h   a  g r i p   s h o u l d   be  a p p r o x i m a t e l y  

p a r a l l e l   i f   no t   a c t u a l l y   c o a x i a l   w i t h   t h a t   of  t h e  

boom  i t s e l f .   The  w r i s t   m o v e m e n t   r e q u i r e d   i s   t h u s  

s i m i l a r   to   t h a t   u s e d   to  o p e r a t e   t h e   t w i s t   g r i p   c o n t r o l s  

f i t t e d   to   m o t o r   c y c l e s .  

In  t h e   p r e f e r r e d   v e r s i o n ,   t h e   t w i s t - g r i p   i s   a  

s t r a i g h t   c i r c u l a r   t u b e   and  i s   m o u n t e d   on  a  s e c t i o n  

of   t h e   boom  w h i c h   p a s s e s   t h r o u g h   i t .   The  s e c t i o n   o f  

t h e   boom  s h r o u d e d   by  t h e   t w i s t - g r i p   s h o u l d   a l s o   b e  

s t r a i g h t   and  c i r c u l a r ,   and  be  c o a x i a l   w i t h   t h e   g r i p .  

(The   p a r t   of  t h e   boom  a f t   of  t h e   t w i s t - g r i p   may  b e  

of  a  d i f f e r e n t   s e c t i o n   a n d / o r   be  b e n t   or  c u r v e d ) .  

A l t h o u g h   in  a  s i m p l e s t   v e r s i o n   a  

low  f r i c t i o n   p l a s t i c   g r i p   w o u l d   b e a r   d i r e c t l y   on  a  

m e t a l   boom,  d i s c r e t e   p l a i n ,   b a l l  o r   r o l l e r   b e a r i n g s  

may  be  i n t e r p o s e d   b e t w e e n   t h e   g r i p   and  t h e   boom  i f  

r e q u i r e d .  

A l t h o u g h   i t   i s   p o s s i b l e   to  d e v i s e   a  v a r i e t y  

of  s y s t e m s   f o r   t r a n s m i t t i n g   t he   m o v e m e n t   of  t h e   t w i s t -  

g r i p   to   t h e   r u d d e r   and   t r a n s l a t i n g   t h i s   m o v e m e n t  



i n t o   a p p r o p r i a t e   p i v o t a l   m o v e m e n t   of  t h e   r u d d e r ,  

s y s t e m s   i n v o l v i n g   h y d r a u l i c ,   p n e u m a t i c   and  e l e c t r i c a l  

p o w e r   or  s i g n a l s   a r e   l i k e l y   to  be  t o o   e x p e n s i v e .  

I t   i s   t h e r e f o r e   a n t i c i p a t e d   t h a t   a  

m e c h a n i c a l   l i n k a g e   i n v o l v i n g   l i n e s   or  c a b l e s   w i l l  

be  a d o p t e d ,   at  l e a s t   in  p a r t ,   in  most   s a i l b o a r d s  

u t i l i s i n g   t he   s t e e r i n g   s y s t e m s   of  t h i s   i n v e n t i o n .  

The  n e x t   q u e s t i o n   to  be  c o n s i d e r e d   i s   t h e  

r o u t e   to  be  t a k e n   by  t he   l i n k   b e t w e e n   t h e   t w i s t -  

g r i p   and  t h e   r u d d e r .   I t   has   a l r e a d y   b e e n   n o t e d   t h a t  

y a w i n g   r o t a t i o n   of  t h e   r i g   a b o u t   t he   v e r t i c a l   a x i s  

t h r o u g h   t he   u n i v e r s a l   j o i n t   s h o u l d   be  u n r e s t r i c t e d .  

In  o r d e r   to   a v o i d   any  r e s t r i c t i o n   in  m o v e m e n t   o f  

t he   u n i v e r s a l   j o i n t ,   t h e   t r a n s m i s s i o n   p a t h   f o r  

s t e e r i n g   c a b l e s ,   l i n e s   or  t he   l i k e   s h o u l d   in  e f f e c t ,  

p a s s   a l o n g   t h i s   a x i s   at  some  s t a g e .   As  b r o a d l y  

s i m i l a r   c o n s i d e r a t i o n s   a p p l y   to  t h e   o t h e r   a x e s ,   a n y  

m e c h a n i c a l   t r a n s m i s s i o n   l i n k   w i l l   n o r m a l l y   b e  

r o u t e d   v i a   t h e   u n i v e r s a l   j o i n t .  



T r a n s m i s s i o n   of  c o n t r o l   movements  through  the  u n i v e r s a l   j o i n t ,  

w i thou t   r e s t r i c t i n g   yawing  r o t a t i o n   of  the  r i g ,   is  a  major  d e s i g n  

problem.  Seve ra l   s o l u t i o n s   are  f e a s i b l e ,   and  four  are  o u t l i n e d   by  

way  of  e x a m p l e :  

1)  A  s w i v e l   l i n k   c o m p r i s e s   u p p e r   and  l o w e r  

e l e m e n t s   c o n n e c t e d   by  a  s w i v e l ,   and  i s   c o n s t r a i n e d   t o  

move  v e r t i c a l l y   by  u p p e r   and  l o w e r   s e t s   of  g u i d e   r o l l e r s .  

The  u p p e r   g u i d e   r o l l e r s   a l s o   c o n s t r a i n   t h e   u p p e r   e l e m e n t  

to  r o t a t e   in  yaw  w i t h   t h e   r i g .   The  l o w e r   g u i d e   r o l l e r s  

c o n s t r a i n   t h e   l o w e r   e l e m e n t   to  move  w i t h   t he   h u l l   in  y a w .  

The  r u d d e r   i s   c o n t r o l l e d   by  t h e   v e r t i c a l   m o v e m e n t   of  t h e  

l i n k ,   t r a n s m i t t e d   v i a   t h e   s w i v e l .  

2)  The  t w i s t - g r i p   r o t a t e s   a  g e a r   w h e e l   ( l o c a t e d  

w i t h i n   t h e   u n i v e r s a l   j o i n t   a s s e m b l y )   a b o u t   t he   v e r t i c a l  

a x i s .   T h i s   w h e e l   a l s o   r o t a t e s   as  t h e   r i g   y a w s ,   b u t   i s  

c o n n e c t e d   to  a  d i f f e r e n t i a l   g e a r i n g   s y s t e m   w h i c h   s e n s e s  

t h e   r i g   m o v e m e n t   and  a u t o m a t i c a l l y   c o m p e n s a t e s   f o r   i t ,  

e n a b l i n g   t h e   t w i s t - g r i p   m o v e m e n t s  t o   be  t r a n s m i t t e d   t o  

t h e   r u d d e r ,   u n a f f e c t e d   by  y a w i n g   r o t a t i o n   of  t h e   r i g .  

3)  The  t w i s t - g r i p   o p e r a t e s   a  p i s t o n   w i t h i n   a  

h y d r a u l i c   c y l i n d e r , f o r c i n g   f l u i d   a l o n g   a  c o n n e c t i n g   t u b e  

w h i c h   p a s s e s   t h r o u g h   t h e   u n i v e r s a l   j o i n t ,   and  t e r m i n a t e s  

at   a  s e c o n d   h y d r a u l i c   c y l i n d e r .   The  f l u i d   moves   t h e  

s e c o n d   p i s t o n ,   w h i c h   i s   l i n k e d   to   t h e   r u d d e r .   W i t h i n   t h e  

u n i v e r s a l   j o i n t   t h e   c o n n e c t i n g   t u b e   i n c o r p o r a t e s   t h r e e  

r o t a t i n g   c o u p l i n g s ,   e a c h   one  c e n t r e d   on  one  of   t h e   a x e s  



of  r o t a t i o n   of  t h e   j o i n t .  

4)  A  s i n g l e   f l e x i b l e   c o n t r o l   l i n e   i s   c o n s t r a i n e c :  

to   p a s s   t h r o u g h   t h e   c e n t r e   of  t h e   u n i v e r s a l   j o i n t   and  i s  

k e p t   t a u t   by  r e t u r n   s p r i n g s   a t t a c h e d   to  i t s   e n d s .  

W h i c h e v e r   m e t h o d   i s   a d o p t e d ,   t h e   l i n k s   f rom  t h e  

t w i s t - g r i p   to   t h e   u p p e r   p a r t   of  t h e   u n i v e r s a l   j o i n t ,   a n d  

f rom  t h e   l o w e r   to  t h e   r u d d e r ,   s h o u l d   p r e f e r a b l y   u t i l i s e  

c o r d s   or  c a b l e s   in  t e n s i o n ,   as  t h i s   m e t h o d   i s   g e n e r a l l y  

l i g h t e r ,   c h e a p e r   and  more   r o b u s t   t h a n   a l t e r n a t i v e s   s u c h  

as  p u s h - r o d s   or   h y d r a u l i c   t u b e s .  

The  s t e e r m i n g   s y s t e m   w i l l   t h e r e f o r e   n o r m a l l y  

c o m p r i s e :  

Two  ( o r   m o r e )   t w i s t - g r i p s ,   m o u n t e d   on  t h e   r i g  

s t r u c t u r e .   (At  l e a s t   one  t w i s t - g r i p   i s   m o u n t e d   on  e a c h  

s i d e   of  t h e   r i g ) .  

At  l e a s t   one  r u d d e r ,   f i t t e d   at  or  n e a r   t h e   s t e r n  

o f  t h e   s a i l b o a r d .  

A  c o n n e c t i n g   s y s t e m ,   w h i c h   c o n v e y s   t h e   c o n t r o l  

m o v e m e n t s   f rom  t h e   t w i s t - g r i p s   to   t h e   r u d d e r ( s )   v i a   t h e  

u n i v e r s a l   j o i n t   w h i c h   l i n k s   t h e   r i g   to   t h e   h u l l .  

A d d i t i o n a l   t w i s t - g r i p s   may  be  p r o v i d e d ,   f o r  

e x a m p l e   a c r o s s   t h e   f r o n t   of  t h e   r i g .   In  t h e   c a s e   of  t h e  

t w i n - s a i l   i n v e n t i o n   p r e v i o u s l y   d e s c r i b e d   i t   w i l l   b e  

d e s i r a b l e   to   f i t   an  a d d i t i o n a l   t w i s t - g r i p   on  t h e   f o r w a r d  

c r o s s - s t r u t   ( f o r   use   when  t a c k i n g )   and  p e r h a p s   a l s o   o n  

t h e   r e a r w a r d   c r o s s - s t r u t .   T w i s t   g r i p s   f i t t e d   to  t h e  

s i d e s   of  t h e   r i g   s h o u l d   p r e f e r a b l y   be  m o u n t e d   on  t h e  



booms  o r   e q u i v a l e n t   s t r u c t u r e .   T w i s t   g r i p s   s h o u l d   p r e f e r a b l y  

take   the  form  of  s t r a i g h t   c i r c u l a r   tubes  s u r r o u n d i n g ,   and  c o a x i a l  

w i t h ,   t h e   s t r u c t u r a l   e l e m e n t s   on  w h i c h   t h e y   a r e   m o u n t e d .  

Any  c o n v e n i e n t   m e t h o d   may  be  u t i l i s e d   to   c o n v e y   c o n t r o l  

m o v e m e n t s   t h r o u g h   t h e   u n i v e r s a l   j o i n t ,   b u t   s i m p l e   m e c h -  

a n i c a l   a l t e r a n t i v e s ,   s u c h   as  t h e   s w i v e l   l i n k   -and  s i n g l e  

l i n e   s y s t e m s   o u t l i n e d   a b o v e   a r e   p r e f e r a b l e .  

The  r u d d e r ,   u n i v e r s a l   j o i n t   and  b o o m / t w i s t - g r i p   a s s e m -  

b l i e s   may  be  d e s i g n e d   to   f a c i l i t a t e   t h e i r   f i t m e n t   t o  

e x i s t i n g   t y p e s   of  s a i l b o a r d   h u l l   and  m a s t .  

The  u n i v e r s a l   j o i n t   may  i n c o r p o r a t e   f i t t i n g s   t o  

e n a b l e   i t   to   be  u s e d   w i t h   more  t h a n   one  t y p e   of  r i g ,  

_for   e x a m p l e   w i t h   b o t h   s i n g l e   and  t w i n   s a i l   t y p e s .  

V a r i o u s   e m b o d i m e n t s   and  a s p e c t s   of  t h e   p r e s e n t  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  of  i l l u s t r a t i o n ,  

w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s   in   w h i c h : -  

F i g u r e   1  i s   a  d i a g r a m m a t i c   end  e l e v a t i o n   of  a  t w i n  

s a i l   c r a f t   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   s h o w i n g   t h e  

b a l a n c e   of  f o r c e s   to   w h i c h   i t   i s   s u b j e c t e d   in  u s e ,  

F i g u r e   2  i s   a  s e r i e s   of  d i a g r a m m a t i c   v i e w s   s h o w i n g  

t h e   p o s i t i o n s   of  t h e   s a i l s   of  t h e   c r a f t   of  F i g u r e   1 

w h i l e   t a c k i n g ,  

F i g u r e   3  i s   a  p e r s p e c t i v e   d i a g r a m   s h o w i n g   t h e   b a s i c  

g e o m e t r y   of   t h e   r i g   of  a  c r a f t   as  shown  in  F i g u r e s   1 

and  4 ,  

F i g u r e   4  i s   a  p e r s p e c t i v e   v iew  of  one  e m b o d i m e n t  

of  a  s a i l b o a r d   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,  



F i g u r e   5  i s   an  e l e v a t i o n   of  t h e   u n i v e r s a l   j o i n t  

and  a s s o c i a t e d   p a r t s   of  t h e   s a i l b o a r d   shown  in  F i g u r e   4 ,  

F i g u r e   6  i s   a  p l a n   v i ew   of  t h e   boom  and  c r o s s   s t r u t  

s t r u c t u r e   of  t h e   s a i l b o a r d   of  F i g u r e   4 ,  

F i g u r e   7  i s   an  e n l a r g e d   v iew  of  t h e   s t r u c t u r e   s h o w n  

in  F i g u r e   6  s h o w i n g   d e t a i l s   of  t h e   c o n n e c t i o n   b e t w e e n   a  

boom  and  t h e   r e a r   s t r u t ,  

F i g u r e   8  i s   a  p a r t - s e c t i o n a l   p l a n   v i ew  s i m i l a r   t o  

F i g u r e   7  bu t   s h o w i n g   d e t a i l s   of  t h e   c o n n e c t i o n   b e t w e e n   a  

boom  and  t h e   f o r w a r d   c r o s s - s t r u t .  

F i g u r e   9  i s   c r o s s - s e c t i o n a l   v i ew   t a k e n   on  t h e   l i n e  

V-V  in  F i g u r e   8 ,  

F i g u r e   10  i s   a  s c r a p   p e r s p e c t i v e   v iew  s h o w i n g  

d e t a i l s   of  one  of  t h e   c o n n e c t o r   d e v i c e s   f o r   r e l e a s a b l y  

c o n n e c t i n g   t h e   f o r w a r d   c r o s s - s t r u t   to   one  of  t h e   m a s t s ,  

F i g u r e   10a  i s   a  c r o s s - s e c t i o n a l   v i ew  of  t h e   m a s t  

and  c o n n e c t o r   in  F i g u r e   1 0 ,  

F i g u r e   11  i s   a  s c r a p   f r o n t   e l e v a t i o n   showing  the  me thod  

o f   u s i n g   t h e   c o n n e c t o r   d e v i c e s   shown  in  F i g u r e   10  and  1 0 a  

f o r   s e c u r i n g   t h e   c r o s s - s t r u t   to  a  m a s t ,  

F i g u r e   12  i s   a  p e r s p e c t i v e   v iew  of  t h e   r u d d e r , w i t h  

t h e   o p e r a t i n g   s h e a v e   o m i t t e d ,   of  t h e   s a i l b o a r d   shown  i n  

F i g u r e   4 ,  

F i g u r e   13  i s   a  c r o s s - s e c t i o n   t h r o u g h   t h e   o p e r a t i n g  

s h e a v e   s h o w i n g   t h e   m e t h o d   of  a t t a c h i n g   t h e   c o n t r o l   l i n e ,  

and  t h e   m e t h o d   of  s e c u r i n g   t h e   s h e a v e ,   a n d  

F i g u r e   14  'is  a  f r o n t   e l e v a t i o n   of  t h e   w i s h b o n e   ( a n d  

p a r t   of  t h e   m a s t )   of  a  s i n g l e - m a s t e d   s a i l b o a r d   and  s h o w i n g  

one  e m b o d i m e n t   of  p a r t   of  t h e   s t e e r i n g   c o n t r o l   s y s t e m .  



E i g u r e s   1  and   2  h a v e   a l r e a d y   b e e n   d i s c u s s e d   a b o v e   a n d  

e x p l a i n   t h e   p r i n c i p l e s   and  a d v a n t a g e s   of   p r o v i d i n g   a  s a i l -  

b o a r d   w i t h   a  r i g   c o m p r i s i n g   a  p a i r   of  m a s t s   w h i c h   a r e   l i n k e d  

t o g e t h e r   by  m e a n s   of  a  g e n e r a l l y   q u a d r i l a t e r a l   f r a m e   fo rmed  

f rom  a  p a i r   of  booms  c o n n e c t e d   by  a  f o r w a r d   c r o s s - s t r u t   a n d  

a  r e a r w a r d   c r o s s - s t r u t .  

R e f e r r i n g   to   F i g u r e   4,  t h i s   shows   a  s a i l b o a r d   h a v i n g   a  

h u l l   1  w h i c h   i s   b r o a d l y   s i m i l a r   in   s h a p e ,   o v e r a l l   d i m e n s i o n s  

and  c o n s t r u c t i o n   to   t h e   h u l l s   of  c o n v e n t i o n a l   s a i l b o a r d s ,  

and  i s   e q u i p p e d   w i t h   a  c o n v e n t i o n a l   p i v o t t i n g   c e n t r e b o a r d   1 1 .  

The  r i g   i s   a t t a c h e d   to  t h e   u p p e r   s u r f a c e   ( d e c k )   12  of  t h e  

h u l l   by  a  u n i v e r s a l   j o i n t   3  and  c o m p r i s e s   two  s a i l s   41  a n d  

42  ( o f   s i m i l a r   s i z e ,   s h a p e   and  c h a r a c t e r i s t i c s )   w h i c h   a r e  

h e l d   at  a p p r o x i m a t e l y   90°   to  e a c h   o t h e r   by  a  l a t e r a l   f r a m e   5 

l i n k e d   to   t h e   m a s t s   on  w h i c h   t h e   s a i l s   a r e   s e t .  T h e   f e e t  

of  t h e   m a s t s   43  and  44  a r e   m o u n t e d   on  a  f i t t i n g   31  w h i c h  

f o r m s   t h e   u p p e r   e l e m e n t   of  t he   u n i v e r s a l   j o i n t   3 .  

C o n v e n t i o n a l   s a i l b o a r d   m a s t s   and  s a i l s   a r e   u t i l i s e d .  

I t   i s   p r e f e r a b l e   f o r   t h e   s a i l s   to   be  of  t h e   h i g h   a s p e c t  

r a t i o ,   h i g h   c l e w   t y p e   w h i c h   a r e   a b l e   to   u t i l i s e   r e l a t i v e l y  

s h o r t   b o o m s .  

The  a f t   c o r n e r   ( c l e w )   of  e a c h   s a i l   is   h e l d   in   p o s i -  

t i o n   by  a  c l e w   o u t h a u l   l i n e   w h i c h   i s   c l e a t e d   to   t h e   a f t  

end  of  a  boom,  t h e   f o r w a r d   end  of  w h i c h   i s   s e c u r e d   to   i t s  

r e s p e c t i v e   m a s t .   E a c h   boom  i s   l o c a t e d   a d j a c e n t   to   t h e  



l 
s i d e   of  i t s   r e s p e c t i v e   s a i l   w h i c h   i s   r e m o t e   f rom  t h e   o t h e r  

s a i l .   The  r e l a t i v e   p o s i t i o n s   of  t h e   two  s a i l s   ( a n d   m a s t s  

and  b o o m s )   a r e   m a i n t a i n e d   by  two  c r o s s   s t r u t s   51  and  5 2  

w h i c h   l i n k   t h e   f c r w a r d   and  a f t   e n d s   of  t h e   booms  53  and  5 4 .  

The  l a t e r a l   f r a m e   f o r m e d   by  t he   booms  and  s t r u t s   i s   s t a b i -  

l i s e d   by  c a b l e s   in  t e n s i o n   w h i c h   l i n k   t h e   d i a g o n a l l y   o p p o -  

s i t e   c o r n e r s .  

A  r u d d e r   2  i s   m o u n t e d   a t   t h e   s t e r n   of  t h e   h u l l .   I t s  

c o n s t r u c t i o n   is   b r o a d l y   s i m i l a r   to  o r t h o d o x   s a i l i n g   d i n g h y  

p r a c t i c e   e x c e p t   t h a t   t h e   t i l l e r   i s   r e p l a c e d   by  an  o p e r a t i n g  

s h e a v e   21  w h i c h   i s   c o a x i a l   w i t h   t he   r u d d e r   and  r o t a t e s   w i t h  

i t .  

A  con t ro l   l i n e   61  p a s s e s   r o u n d   s h e a v e   21  to  wh ich '   i t  

is   s e c u r e d   by  a  s c r e w   212  ( s e e   F i g .   1 3 ) .   One  end  of  t h e  

l i n e   i s   a t t a c h e d   to   an  e l a s t i c   c o r d   621  w h i c h   a c t s   as  a  r e t u r n  

s p r i n g :   The  o t h e r   end   of  c o r d   621  i s   a t t a c h e d   to   a  s h o r t  

l e n g t h   of  l i n e   622  w h i c h   i s   s e c u r e d   by  a  c l e a t   623  m o u n t e d  

on  t h e   u p p e r   s u r f a c e   of  t h e   h u l l ,   j u s t   a f t   of  t h e   c e n t r e b o a r d  

s l o t .   The  o t h e r   end  of  c o n t r o l   l i n e   61  r u n s   f o r w a r d   j u s t  

a b o v e   t he   d e c k   and  r o u n d   g u i d e   s h e a v e s   ( n o t   shown  in  F i g . 4 )  

b e f o r e   t u r n i n g   u p w a r d s   to  p a s s   t h r o u g h   t h e   c e n t r e   of  t h e  

u n i v e r s a l   j o i n t   and  t h e n   on  to  a  t u b u l a r   t w i s t   g r i p   6 3 1  

w h i c h   e n c l o s e s   a l l   bu t   t h e   e n d s   of  t h e   f o r w a r d   c r o s s   s t r u t   5 1 .  

The  l i n e   61  p a s s e s   r o u n d   t w i s t   g r i p   631 ,   to   w h i c h   i t   i s  



a t t a c h e d ,   and   i s   t h e n   c o n n e c t e d   to   a  s e c o n d   e l a s t i c   c o r d  

624  w h i c h   a l s o   a c t s   as  a  r e t u r n   s p r i n g .   The  o t h e r   end  o f  

c o r d . 6 2 4   i s   a t t a c h e d   t o   a  s h o r t   l e n g t h   of  l i n e   625  w h i c h  

i s   s e c u r e d   by  a  c l e a t   626  m o u n t e d   on  t h e   u p p e r   e l e m e n t   of   t h e  

u n i v e r s a l   j o i n t .   A d d i t i o n a l   t w i s t   g r i p s   632  and  6 3 3  

e n c l o s e   t h e   f o r w a r d   s e c t i o n s   of  booms  53  and  54  r e s p e c t i v e l y ,  

and  a r e   c o n n e c t e d   to   t w i s t   g r i p   631  so  as  to   r o t a t e   i n  

u n i s o n   w i t h   i t .   Thus   r o t a t i o n   of  a n y  o n e   of  t h e   t w i s t  

g r i p s   c a u s e s   a  c o r r e s p o n d i n g   r o t a t i o n   of  t h e   r u d d e r ,   a n d  o n  

r e l e a s e   of  t h e   t w i s t   g r i p s , t h e   r u d d e r   i s   r e t u r n e d   to  i t s  

e q u i l i b r i u m   p o s i t i o n   by  s p r i n g s   621  and  6 2 4 .  

F i g u r e   6  i s   a  p l a n   v i e w   of  t h e   b a s i c   l a t e r a l   f r a m e   5 ,  

s h o w i n g   booms   53  and   54,  c r o s s   s t r u t s   51  and  5 2 ,  

c r o s s - b r a c i n g   c a b l e s   55  and  56,  and  t w i s t   g r i p s   G31,  6 3 2 ,  

633.   The  m a s t   p o s i t i o n s   a r e   shown  in  s e c t i o n   ( d o t t e d )   b u t  

d e t a i l s   of  f i t t i n g s ,   s a i l s   and  o t h e r   c o m p o n e n t s   a r e   o m i t t e d  

in  t h e - i n t e r e s t s   of  c l a r i t y .  

The  booms  and   s t r u t s   a r e   s t r a i g h t   c i r c u l a r   s e c t i o n  

t u b e s   of  a l u m i n i u m   a l l o y   t h e   e n d s   of  w h i c h   a r e   p l u g g e d   b y  

j o i n t   f i t t i n g s   of  s t r u c t u r a l   p l a s t i c .   The  f i t t i n g s   in   t h e  

c r o s s   s t r u t s   h a v e   p r o j e c t i n g   f o r k s   w h e r e a s   t h o s e   in  t h e  

booms  i n c o r p o r a t e   t o n g u e s   d e s i g n e d   to  e n g a g e   w i t h   t h e   f o r k s .  

The  j o i n t   f i t t i n g s   a r e   f a s t e n e d   t o g e t h e r   by  s t a i n l e s s   s t e e l  

c l e v i s   p i n s   w h i c h   p a s s   t h r o u g h   b o t h   t o n g u e   and  f o r k s ,   a n d  

a r e   s e c u r e d   by  s p r i n g   r e t a i n e r   r i n g s .  

F i g u r e   7  i s   a  p l a n   v i ew  of  t h e   a f t   s t a r b o a r d   c o r n e r   o f  

t h e   f r a m e   5  s h o w i n g   t h e   s t a r b o a r d   boom  54,  w h i c h   h a s  



tongued  j o i n t   f i t t i n g   571;  the  a f t   c ross   s t r u t   52  which  has  a  f o r k e d  

j o i n t   f i t t i n g   572,  a  c l e v i s   pin  581  and  a  r e t a i n e r   r ing   (not  shown) ;  

t h e   c r o s s - b r a c i n g   c a b l e   5Q  w h i c h   has   a  s h a c k l e   561  and  a  

s t r a p   562 ,   a  c l e w   o u t h a u l   451  and  a n  o u t h a u l   c l e a t   4 5 2 .  

The  f o r w a r d   e n d s   of  t he   b r a c i n g   w i r e s   a r e   a t t a c h e d   t o  

b r a c k e t s   m o u n t e d   on  t h e   f o r w a r d   c r o s s   s t r u t ,   d e t a i l s   o f  

w h i c h   a r e   d e s c r i b e d   b e l o w .  

R e f e r r i n g   to  F i g u r e s   8  to  11,  t h e   f o r w a r d   s t r u t   6 3 1  

i s   a t t a c h e d   to  t h e   m a s t s   43  and  44  at  t h e   p o i n t s   w h e r e  

t h e   s a i l   l u f f   s l e e v e s   a r e   c u t   away  to  p e r m i t   a t t a c h m e n t  

to  t he   w i s h b o n e   booms  when  t he   s a i l s   a r e   u s e d   on  c o n v e n -  

t i o n a l   s a i l b o a r d s .   At  t h e s e   p o i n t s   a t t a c h m e n t   f i t t i n g s  

(71  and  72)  a r e   c l a m p e d   to  t he   m a s t s   by  h o s e   c l i p s   7 3 1  

of  t he   t y p e   w h i c h   u t i l i s e   worm  d r i v e s   to  t i g h t e n   f l a t  

s t a i n l e s s   s t e e l   b a n d s .   Each   f i t t i n g   i s   made  f rom  a  s h o r t  

l e n g t h   of  a l u m i n i u m   a l l o y   c h a n n e l   s e c t i o n   of  d i m e n s i o n s  

w h i c h   e n a b l e   i t   to  e n c l o s e   t h e   worm  d r i v e   a s s e m b l i e s   a n d  

t h e   f r e e   e n d s   of  t h e   c l a m p i n g   b a n d s .   Each   band   p a s s e s  

out   t h r o u g h   a  s l o t   in  one  s i d e   of  t he   c h a n n e l   t h e n   r o u n d  

t h e   m a s t   and  b a c k   in  t h r o u g h   a  s l o t   on  t h e   o p p o s i t e   s i d e  

of  t h e   c h a n n e l .   T h i s   a r r a n g e m e n t   i s   shown  in  F i g u r e   1 0 a  

w h i c h   i s   a  c r o s s - s e c t i o n   of  t h e   m a s t   44  and  f i t t i n g   7 2  

t a k e n   on  t h e   c e n t r e - l i n e   of  t h e   h o s e   c l i p   731 .   E a c h  

a t t a c h m e n t   f i t t i n g   i s   c l a m p e d   to  i t s   r e s p e c t i v e   m a s t   b y  

two  h o s e   c l i p s .  



Each   f i t t i n g   c a r r i e s   a  s p i g o t   740  p e r p e n d i c u l a r   to  i t s  

b a s e ,   w h i c h   e n g a g e s   w i t h   a  h o l e   in  t h e   a f t   f a c e   of  t h e   f o r w a r d  

c r o s s   s t r u t .   The  s p i g o t   c o m p r i s e s   a  s h o r t   l e n g t h   of  h a r d  

n y l o n   t u b i n g   741  f a s t e n e d   to  t h e   f i t t i n g   72  a t   or  n e a r   t o  

t h e   c e n t r e   of  i t s   b a s e   by  a  c h e e s e h e a d   b o l t   742  s e c u r e d   b y  

a  s t i f f   n u t   ( n o t   s h o w n )   w i t h i n   t h e   c h a n n e l   s e c t i o n .  

The  s p i g o t   i s   h e l d   in  e n g a g e m e n t   w i t h   t h e   s t r u t   b y  

a  r e t a i n i n g   l i n e   744  w h i c h ,   f r o m  a   s t o p   k n o t   w i t h i n   t h e  

f i t t i n g   p a s s e s   o u t   t h r o u g h   a  h o l e   745  in  t h e   b a s e   of  t h e  

c h a n n e l   a d j a c e n t   to   t h e   s t r u t ,   t h e n   r o u n d   t h e   s t r u t   a n d  

b a c k   t h r o u g h   a  s e c o n d   h o l e   746  in  t h e   c h a n n e l   b a s e   b e f o r e  

e m e r g i n g   f rom  t h e   end  of  t h e   c h a n n e l   w h e r e   i t   i s   c l e a t e d  

in  a  Vee  n o t c h   747  in  t h e   c h a n n e l   b a s e   ( s e e   F i g u r e   1 1 ) .  

The  o t h e r   end  of  t h e   l i n e   l e a v e s   t h e   o t h e r   end  of  t h e  

c h a n n e l   w h e r e   i t   i s   c l e a t e d   in  a  s e c o n d   Vee  n o t c h   7 4 8 . -  

The  two  f r e e   e n d s   a r e   t h e n   t i e d   t o g e t h e r   o v e r   t h e   s t r u t   t 

as  a  f u r t h e r   s e c u r i t y   m e a s u r e .  

F i g u r e   10  shows   one  of  t h e   f i t t i n g s   c l a m p e d   to  a  m a s t ,  

w i t h   t h e   s t r u t   and  r e t a i n i n g   l i n e   o m i t t e d   f o r   c l a r i t y .  

F i g u r e   5  shows   d e t a i l s   of  t h e   u n i v e r s a l   j o i n t   a s s e m b l y  

3  and  a s s o c i a t e d   Y - p i e c e   31.  T h e - u p p e r   p a r t   of  t h e   j o i n t  

i s   shown  as  s e e n   f rom  a  p o s i t i o n   b e n e a t h   t h e   c e n t r e   of  t h e  

a f t   c r o s s   s t r u t   5 2 .  

The  f e e t   of  m a s t s   43  and  44  a r e   p l u g g e d   by  t h e   u p p e r  

two  l e g s   of  a  Y - p i e c e   31  of  s t r u c t u r a l   p l a s t i c .   The  t h i r d  



( c e n t r a l )   l e g   i s   f o r k e d   and  s t r a d d l e s   a  t h i c k   a l u m i n i u m  

a l l o y   d i s c   32  to  w h i c h   i t   i s   s e c u r e d   by  p i v o t   b o l t s   3 2 1 .  

The  Y - p i e c e   a l s o   c a r r i e s   t h e   c l e a t s   626  and  462  to   w h i c h  

t h e   l i n e   625  and  t h e   s a i l   d o w n h a u l s   461  r e s p e c t i v e l y   a r e  

s e c u r e d .  

Each   p i v o t   b o l t   p a s s e s   f i r s t l y   t h r o u g h   a  w a s h e l   3 2 2  

then  through  a  hard  nylon  bush  (not  shown)  p r e s sed   in to   one  p r o n g  

of  the  Y-piece   and  a  second  washer  (not  shown)  be fo re   being  s c r e w e d  

i n t o   t h e   d i s c .   The  b o l t   i s   l o c k e d   in  c o r r e c t   a d j u s t m e n t  

by  l o c k i n g   w i r e   325  p a s s i n g   t h r o u g h   a  h o l e   d r i l l e d   t h r o u g h  

t h e   d i s c   and  t h e   end  of  t h e   b o l t .  

The  c e n t r e   of  t h e   d i s c   is   p i e r c e d   by  a  h o l e ,   p e r p e n d i -  

c u l a r   to  t h e   p l a n e   of  t h e   d i s c ,   i n t o   w h i c h   i s   p r e s s e d   a  

t h i n   w a l l e d   s t a i n l e s s   s t e e l   bush   326  b e l l - m o u t h e d   fit  b o t h  

e n d s ,   w h i c h   a c t s   as  a  f a i r l e a d   f o r   t h e   r u d d e r   c o n t r o l   l i n e   6 1 .  

A  s t a i n l e s s   s t e e l   U - p i e c e   33  i s   l o c a t e d   b e n e a t h   t h e  

d i s c   and  a t t a c h e d   to  i t   by  p i v o t   b o l t s   331  w h i c h   a r e   p o s i -  

t ' i o n e d   on  an  a x i s   at  r i g h t   a n g l e s   to  t h a t   of  p i v o t   b o l t s   3 2 1 .  

The  b o l t s   331  p a s s   t h r o u g h   s t a i n l e s s   s t e e l   w a s h e r s   3 3 2  

and  t h e   t o n g u e s   of  t h e   U - p i e c e   b e f o r e   b e i n g   s c r e w e d   i n t o  

t h e   d i s c   and  l o c k e d   in  t h e   same  way  as  b o l t s   3 2 1 .  

The  U - p i e c e   33  i s   p i v o t a l l y   c o n n e c t e d   to  t h e   b a s e  

b r a c k e t   34  by  a  h o l l o w   s t a i n l e s s   s t e e l   b o l t   351  w h i c h   i s  

s e c u r e d   by  nu t   352 .   The  n u t ,   b o l t   and  b a s e   b r a c k e t   a r e  

a l l   of  s t a i n l e s s   s t e e l ,   and  t h e   nu t   s h o u l d   be  a  s e l f - l o c k i n g  



t y p e   as  a  t r a n s v e r s e   s p l i t   p i n   w o u l d   i m p e d e   t h e   p a t h  

of  t h e   r u d d e r   c o n t r o l   l i n e   t h r o u g h   t h e   c e n t r e   of  t h e   b o l t .  

Hard   n y l o n   w a s h e r s   353  a r e   i n t e r p o s e d   b e t w e e n   t h e   b o l t  

h e a d ,   U - p i e c e ,   b a s e   b r a c k e t   and  n u t .   The  l o n g i t u d i n a l  

a x i s   of  t h e   b o l t   351  r e p r e s e n t s   t he   yaw  a x i s   of  t h e   r i g ,  

and  p a s s e s   t h r o u g h   t h e   c e n t r e   of  t h e   d i s c   32.  Each   e n d  

of  t h e   h o l e   t h r o u g h   t h e   b o l t   i s   c o u n t e r s u n k   and  d e - b u r r e d  

to  m i n i m i s e   t h e   p o s s i b i l i t y   of  wear   of  t he   r u d d e r   c o n t r o l  

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

The  b a s e   b r a c k e t   34  i s   f a b r i c a t e d   f rom  a  s i n g l e   s h e e t  

of  s t a i n l e s s   s t e e l   and  i s   s q u a r e   in  p l a n f o r m .   From  t h e  

s q u a r e   u p p e r   s u r f a c e   t h e   s h e e t   i s   t u r n e d   to  fo rm  f o u r  

s i d e s .   At  t h e   b o t t o m   of  t h r e e   of  t h e   s i d e s   t h e   s h e e t   i s  

t u r n e d   o u t w a r d s   to  fo rm  f l a n g e s   w h i c h   a r e   s c r e w e d   to  t h e  

d e c k   of  t h e   h u l l .   The  b o t t o m   of  t h e   f o u r t h   s i d e   i s   t u r n e d  

i n w a r d s   to   f o rm  a  f l a n g e   w h i c h   e x t e n d s   p a r a l l e l   to   a n d  

s l i g h t l y   a b o v e   t h e   d e c k .   The  b a s e   b r a c k e t   i s   p o s i t i o n e d  

w i t h   one   of  i t s   d i a g o n a l s   a l i g n e d   w i t h   t he   l o n g i t u d i n a l  

a x i s   of  t h e   h u l l   as  t h i s   s i m p l i f i e s   t h e   r o u t e i n g   of  t h e  

r u d d e r   c o n t r o l   l i n e   so  as  to  a v o i d   t h a t   p a r t   of  t he   c e n t r e -  

b o a r d   w h i c h   may  p r o t r u d e   a b o v e   t h e   d e c k .  

A  g u i d e   s h e a v e   341  i s   m o u n t e d   on  a  s h o u l d e r e d   p i n   3 4 2  

and  l o c a t e d   l a t e r a l l y   by  space r   tubes   (not  shown)  and  washers   (not  shown) .  

The  e n d s   of  t h e   p i n   a r e   c a r r i e d   in  h o l e s   in  two  s i d e s   o f  

t h e   b a s e   b r a c k e t   and  a r e   r e t a i n e d   by  b e i n g   p e e n e d   o v e r   o n  

t h e   o u t s i d e   of  t h e   b r a c k e t .   The  s h e a v e   i s   p o s i t i o n e d   t o  

e n s u r e   t h a t   t h e   u p w a r d - g o i n g   p a r t   of  t h e   r u d d e r   c o n t r o l  

l i n e   l e a v e s   i t s   p e r i p h e r y   a l o n g   t h e   a x i s   of  t h e   h o l l o w  

b o l t   3 5 1 .  



A  s e c o n d   g u i d e   s h e a v e   345  i s   m o u n t e d   on  a  s e c o n d  

s h o u l d e r e d   p i n   346  and  i s   l o c a t e d   v e r t i c a l l y   by  s p a c e r  

t u b e   347  and  w a s h e r s   348.   The  e n d s   of  p i n   346  a r e   c a r r i e d  

in  h o l e s   in  t h e   i n w a r d   t u r n e d   f l a n g e   and  t h e   t o p   of  t h e  

b a s e   b r a c k e t   and  s e c u r e d   in  t he   same  way  as  p i n   3 4 2 .  

A f t e r   l e a v i n g   t h e   b o t t o m   of  t h e   p e r i p h e r y   of  s h e a v e  

341  t he   r u d d e r   c o n t r o l   l i n e   61  t u r n s   t h r o u g h   a p p r o x i m a t e l y  

45°  r o u n d   s h e a v e   345  b e f o r e   l e a v i n g   t he   b a s e   b r a c k e t  

t h r o u g h   a  c l e a r a n c e   s l o t   319,   cu t   in  t he   s i d e   w h i c h   h a s  

t h e   i n w a r d   t u r n e d   f l a n g e .  

A  s w i v e l   l i n k   may  be  p r o v i d e d   in  t h e   c o n t r o l   l i n e   6 1 ,  

l o c a t e d   w i t h i n   t h e   u n i v e r s a l   j o i n t   a s s e m b l y   in  o r d e r   t o  

p r e v e n t   t w i s t i n g   of  t h e   c o n t r o l   l i n e   as  a  r e s u l t   of  y a w i n g  

( r o t a t i o n )   of  t h e   r i g   a b o u t   a  v e r t i c a l   a x i s .   A l t e r n a t i v e l y ,  

or  a d d i t i o n a l l y ,   a  s w i v e l   l i n k   may  be  p r o v i d e d   in  t h e  

l i n e   61  a t   some  p o i n t   b e t w e e n   t he   u n i v e r s a l   j o i n t   and  t h e ,  

t w i s t   g r i p   631  m o u n t e d   on  t he   f o r w a r d   c r o s s - s t r u t .  

The  u n i v e r s a l   j o i n t   a s s e m b l y   s h o u l d   p r e f e r a b l y   b e  

f i t t e d   w i t h   c i r c u l a r   s e c t i o n   p l a s t i c   foam  f a i r i n g s   a n d  

t h e n   s h r o u d e d   by  a  m o u l d e d   r u b b e r   g a i t e r ,   b o t h   to  m i n i m i s e  

t he   i n g r e s s   of  s a n d   e t c   and  a l s o   to  p r o t e c t   t h e   c r ew   f r o m  

. i n j u r y   by  t h e   c o m p a r a t i v e l y   s h a r p   c o r n e r s   of  t h e   s t r u c t u r a l  

c o m p o n e n t s .   The  g a i t e r   and  f a i r i n g s   a r e   no t   e s s e n t i a l   f o r  

t h e   o p e r a t i o n   of  t h e   r i g   and  have   b e e n   o m i t t e d   f rom  t h e  

d i a g r a m s   in  t h e   i n t e r e s t s   of  c l a r i t y .  

The  d i s p o s i t i o n   of  t he   t w i s t   g r i p s   on  t h e   l a t e r a l   f r a m e  

i s   shown  in  F i g u r e s   4  and  6.  Each  t w i s t   g r i p   i s   a  s t r a i g h t  

c i r c u l a r   t u b e   of  a  s e m i - r i g i d   p l a s t i c   s u c h   as  p o l y e t h y l e n e .  



( E x c e s s i v e   r i g i d i t y   c o u l d   c a u s e   b i n d i n g   of  t h e   t w i s t   g r i p   i f  

t h e   s t r u t   or   boom  w h i c h   i t   e n c l o s e d   e x p e r i e n c e d   b e n d i n g   u n d e r  

o p e r a t i o n a l   l o a d s ) .   The  t w i s t   g r i p s   a r e   l o c a t e d   l o n g i -  

t u d i n a l l y   by  end   s t o p s   c o m p r i s i n g   t h i c k   s t a i n l e s s   s t e e l  

w a s h e s   w h i c h   a r e   b e n t   to  c o n f o r m   w i t h   t h e   p r o f i l e   of  t h e  

boom    s t r u t   to   w h i c h   t h e y   a r e   p o p - r i v e t t e d .  

R e f e r r i n g   to   F i g u r e s   8  a n d  9   a  s t e e r i n g   l i n k   i s   p r o v i -  

ded  a t   t h e   f o r w a r d   s t a r b o a r d   c o r n e r   of  t h e   l a t e r a l   f r a m e   5 

b e t w e e n   t w i s t   g r i p s   631  and  633.   One  end  of  c o n n e c t i n g  

l o o p   6 1 1  i s   p e r m a n e n t l y   c l a m p e d   to   t h e   f o r w a r d   t w i s t   g r i p  

631  by  h o s e   c l i p   651  w h i c h   i t   c r o s s e s   u n d e r   on  i t s   w a y  

r o u n d   t h e  t w i s t   g r i p .   From  t w i s t   g r i p   631  t h e   u p p e r   a n d  

l o w e r   l e g s   of  t h e   c o n n e c t i n g   l o o p   p a s s   r o u n d   g u i d e   s h e a v e s  

661  m o u n t e d   on  b r a c k e t   671 ,   and  t h e n   on  to  t h e   f o r w a r d   e n d  

of  t w i s t  g r i p   633  to   w h i c h   t h e y   a r e   c l a m p e d   by  h o s e   c l i p   6 5 2 .  

( T h i s   c l i p   i s   s l a c k e n e d   and  t h e   l o o p   f r e e d   when  t h e   f r a m e  i s  

d i s m a n t l e d   f o r   t r a n s p o r t ) .  

As  can  be  s e e n   b e s t   in  F i g u r e   9,  s h e a v e s   661  a r e   m o u n t e d   i n  

b r a c k e t   671  f o r   r o t a t i o n   on  p i n   662  w h i c h   i s   s e c u r e d   b y  

s p r i n g   r e t a i n i n g   r i n g   663 .   The  b r a c k e t   i s   f a s t e n e d   to  t h e  

f o r w a r d   c r o s s   s t r u t   by  pop  r i v e t s   664  and  a l s o   p r o v i d e s   a n  

a n c h o r a g e   f o r   t h e   f o r w a r d   end  of  c r o s s - b r a c i n g   c a b l e   55,  v i a  

s h a c k l e   5 5 1 .  

The  r u d d e r   c o n t r o l   l i n e   61  i s   c l a m p e d   to   t h e   c e n t r e   o f  



t h e   f o r w a r d   t w i s t   g r i p   by  a n o t h e r   h o s e   c l i p .   M i d - w a y  

b e t w e e n   t h i s   p o i n t   and  t h e   u n i v e r s a l   j o i n t   t h e   c o n t r o l  

l i n e   i n c o r p o r a t e s   a  s w i v e l   l i n k   w h i c h   e n a b l e s   t h e   r i g  

to  r o t a t e   f r e e l y   in  yaw  w i t h o u t   i m p o s i n g   e x c e s s i v e   t w i s t  

on  t h e   c o n t r o l   l i n e .   The  l i n e   can   be  u n s h a c k l e d   f r o m  

one  end  of  t h i s   l i n k   when  t h e   r i g   i s   d i s m a n t l e d   f o r  

t r a n s p o r t .  

R e f e r r i n g   to  F i g u r e   12,  t h e   r u d d e r   a s s e m b l y   2  i s  

a t t a c h e d   to  t h e   h u l l   by  a  s t a i n l e s s   s t e e l   b r a c k e t   24  

w h i c h   i s   i t s e l f   s c r e w e d   to   t h e   t r a n s o m   1 2 0 .  

The  r u d d e r   b l a d e   25  i s   c l a m p e d   b e t w e e n   t h e   s i d e s  

of  a  deep   c h a n n e l   26  f o r m e d   f rom  h e a v y   g a u g e   a l u m i n i u m  

a l l o y   s h e e t ,   by  a  p i v o t   b o l t   251  and  a   s t e e l   nut  ( n o t  

v i s i b l e   in  t h i s   v i e w ) .   The  t o p   of  t h i s   c h a n n e l   i s  

s t a b i l i s e d   by  a n o t h e r   a l u m i n i u m   a l l o y   c h a n n e l   2 6 1  

w h i c h   i s   f a s t e n e d   to  i t   by  pop  r i v e t s   262 .   A n o t h e r   r 

s t a i n l e s s   s t e e l   b r a c k e t   263  i s   pop  r i v e t t e d   to   t h e  

f o r w a r d   f a c e   ( b a s e )   of  t h e   deep   c h a n n e l   26,  and  i s   a  

r u n n i n g   f i t   w i t h i n   b r a c k e t   24  when  t h e   r u d d e r   i s   a t t a c h e d  

to  t h e   h u l l .  

The  r u d d e r   o p e r a t i n g   s h e a v e   ( o f   n y l o n   or   a c e t a l )  

i s   m o u n t e d   on  t h e   t o p   of  t h e   s t a i n l e s s   s t e e l   r u d d e r   p i n  

23.  On  a s s e m b l y ,  t h e   p i n   i s   p a s s e d   down  t h r o u g h   h o l e s   i n  

b r a c k e t s   24  and  263 ,   l o c k i n g   t hem  t o g e t h e r   b u t   l e a v i n g  

t h e   r u d d e r   f r e e   to  r o t a t e   a b o u t   t h e   p i n .   The  p i n   i s  

r e t a i n e d   in  t h i s   p o s i t i o n   by  a  s t a i n l e s s   s t e e l   s p r i n g  

s t r i p   211  w h i c h   i s   s c r e w e d   to  t h e   u n d e r - s i d e   of   t h e  

s h e a v e   21.   The  s t r i p   i s   b e n t   to   a  p r o f i l e   w h i c h   e n s u r e s  



t h a t  a s   t h e   s h e a v e   i s   p u s h e d   d o w n w a r d s ,  t h e   s t r i p   e n t e r s  

t h e   t o p   of  c h a n n e l   26.   As  t h e   s h e a v e   r e a c h e s   i t s  

o p e r a t i n g   p o s i t i o n ,  t h e   r e a r w a r d   p a r t   of  t h e   s t r i p  

s p r i n g s   a f t   and  a  s t e p   2111  f o r m e d   in  i t s   p r o f i l e  

e n g a g e s   w i t h   t h e   u n d e r - s i d e   of  c h a n n e l   261 .   T h i s  

a c t i o n   l o c k s   t h e   s h e a v e   in  i t s   o p e r a t i n g   p o s i t i o n  

u n l e s s   and  u n t i l   t h e   s p r i n g   s t r i p   i s   d e l i b e r a t e l y  

c o m p r e s s e d   and  p u l l e d   u p w a r d s .  

The  w i d t h   of   t h e   s t r i p   i s   c h o s e n   to   be  a  c l o s e  

r u n n i n g   f i t   i n s i d e   c h a n n e l   26,  t h u s   e n a b l i n g   i t   t o  

t r a n s m i t   t h e   s t e e r i n g   m o m e n t s   f rom  t h e   s h e a v e   21  t o  

t h e   c h a n n e l   2 6 .  

The  r u d d e r   c o n t r o l   l i n e   61,  w h i c h   i s   p r e f e r a b l y  

cf  b r a i d e d   c o n s t r u c t i o n ,   i s   f a s t e n e d   to  t h e   r e a r w a r d  

p a r t   of  t h e   s h e a v e   21  by  a  s c r e w   212  w h i c h   p a s s e s  

t h r o u g h   t h e   c e n t r e   of  t h e   l i n e .   A d d i t i o n a l   s e c u r i t y   i s  

p r o v i d e d   by  c l a m p i n g   p r e s s u r e   a p p l i e d   v i a   w a s h e r   2 1 3 .  

F i g u r e   13  i s   a  s e c t i o n   t h r o u g h   t h e   s h e a v e   s h o w i n g   t h e  

p o s i t i o n   of   t h e   c o n t r o l   l i n e   when  c l a m p e d   by  t h e   s c r e w  

2 1 2 .  

A l t h o u g h   i t   i s   no t   p r a c t i c a b l e   to   u s e   t w i s t  

g r i p s   on  c u r v e d   w i s h b o n e   booms  and  i s   d i f f i c u l t   t o  

a r r a n g e   a  s a t s i f a c t o r y   d r i v e   f rom  s t r a i g h t - s i d e d   w i s h -  

b o n e s ,   n e v e r t h e l e s s   mos t   of   t h e   c o m p o n e n t s   of  t h e  

s t e e r i n g   s y s t e m   f o r   t w i n   s a i l   r i g s   can  be  u t i l i s e d  

u n c h a n g e d   in  a  s i n g l e   m a s t e d   s a i l b o a r d .  

The  same  r u d d e r   a s s e m b l y   can  be  u s e d   w i t h o u t  



m o d i f i c a t i o n ,   as  can  mos t   of  t h e   u n i v e r s a l   j o i n t  

a s s e m b l y .   The  e x c e p t i o n   is   t h e   n e e d   to  r e p l a c e   t h e  

Y - p i e c e   w i t h   an  e q u i v a l e n t   c o m p o n e n t   d e s i g n e d   f o r   u s e  

w i t h   a  s i n g l e   m a s t .   The  r e p l a c e m e n t   c o m p o n e n t   i s  

p l u g g e d   i n t o   t h e   f o o t   of  t h e   m a s t   and  i s   m o u l d e d   f r o m  

s t r u c t u r a l   p l a s t i c .   The  m o u l d i n g   i n c o r p o r a t e s   m o u n t i n g s  

f o r   g u i d e   s h e a v e s   w h i c h   d i v e r t   t h e   r u d d e r   c o n t r o l   l i n e  

f rom  t h e   a x i s   of  t h e   m a s t   to  a  p o s i t i o n   a h e a d   of  i t .  

The  t w i s t   g r i p   p r o b l e m   i s   o v e r c o m e   by  u t i l i s i n g  

r o t a t i o n   of  t h e   w i s h b o n e   a b o u t   i t s   l o n g i t u d i n a l   a x i s  

to  o p e r a t e   t h e   r u d d e r   as  shown  in  F i g u r e   1 4 .  

F i g u r e   14  shows   a  f r o n t   e l e v a t i o n   of  a n  

o r t h o d o x   w i s h b o n e   406  and  p a r t   of  a  mas t   403  of  a  

c o n v e n t i o n a l   s i n g l e - m a s t e d   s a i l b o a r d ,   e . g .   as  s h o w n  

in  B r i t i s h   P a t e n t   No  1 5 5 1 4 2 6 .   The  w i s h b o n e   has   a  

s t r a i g h t   c r o s s - s t r u t   406  w h i c h   i s   m o u n t e d   on  t h e   m a s t  

by  means   of  a  f i t t i n g   407  s i m i l a r   to  t h a t   shown  i n  

F i g u r e s   10  and  10a .   The  s p i g o t   of  t h e   f i t t i n g   4 0 7  

e n g a g e s   in  a  h o l e   in  t h e   r e a r   of  t h e   c r o s s - s t r u t   4 0 6 ,  

and  t h e   w i s h b o n e   i s   h e l d   in  p l a c e   by  a  l a s h i n g   of  t h e  

k i n d   shown  in  F i g u r e   11.  T h i s   l a s h i n g   w o u l d   p e r m i t  

l i m i t e d   r o t a t i o n   of  t h e   w i s h b o n e   a b o u t   i t s   l o n g i t u d i n a l  

a x i s ,   e . g .   a b o u t   30° .   M o u n t e d   on  a  s e c o n d   s p i g o t  

p r o j e c t i n g   f rom  t h e   same  f i t t i n g   407 ,   i s   a  s h o r t  

r o c k e r   b a r   401 .   A  r u d d e r   c o n t r o l   l i n e   125  i s   a t t a c h e d  

to  one  end  of  t h e   r o c k e r   b a r   401 ,   w h i l e   an  e l a s t i c  

c o r d   405  i s   a t t a c h e d   to  t h e   o t h e r   end .   The  r u d d e r  

c o n t r o l   l i n e   125  i s   g u i d e d   a r o u n d   a  s h e a v e   ( n o t   s h o w n )  



t h r o u g h   a  s l o t   in  t h e   f r o n t   of  t h e   u n i v e r s a l   j o i n t  

a s s e m b l y   and  t h e n   a r o u n d   one  or  more   f u r t h e r   s h e a v e s  

w i t h i n   t h e   a s s e m b l y   so  t h a t   i t  e m e r g e s   f r o m   a n o t h e r  

s l o t   a l o n g   a  p a t h   s i m i l a r   to   r u d d e r   l i n e   61  in  F i g u r e  

4.  The  r u d d e r ,   s h e a v e   and  r e t u r n   s p r i n g   a r e   e s s e n t i a l l y  

s i m i l a r   to   t h e   a r r a n g e m e n t   shown  in  F i g u r e   4.  E l a s t i c  

c o r d   405  i s   s e c u r e d   at   t h e   end  r e m o t e   f rom  t h e   r o c k e r  

b a r   4 6 1  t o   a  c l e a t   ( n o t   s h o w n )   on  t h e   m a s t   and  a c t s  

as  a  r e t u r n   s p r i n g   to   c o u n t e r   t h e   r e t u r n   s p r i n g   on  t h e  

deck   ( e q u i v a l e n t   to  s p r i n g   621  in  F i g u r e   4)  and  t h e r e b y  

h o l d   t h e   r u d d e r   in  t he   n e u t r a l   p o s i t i o n   in  t h e   a b s e n c e  

of  any  d e l i b e r a t e   c o n t r o l   i n p u t .   A  s w i v e l   l i n k   w o u l d  

n o r m a l l y   be  p r o v i d e d   in  t h e   c o n t r o l   l i n e   1 2 5 .  

I t   w i l l   be  a p p r e c i a t e d t h a t   s m a l l   m o v e m e n t s   ( e g .  

p o s s i b l y   i n v o l u n t a r y   v a r i a t i o n s )   of  t h e   w i s h b o n e   a b o u t  

i t s   l o n g i t u d i n a l   a x i s   ( i e .   a b o u t   i t s   s p i g o t   on  f i t t i n g  

407)   w i l l   h a v e   n o  e f f e c t   on  t he   r u d d e r .   H o w e v e r ,   l a r g e  

m o v e m e n t s   w i l l   c a u s e   t h e   w i s h b o n e   to  t o u c h   t h e   r o c k e r  

b a r   and  c a u s e   t h e   r u d d e r   to  be  d e f l e c t e d   in  one  d i r e c t i o n  

or   t h e   o t h e r ,   d e p e n d i n g   on  t h e   d i r e c t i o n   of  r o t a t i o n a l  

m o v e m e n t   of   t h e   w i s h b o n e .  

The  s e n s i t i v i t y   or  " g e a r   r a t i o "   of  t h e   s t e e r i n g  

s y s t e m   can  be  v a r i e d   by  a l t e r i n g   t h e   d i s t a n c e   of   t h e   p o i n t  

of  a t t a c h m e n t   of  t h e   c o n t r o l   l i n e   125  f r o m   t h e   s p i g o t  

a b o u t   w h i c h   t h e   w i s h b o n e   r o t a t e s .  

Of  c o u r s e ,   t h e   r u d d e r   c o n t r o l   l i n e   125  c o u l d ,  

a l t e r n a t i v e l y   be  c o n n e c t e d   d i r e c t l y   to  t h e   w i s h b o n e   b u t   t h i s  



w o u l d   mean  t h a t   t h e   c rew  w o u l d   n e e d   to  h o l d   t h e   w i s h b o n e  

v e r y  s t e a d i l y   in  o r d e r   to  a v o i d   r e p e a t e d   v a r i a t i o n   in  t h e  

c o u r s e   s a i l e d .  

O p e r a t i o n   of  T w i n - S a i l e d   C r a f t   in  a c c o r d a n c e  w i t h   t h e  

i n v e n t i o n s   d e s c r i b e d   h e r e i n  

The  f o l l o w i n g   n o t e s   r e f e r   to  a  s i n g l e - h a n d e d   s a i l -  

b o a r d   u t i l i s i n g   b o t h   t h e   t w i n   s a i l   r i g   and  t h e   s t e e r i n g  

s y s t e m .  

At  h i g h   s p e e d s   t h e   r i g   may  t e n d   to  l i f t   t h e   c r e w  

o f f   t h e   b o a r d ,   and  so ,   a l t h o u g h   o m i t t e d   f rom  t h e   a c c o m p a n y i n g  

d r a w i n g s , t h e   p r o v i s i o n   of  t o e   s t r a p s   i s   a d v i s a b l e .  

I t   s h o u l d   be  n o t e d   t h a t   t h i s   d i s c u s s i o n   d o e s   n o t  

r e f e r   to   t h e   c a s e   of  r u n n i n g   b e f o r e   t h e   w i n d ,   e x c e p t  

w h e r e   e x p r e s s l y   s t a t e d .  

T h e r e   a r e   two  d i s t i n c t   c l a s s e s   of  r i g   p o s i t i o n .  

In  t he   more   i m p o r t a n t   c l a s s ,   one  s a i l   is   n o r m a l l y   v e r t i c a l  

( a n d   in  t h a t   p o s i t i o n   p e r f o r m s   s i m i l a r   f u n c t i o n s   to  t h e   m a i n  

s a i l   of  a  d i n g h y ) ,   w h e r e a s   t h e   o t h e r   s a i l   i s   a p p r o x i m a t e l y  

h o r i z o n t a l .   In  t h e   o t h e r   c l a s s , t h e   s a i l   p o s i t i o n s   a r e   a p p r o x -  

i m a t e l y   s y m m e t r i c a l   a b o u t   a  v e r t i c a l   p l a n e .  

In  t h e   f i r s t   c l a s s ,  t h e   c rew  holds  t h e   t w i s t - g r i p  

on  t h e   w i n d w a r d   boom.  T h i s   e n a b l e s   him  to  s u p p o r t   t h e  

r i g ,   and  to  r o t a t e   i t :  

1)  In  p i t c h ,   a b o u t   a  l a t e r a l   a x i s ,   to  c o n t r o l  

t h e   i n c i d e n c e   of  t h e   " h o r i z o n t a l "   s a i l .  

2)  In  yaw,  a b o u t   a  v e r t i c a l   a x i s ,   to  c o n t r o l  

t h e   i n c i d e n c e   of  t h e   v e r t i c a l   s a i l .  



3)  In  r o l l ,   a b o u t   a  l o n g i t u d i n a l   a x i s ,   t o  

e x c h a n g e   t h e   f u n c t i o n s   of   t h e   two  s a i l s   when  t a c k i n g  

or   g y b i n g .  

R o t a t i o n   of   t h e   t w i s t - g r i p   i t s e l f   o p e r a t e s   t h e  

r u d d e r .   In  a d d i t i o n   to   s t e e r i n g , t h e   r u d d e r   p r o v i d e s  

d i r e c t i o n a l   s t a b i l i t y   in   t h e   same  way  as  t h e   s k e g   o f  

a  c o n v e n t i o n a l   s a i l b o a r d .  

When  s a i l i n g   on  a  s t e a d y   c o u r s e ,   t h e   c r e w ' s  

o b j e c t i v e   i s   n o r m a l l y   to   m a x i m i s e   f o r w a r d   s p e e d   w h i l s t  

r e t a i n i n g   c o n t r o l .   As  w i t h   c o n v e n t i o n a l   c r a f t   t h e   p r i m e  

c o n c e r n   i s   t h e   c o n t r o l   of   r o l l .   H o w e v e r ,   w i t h   t h e   t w i n  

s a i l   r i g   v e r t i c a l   m o v e m e n t   c o u l d   a l s o   p r e s e n t   d i f f i c u l t i e s .  

Two  r e g i o n s   can  be  d i s t i n g u i s h e d .  

" C r i t i c a l "  -   w h e r e   t h e   l i f t   f o r c e   g e n e r a t e d   b y  

t h e   " h o r i z o n t a l "   s a i l   a p p r o a c h e s   t h e   t o t a l   w e i g h t   of  t h e  

c r e w   and  s a i l b o a r d .  

" S u b - c r i t i c a l "  -   w h e r e   t h e   l i f t   f o r c e   i s   s i g n i f i -  

c a n t l y   l e s s   t h a n   t h e   t o t a l   w e i g h t .  

A l t h o u g h   s u r f a c e   c o n d i t i o n s   can  c a u s e   c o m p l i c a t i o n s ,  

t h e   ma in   d i s t u r b i n g   f a c t o r   i s   v a r i a t i o n   of  w i n d   s p e e d   a n d  

d i r e c t i o n .   The  t e c h n i q u e s   a v a i l a b l e   to  c o u n t e r   t h e s e  

d i s t u r b a n c e s   d e p e n d   on  t h e   r e g i m e   in  w h i c h   t h e   s a i l b o a r d  

i s   o p e r a t i n g .  

I t   i s   c o n v e n i e n t  t o   c o n s i d e r   t h e   " S u b - c r i t i c a l "  

c a s e   f i r s t .   V a r i a t i o n s   of  w i n d   s p e e d   h a v e   s i m i l a r   e f f e c t s  

on  b o t h   s a i l s ,   and   so  to   a  l a r g e   e x t e n t   c o m p e n s a t i o n   f o r  

t h e s e   c h a n g e s   i s   a u t o m a t i c .   H o w e v e r ,   as  t h e   " h o r i z o n t a l "  

s a i l   i s   n e a r e r   t h e   s u r f a c e ,   i t   w i l l   e x p e r i e n c e   a  l o w e r  



a v e r a g e   w i n d   s p e e d ,   and  so  t h e   s a i l   r o l l i n g   m o m e n t s   w i l l  

no t   r e m a i n .   e x a c t l y   b a l a n c e d .   N e v e r t h e l e s s ,   t h e   a d d i t i o n a l  

m a n u a l   a d j u s t m e n t s   r e q u i r e d   w i l l   be  r e l a t i v e l y   s m a l l   a n d  

s h o u l d   p r e s e n t   no  d i f f i c u l t y .  

C h a n g e s   in  w ind   d i r e c t i o n   a r e   no t   a u t o m a t i c a l l y  

c o m p e n s a t e d ,   s i n c e   t h e i r   e f f e c t   on  t h e   v e r t i c a l   s a i l   i s  

much  g r e a t e r   t h a n   on  t he   " h o r i z o n t a l "   s a i l .   When  o p e r a t i n g  

in  t h e   " S u b - c r i t i c a l "   r e g i m e   t h e   c rew  has   t h r e e   t e c h n i q u e s  

a v a i l a b l e   to  c o u n t e r   t h e s e   d i s t u r b a n c e s .   For   e x a m p l e ,  

i f ,   as  a  r e s u l t   of  a  c h a n g e   of  w i n d   d i r e c t i o n ,   t h e   v e r t i c a l  

s a i l   f o r c e   i n c r e a s e s   by  a  g r e a t e r   a m o u n t   t h a n   t h e  

" h o r i z o n t a l "   s a i l   f o r c e ,   he  m a y :  

1)  Lean   b a c k   and  p u l l   on  t h e   boom,  as  w i t h   a  

c o n v e n t i o n a l   s a i l b o a r d .  

2)  R o t a t e   t h e   r i g   a b o u t   t h e   v e r t i c a l   ( y a w i n g )  

a x i s   to   r e d u c e   t h e   i n c i d e n c e   of  t he   v e r t i c a l   s a i l .  

3)  R o t a t e   t h e   r i g   a b o u t   t h e   l a t e r a l   ( p i t c h i n g )  

' a x i s   to  i n c r e a s e   t h e   i n c i d e n c e   of  t h e   " h o r i z o n t a l "   s a i l .  

(The  c o n v e r s e   of  t h e s e   a c t i o n s   can  of  c o u r s e   b e  

u s e d   to  c o u n t e r   a  r e d u c t i o n   of  v e r t i c a l   s a i l   f o r c e . )  

A l t h o u g h   any  of  t h e   t e c h n i q u e s   may  be  u s e d  

a l o n e ,   or  in  c o m b i n a t i o n   w i t h   one  or   b o t h   of  t h e   o t h e r s ,  

t h e   f i r s t   has   t h e   d i s a d v a n t a g e s   w h i c h   h a n d i c a p   t h e  

c o n v e n t i o n a l   s a i l b o a r d   and  i s   no t   r e c o m m e n d e d .   O f  

t h e   o t h e r s , t h e   s e c o n d   t e n d s   to   m a i n t a i n   t h e   f o r c e s   a n d  

f o r w a r d   s p e e d   e x i s t i n g   p r i o r   to   t h e   d i s t u r b a n c e .   By 

c o n t r a s t ,   t h e   t h i r d   i n c r e a s e s   b o t h   f o r c e s   and  s p e e d   a n d  



so  t a k e s   t h e   o p e r a t i o n   c l o s e r   to  t h e   " C r i t i c a l "  

r e g i m e .  

For   t h e   " C r i t i c a l "   r e g i m e   i t   i s   c o n v e n i e n t  

to   c o n s i d e r   t h e   v a r i a t i o n   of   w i n d   d i r e c t i o n   f i r s t .  

A l t h o u g h   t h e   same  t h r e e   t e c h n i q u e s   a r e   n o m i n a l l y  

a v a i l a b l e   ( t o   c o u n t e r   an  i n c r e a s e   of  v e r t i c a l   s a i l  

f o r c e ) ,   a d d i t i o n a l   c o n s t r a i n t s   a p p l y .  

F i r s t l y , l e a n i n g   b a c k   i s   e v e n   l e s s   d e s i r a b l e  

as  a d d i t i o n a l   body   m o v e m e n t   w o u l d   make  p r e c i s e   c o n t r o l  

of  t h e   r i g   more   d i f f i c u l t .  

S e c o n d l y ,   i n c r e a s i n g   t h e   " h o r i z o n t a l "   s a i l  

f o r c e  t o   b a l a n c e   t h e   v e r t i c a l   s a i l   c o u l d   l e a d   to  t h e  

l i f t  e x c e e d i n g   t h e   t o t a l   w e i g h t   of   s a i l b o a r d   and  c r e w ,  

and  to  t h e   b o a r d   l e a v i n g   t h e   w a t e r .   A l t h o u g h   s u c h   a n  

o c c u r r e n c e   c o u l d   r e d u c e   h y d r o d y n a m i c   r e s i s t a n c e ,   i t  

w o u l d   a l s o   c a u s e   a  r e d u c t i o n ,   and  p o s s i b l y   t o t a l   l o s s  

of  d i r e c t i o n a l   c o n t r o l   and  s h o u l d   t h e r e f o r e   be  a v o i d e d .  

(An  e x c e p t i o n   i s   t h e   c a s e   of  d e l i b e r a t e   j u m p i n g   w h e r e  

t h e   c rew  may  u s e   t h e   p e r f o r m a n c e   of  t h e   t w i n   s a i l   r i g  

to  a t t a i n   a  h i g h   s p e e d   b e f o r e   d e l i b e r a t e l y   i n c r e a s i n g  

t h e   i n c i d e n c e   of  one  or   b o t h   s a i l s   w i t h   t h e   i n t e n t i o n  

of  l e a v i n g   t h e   w a t e r ) .   H o w e v e r ,   t h e   s a i l   r o l l i n g   m o m e n t s  

mus t   be  b a l a n c e d   and  so  in  t h i s   c a s e   t h e   c r e w   has   n o  

o p t i o n   b u t   to  r e d u c e   t h e   i n c i d e n c e   of   t h e   v e r t i c a l  

s a i l .   T h u s , t h e   n e e d   f o r   t h e   d a g g e r   b o a r d   and  r u d d e r  

to  r e m a i n   i m m e r s e d   f o r   n o r m a l   o p e r a t i o n   s e t s   an  u p p e r  

l i m i t   to   t h e   l i f t   f o r c e ,   and  h e n c e   to  t h e   p r o p u l s i v e  



f o r c e   w h i c h   can  be  b a l a n c e d .   ( N e v e r t h e l e s s , t h i s   m a x i m u m  

p r o p u l s i v e   f o r c e   i s   s i g n i f i c a n t l y   h i g h e r   t h a n   t h a t   w h i c h  

c o u l d   be  a t t a i n e d   by  a  c o n v e n t i o n a l   s a i l b o a r d ) .  

I n c r e a s e s   of  wind   s p e e d   w h i c h   o c c u r   in  t h e  

" C r i t i c a l "   r e g i m e   c a n n o t   be  c o u n t e r e d   by  " a u t o m a t i c  

c o m p e n s a t i o n "   s i n c e   t h i s   w o u l d   p r o b a b l y   r e q u i r e   e x c e s s i v e  

l i f t .   C o n s e q u e n t l y ,   in  t h i s   c a s e , t h e   c rew  mus t   c o u n t e r  

t h e   c h a n g e   by  r e d u c i n g   t h e   i n c i d e n c e   of  b o t h   s a i l s .  

A l t h o u g h , w h e n   s a i l i n g   on  a  s t e a d y   c o u r s e , r o l l  

s t a b i l i t y   and  t h e   a v o i d a n c e   of  " t a k e - o f f "   a r e   t h e   m a j o r  

c o n t r o l   p r o b l e m s ,   t h e   c r ew   mus t   a l s o   m a i n t a i n   s a t i s f a c t o r y  

l o n g i t u d i n a l   t r i m .   As  t h e r e   a r e   no  a e r o d y n a m i c   f a c t o r s  

to  a s s i s t   h im,   he  must   c o n t r o l   t r i m   by  m o v e m e n t   of  h i s  

own  w e i g h t   a l o n g   t h e   b o a r d .  

The  s e c o n d   c l a s s   of  r i g   p o s i t i o n s   c o m p r i s e s  

v a r i a t i o n s   w h i c h   may  p r o v e   u s e f u l   in  p a r t i c u l a r   c i r c u m -  

s t a n c e s .  

F i r s t l y ,   f o r   c l o s e - h a u l e d   and  r e a c h i n g   c o u r s e s  

in  v e r y   l i g h t   w i n d s ,   r o l l   s t a b i l i t y   i s   no t   a  p r o b l e m ,  

t h e   p o t e n t i a l   r e d u c t i o n   of  d i s p l a c e m e n t   due  to  l i f t   i s  

n e g l i g i b l e ,   and  t h e   g e n e r a t i o n   of  maximum  p r o p u l s i v e  

f o r c e   i s   t h e   p r i m e   c o n s i d e r a t i o n .   I t   i s   t h e r e f o r e  

p r e f e r a b l e   f o r   b o t h   s a i l s   to   c o n t r i b u t e   to  p r o p u l s i o n .  

Wi th   b o t h   s a i l s   s e t   at  45°  to  t h e   h o r i z o n t a l , t h e   v e r t i c a l  

f o r c e   c o m p o n e n t s   c a n c e l   o u t ,   and  t h e   sum  of  t h e  

h o r i z o n t a l   c o m p o n e n t s   i s   n o m i n a l l y   41%  g r e a t e r   t h a n  



t h e   h o r i z o n t a l   f o r c e   a v a i l a b l e   w i t h   one  of   t h e   s a i l s  

s e t   v e r t i c a l l y .   In  p r a c t i c e , a e r o d y n a m i c   i n t e r a c t i o n  

b e t w e e n   t h e   s a i l s   ( a n d   w i t h   t h e   c r e w )   w o u l d   r e d u c e   t h i s  

i n c r e m e n t ,   a l t h o u g h   some  a d v a n t a g e   w o u l d   p r o b a b l y   r e m a i n .  

(The  c rew  w o u l d   be  o b l i g e d   to  s t a n d   u p w i n d   r a t h e r   t h a n   t o  

t h e   s i d e   of  t h e   r i g ) .  

S e c o n d l y ,   when  r u n n i n g   b e f o r e   t h e   w i n d ,   t h e   r i g  

may  be  t i l t e d   f o r w a r d   s y m m e t r i c a l l y   ( w i t h   t h e   m a s t s   n e a r  

h o r i z o n t a l )   to   i n c r e a s e   t h e   p r o j e c t e d   c r o s s - w i n d   a r e a   o f  

t h e   r i g   by  a b o u t   41%.  A l t h o u g h   t h e   c e n t r e   of  a r e a   i s   t h e n  

l o w e r   t h a n   n o r m a l ,   and  so  e n c o u n t e r s   l o w e r   w i n d   s p e e d s ,   a  

n e t   g a i n   of  p r o p u l s i v e   f o r c e   i s   l i k e l y .   T h i s   g a i n   i s  

of  p a r t i c u l a r   s i g n i f i c a n c e   in   l i g h t   w i n d s .  

P a r a d o x i c a l l y ,   t h i s   m e t h o d   of  r u n n i n g   b e f o r e   t h e  

w i n d   may  a l s o   be  of   u s e   when  t h e   w i n d   i s   t o o   s t r o n g   f o r  

t h e   r i g   to  be  c o n t r o l l a b l e   w i t h   one  s a i l   v e r t i c a l .   I n  

t h i s   c a s e , t h e   s y m m e t r i c a l   c o n s t r u c t i o n   and  d i s p o s i t i o n  

of  t h e   r i g   w o u l d   m i n i m i s e   r o l l i n g   and  y a w i n g   m o m e n t s   a n d  

t h e   p r o b a b i l i t y   of  c a p s i z e ,   e s p e c i a l l y   i f   t h e   c rew  r a i s e d  

t h e   d a g g e r   b o a r d   and  c r o u c h e d   or   s a t   n e a r   t h e   s t e r n .  

C o n t r o l   in   s u c h   s i t u a t i o n s   w o u l d   be  i m p r o v e d   by  t h e  

p r o v i s i o n   of  r i g   u p h a u l s   a t t a c h e d   to  t h e   a f t   e n d s   of  t h e  

b o o m s .   The  c r e w   c o u l d   u s e   t h e s e   t o g e t h e r ,  t o   l i f t   t h e  

r i g   s l i g h t l y   ( a n d   r e d u c e   t h e   d a n g e r   of   wave  i m p a c t   o n  

t h e   m a s t s ) ,   and  d i f f e r e n t i a l l y   to  p r o v i d e   a  l i m i t e d   f o r m  

of  s t e e r i n g .  

A l t h o u g h   t h e   s y m m e t r i c a l   u s e s   of  t h e   r i g   o u t l i n e d  

a b o v e   may  y i e l d   i m p r o v e d   p e r f o r m a n c e   in  p a r t i c u l a r  



c i r c u m s t a n c e s ,   t h e y   s h o u l d   be  r e g a r d e d   p r i m a r i l y   a s  

e x p e d i e n t s   w h i c h   may  be  e m p l o y e d   to  cope   w i t h   u n e x p e c t e d  

c h a n g e s   of  w i n d   s t r e n g t h   w h i l s t   a f l o a t .  

B e f o r e   g o i n g   a f l o a t , t h e   c r ew   s h o u l d   a s s e s s   t h e  

e x i s t i n g   and  e x p e c t e d   wind   s t r e n g t h s   and  a d j u s t   t h e   r i g  

c o n f i g u r a t i o n   a c c o r d i n g l y .   I d e a l l y   t h e   a d j u s t m e n t s   w o u l d  

c o m p r i s e :  

1)  S e l e c t i n g   t h e   s i z e   of  s a i l s   to   be  u s e d ,   a s  

w i t h   c o n v e n t i o n a l   s a i l b o a r d s .  

2)  S e t t i n g   t h e   i n t e r - s a i l   a n g l e   and  r o l l   p i v o t  

h e i g h t   a c c o r d i n g   to  wind   s t r e n g t h   and  w a t e r   c o n d i t i o n s .  

With   l i g h t   w i n d s   and  s m o o t h   w a t e r ,  t h e   r i g   c o u l d   be  r a i s e d  

and  t h e   i n t e r - s a i l   a n g l e   i n c r e a s e d   to   i m p r o v e   e f f i c i e n c y .  

Wi th   h i g h   w i n d s , t h e   r i g   w o u l d   be  l o w e r e d   to  m i n i m i s e   t h e  

r o l l i n g   moment   arm  of  t h e   v e r t i c a l   s a i l ,   and  t h e   i n t e r -  

s a i l   a n g l e   r e d u c e d   to  i m p r o v e   wave  c l e a r a n c e .  

A l t h o u g h   m a k i n g   t h e s e   a d j u s t m e n t s   i s   p r i m a r i l y , a  

p r e p a r a t o r y   t a s k ,   i t   i s   p o s s i b l e   to  p r o v i d e   m o d i f i c a t i o n s  

of  t h e   r i g   as  d e s c r i b e d   a b o v e   w h i c h   i n c o r p o r a t e   f e a t u r e s  

e n a b l i n g   r i g   h e i g h t   and  i n t e r - s a i l   a n g l e   to  be  c h a n g e d  

w h i l s t   a f l o a t .  

The  t e c h n i q u e s   i n v o l v e d   in  t h e   two  b a s i c   m a n o e -  

u v r e s   of  t a c k i n g   and  g y b i n g   d i f f e r   c o n s i d e r a b l y   f r o m  

t h e i r   e q u i v a l e n t s   f o r   c o n v e n t i o n a l   s a i l b o a r d s .   The  m a i n  

r e a s o n   f o r   t h i s   d i f f e r e n c e   i s   t h e   r e q u i r e m e n t   f o r   t h e  

two  s a i l s   to  e x c h a n g e   f u n c t i o n s   as  t h e   wind   moves   r o u n d  

to  t h e   o p p o s i t e   s i d e   of  t he   b o a r d .  

The  g y b i n g   p r o c e d u r e   is   t h e   more   c o m p l e x   a s ,   i n  



a d d i t i o n   to  t h e   90°  " r o l l "   by  w h i c h   t h e   s a i l s   e x c h a n g e  

f u n c t i o n ,   t h e   r i g   mus t   r o t a t e   by  a p p r o x i m a t e l y   180°  i n  

p l a n .   ( R i g   r o t a t i o n   in  p l a n   d u r i n g   t a c k i n g   i s   much  l e s s ,  

t y p i c a l l y   a b o u t   4 5 ° ) .  

The  p r e c e d i n g   d e s c r i p t i o n   has   c o v e r e d   t h e   b a s i c  

c o n c e p t s ,   c o n s t r u c t i o n   and  p a r t i c u l a r   e m b o d i m e n t s   a n d  

some  o p t i o n a l   f e a t u r e s .  

In  a  f u r t h e r   a s p e c t ,   t h e   i n v e n t i o n   a l s o   r e l a t e s  

to  s a i l b o a r d s   in  w h i c h   a  w a t e r   r u d d e r   i s   p r o v i d e d   w h i c h  

i s   o p e r a b l e   by  a  s i n g l e   c r ew   member   w i t h o u t   i n v o l v i n g   a  

r o t a t i o n a l   s t e e r i n g   c o n t r o l   ( s u c h   as  a  t w i s t   g r i p  m o u n t e d  

on  one  of  t h e   b o o m s ) .   T h i s   c o n c e p t   i n c l u d e s   a  t i l l e r  

a t t a c h e d   to  t h e   r u d d e r   and  w h i c h   can  be  h e l d   in  a  s e r i e s  

of  f i x e d   p o s i t i o n s .   A  s u i t a b l e   c o n s t r u c t i o n   may  c o m p r i s e  

a  r a c k   m o u n t e d   on  t h e   deck   of  t h e   h u l l ,   t h e   n o t c h e s   i n  

t h e   r a c k   b e i n g   d i m e n s i o n e d   to  c o r r e s p o n d   w i t h   t h e   p r o f i l e  

of  t h e   t i l l e r .   O b v i o u s l y ,   o t h e r   c o n s t r u c t i o n s   a r e   p o s s i b l e ,  

s u c h   as  a  s e r i e s   c f   p i n s   w h i c h   e n g a g e   in   a  h o l e   in  t h e  

t i l l e r   The  t i l l e r   w o u l d   i n c l u d e   a  l i n k   to   t h e   r u d d e r  

so  t h a t   i t   can  be  r e a d i l y   d i s e n g a g e d   f rom  one  n o t c h   a n d  

e n g a g e d   w i t h   a n o t h e r .   At  t h e   end  of  t h e   t i l l e r   r e m o t e  

f rom  t h e   r u d d e r ,   i t   w o u l d   be  c o n v e n i e n t   to  p r o v i d e   s o m e  

means   f o r   g r a s p i n g   t h e   t i l l e r   to  l i f t   i t   and  move  i t  

l a t e r a l l y .   T h i s   may  i n c l u d e   an  e x t e n s i o n   arm  or  even   a  

r i n g   or   l o o p   so  t h a t   t h e   t i l l e r   c o u l d   be  moved  by  t h e  

c r e w ' s   f o o t .   W i t h   s u c h   a  s t e e r i n g   a r r a n g e m e n t   i t   w o u l d  



be  p o s s i b l e   f o r   t h e   c rew  to  make  r a p i d   c h a n g e s   o f  

c o u r s e   ( e s p e c i a l l y   when  w e a r i n g   a  h a r n e s s   c o n n e c t e d  

to  t h e   boom)  bu t   w o u l d   no t   n e e d   to  h o l d   t h e   t i l l e r  

c o n t i n u o u s l y .  



1.  A  w i n d - p r o p e l l e d   c r a f t   w h i c h   c o m p r i s e s   a  h u l l   s u p p o r t i n g  

a  p a i r   of  u n s t a y e d   m a s t s   a r r a n g e d   to   p i v o t   a b o u t   an  a x i s   l y i n g  

in  an  a p p r o x i m a t e l y   h o r i z o n t a l   p l a n e   b e t w e e n   a  f i r s t   p o s i t i o n ,  

in  w h i c h   one  m a s t   e x t e n d s   s u b s t a n t i a l l y   v e r t i c a l l y   and  t h e   o t h e r  

e x t e n d s   g e n e r a l l y   a t   r i g h t - a n g l e s   t h e r e t o   away  f rom  t h e   h u l l ,  

and  a  s e c o n d   p o s i t i o n  i n   w h i c h   t h e   r e l a t i v e   c o n f u g u r a t i o n   o f  

e   m a s t s   i s   r e v e r s e d ,   e a c h   m a s t ,   in  u s e ,   h a v i n g   a  s a i l   a t t a c h e d  

whereto   or  i n c o r p o r a t i n g   an  a e r o f o i l   so  t h a t   one  s a i l  o r   a e r o -  

f u l l   can   be  t r i m m e d   to   t h e   w i n d   to  p r o v i d e   f o r w a r d   p r o p u l s i o n  

w h i l e   t h e   o t h e r   s a i l  o r   a e r o f o i l  s i m u l t a n e o u s l y   p r o v i d e s   u p w a r d  

l i f t   t e n d i n g   to   c o u n t e r a c t   r o l l i n g   or   h e e l i n g   f o r c e   a p p l i e d   t o  

t h e  h u l l   by  w i n d   i m p i n g i n g   on  t h e   f i r s t   s a i l  o r   a e r o f o i l .  

2.  A  c r a f t   as  c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e   two  m a s t s  

a r e  l i n k e d   t o g e t h e r   so  t h a t   t h e   a n g l e   i n c l u d e d   b e t w e e n   t h e  

p l a n e s   of   t h e  s a i l s   or   a e r o f o i l s   i s   f r o m   a b o u t   75°  to  1 0 5 0 .  

3.  A  c r a f t   as  c l a i m e d   in  c l a i m   1  o r   c l a i m   2,  w h e r e i n   t h e  

l i n k a g e   b e t w e e n   t h e   m a s t s   i s   a d j u s t a b l e ,   t h e r e b y   a l l o w i n g   t h e  

a n g l e   i n c l u d e d   t h e r e b e t w e e n   to   be  v a r i e d .  

4.  A  c r a f t   as  c l a i m e d   in  any  one  of   t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   t h e   m a s t s   a r e   m o u n t e d   on  a  common  u n i v e r s a l   j o i n t  

a s s e m b l y   w h i c h   p e r m i t s   t h e   m a s t s   to  p i v o t   a b o u t   t h r e e   m u t u a l l y  

p e r p e n d i c u l a r   a x e s .  

5.  A  c r a f t   as  c l a i m e d   in  c l a i m   4,  w h e r e i n   t h e   common 

j o i n t   i s   a d j u s t a b l e   in  h e i g h t   a b o v e   t h e   deck   of   t h e   h u l l .  



6.  A  c r a f t   as  c l a i m e d   in  a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s ,  

w h e r e i n   t h e   s a i l s   or   a e r o f o i l s   a r e   c o n n e c t e d   by  c r o s s - s t r u t s  

at  t h e i r   l e a d i n g   and  t r a i l i n g   e d g e s .  

7.  A  c r a f t   as  c l a i m e d   in  c l a i m   6,  w h e r e i n   t h e   e f f e c t i v e  

l e n g t h   of  one  or  b o t h   c r o s s - s t r u t ( s )   i s   a d j u s t a b l e   so  as  t o  

p r o v i d e   a  means   f o r   v a r y i n g   the   r e l a t i v e   a t t i t u d e   of  t h e  

s a i l s   or  a e r o f o i l s .  

8.  A  c r a f t   as  c l a i m e d   in  c l a i m   6,  w h e r e i n   t h e   c r o s s - s t r u t  

w h i c h   c o n n e c t e s   t h e   l e a d i n g   e d g e s   i s   s h o r t e r   t h a n   t h e   c r o s s -  

s t r u t   w h i c h   c o n n e c t s   t h e   t r a i l i n g   e d g e s .  

9.  A  s a i l b o a r d   w h i c h   c o m p r i s e s   a  h u l l   and  a  j o i n t   a s s e m b l y  

h a v i n g   an  u n s t a y e d   m a s t   s t r u c t u r e   m o u n t e d   t h e r e o n   f o r  

p i v o t i n g   m o v e m e n t   a b o u t   an  a x i s   l y i n g   in  an  a p p r o x i m a t e l y  

h o r i z o n t a l   p l a n e ,   s a i d   mas t   s t r u c t u r e   c o m p r i s i n g   a  p a i r   o f  

m a s t s   e a c h   c o n n e c t e d   at  one  end  to  t h e   j o i n t   a s s e m b l y   so  a s  

to   i n c l u d e   b e t w e e n   them  an  a n g l e   f rom  a b o u t   75°  to   1 0 5 ° ,  

e a c h   mas t   c a r r y i n g   a  s a i l   a t t a c h e d   at  one  e d g e   t h e r e o f   t o  

t h a t   m a s t ,   a  f i r s t   c r o s s - s t r u t   l i n k i n g   t h e   m a s t s ,   a  p a i r   o f  

booms  e a c h   c o n n e c t e d   at  one  end  to  a  mas t   and  at  t he   o t h e r  

end  to  a  f r e e   end  of  i t s   a s s o c i a t e d   s a i l ,   and  a  s e c o n d   c r o s s -  

s t r u t   w h i c h   c o n n e c t s   t h e   e n d s   of  t h e   booms  r e m o t e   f rom  t h e  

m a s t s   so  as  to  d e f i n e ,   w i t h   t h e   booms  and  f i r s t   c r o s s - s t r u t , a  

q u a d r i l a t e r a l   f r a m e   w h i c h   e n a b l e s   a  s i n g l e   c r ew   member   t o  

t r i m   one  s a i l   to  t h e   w i n d   to  p r o v i d e   f o r w a r d   p r o p u l s i o n  

w h i l e   s i m u l t a n e o u s l y   t r i m m i n g   t h e   o t h e r   s a i l   to  t h e   w i n d   t o  

p r o v i d e   l i f t   at  t h e   l e e w a r d   s i d e   of  t h e   b o a r d .  



10.   A  s a i l b o a r d   as  c l a i m e d   in  c l a i m   9,  w h e r e i n  t h e r e  

i s   a s s o c i a t e d   w i t h   e a c h   boom  a  s t e e r i n g   c o n t r o l   and  m e a n s  

r e s p o n s i v e   to   t h e   m o v e m e n t   of  s a i d   c o n t r o l   f o r   t r a n s m i t t i n g  

s a i d   m o v e m e n t   to   a  w a t e r   r u d d e r .  

11.  A  s a i l b o a r d   as  c l a i m e d   in  c l a i m   10,  w h e r e i n   s a i d  

s t e e r i n g   c o n t r o l   c o m p r i s e s   a  t w i s t   g r i p   w h i c h   i s   r o t a t a b l y  

m o u n t e d   on  e a c h   s a i d   boom  and  i s   c o n n e c t e d   by  a t   l e a s t   o n e  

c o n t r o l   l i n e   to   s a i d   r u d d e r .  

12.  A  s a i l b o a r d   as  c l a i m e d   in  c l a i m   11,  w h e r e i n   s a i d  

c o n t r o l   l i n e   i s   c o n s t r a i n e d   to   f o l l o w   a  p a t h   w h i c h   p a s s e s  

t h r o u g h   s a i d   j o i n t   a s s e m b l y .  

-13.  A  s a i l b o a r d   w h i c h   c o m p r i s e s   a  h u l l   and  a  u n i v e r s a l  

j o i n t   a s s e m b l y   h a v i n g   an  u n s t a y e d   s i n g l e   mas t   s t r u c t u r e  

m o u n t e d   t h e r e o n   f o r   p i v o t i n g   m o v e m e n t   a b o u t   t h r e e   m u t u a l l y  

p e r p e n d i c u l a r   a x e s ,   s a i d   m a s t   s t r u c t u r e   i n c l u d i n g   a  m a s t  

h a v i n g   a  s a i l   a t t a c h e d   at   one  s i d e   t h e r e o f   to  t h e   m a s t   a n d  

a  f r a m e   c o m p r i s i n g   a  p a i r   of  boom  m e m b e r s   c o n n e c t e d   at   o n e  

end   to   t h e   m a s t   and  at  t h e   o t h e r   to  a  f r e e   end   of  t h e   s a i l  

so  t h a t   t h e   s a i l   e x t e n d s   b e t w e e n   t h e   b o o m s ,   and  s t e e r i n g  

means   c o m p r i s i n g   a  w a t e r   r u d d e r   c o n n e c t e d   by  a t   l e a s t   o n e  

c o n t r o l   l i n e   p a s s i n g   t h r o u g h   t h e   r e g i o n   of  s a i d   u n i v e r s a l  

j o i n t   a s s e m b l y   and   a c t u a t a b l e   by  m o v e m e n t   of   s a i d   booms  o r  

a  h a n d   c o n t r o l   a s s o c i a t e d   t h e r e w i t h .  

14.  A  s a i l b o a r d   as  c l a i m e d   in   c l a i m   14,  w h e r e i n   s a i d  

c o n t r o l   l i n e   i s   c o n n e c t e d   to  a  r o c k e r   b a r   m o u n t e d   on  s a i d  

m a s t   and  a r r a n g e d   to  p i v o t   a b o u t   an  a x i s   p e r p e n d i c u l a r  



to   t h e   m a s t ,   s a i d   r o c k e r   b a r   b e i n g   a c t u a t a b l e   by  c o n t a c t  

w i t h   one  of  s a i d   booms  when  r a i s e d   or   l o w e r e d   by  a  c r e w  

m e m b e r .  

15.  A  s a i l b o a r d   s t e e r i n g   s y s t e m   w h e r e i n   e a c h   b o o m  

i n c l u d e s   or  i n c o r p o r a t e s   a  r o t a t a b l e   s t e e r i n g   c o n t r o l  

d e v i c e   and  means   r e s p o n s i v e   to  r o t a t i o n a l   m o v e m e n t   o f  

s a i d   c o n t r o l   f o r   t r a n s m i t t i n g   s u c h   m o v e m e n t , o r   a  s i g n a l  

r e l a t e d   t h e r e t o , t o   a  r u d d e r .  

16.  A  s t e e r i n g   s y s t e m   as  c l a i m e d   in  c l a i m   15,  w h e r e i n  

t h e   means   r e s p o n s i v e   to  r o t a t i o n a l   m o v e m e n t   c o m p r i s e s   o n e  

or   more  l i n e s   or  c a b l e s   c o n n e c t e d   to  t h e   r u d d e r .  

17.  A  s t e e r i n g   s y s t e m   as  c l a i m e d   in  c l a i m   15  or   c l a i m  

16,  w h e r e i n   t h e   means   r e s p o n s i v e   to  r o t a t i o n a l   m o v e m e n t   o f  

t h e   s t e e r i n g   c o n t r o l   p a s s e s   t h r o u g h   the   j o i n t   by  w h i c h   t h e  

mas t   i s   s u p p o r t e d   on  t h e   h u l l .  
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