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A  single  point  mooring  tower  structure  with  rigid  arm. 

@  The  invention  provides  a  permanent  single  point  moor- 
ing  structure  in  which  the  vessel  (1)  is  moored  to  a  single 
point  mooring  tower  structure  (4)  via  a  rigid  arm  assembly 
(11,  12).  The  vessel  (1)  and  rigid  arm  assembly  (11,  12)  are 
free  to  rotate  about  the  vertical  axis  (9)  of  the  tower  struc- 
ture  (4).  The  rigid  arm  assembly  (11,  12)  is  connected  to  the 
vessel  by  a  hinge  arrangement  (13,  14,  15,  16)  and  to  the 
turntable  (8)  of  the  tower  structure  by  two  tension  members 
(23,  24).  The  rigid  arm  assembly  (23,  24)  is  ballasted  at  the 

V"  towerend  (19,  20).  These  ballast  weights  (21,  22)  provide  a 
atf  stable  pendulum  in  combination  with  the  tension  members 

(23,  24).  The  weight  of  the  rigid  arm  (11,  12)  and  its  ballast 
1^  (21,  22),  and  the  loading  on  the  tension  members  (23,  24) 
J"*  combine  to  produce  a  restoring  force  and  moment  which 
1^  prevent  the  vessel  (1)  from  moving  away  or  from  riding  up  to 
O)  the  tower  structure  (4),  or  jack-knifing  of  the  assembly  when 

the  vessel  (1)  is  affected  by  any  combination  of  wind,  waves 
@O  and  current. 
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  The  invention  provides  a  permanent  single  point  moor- 
ing  structure  in  which  the  vessel  (1)  is  moored  to  a  single 
point  mooring  tower  structure  (4)  via  a  rigid  arm  assembly 
(11,  12).  The  vessel  (1)  and  rigid  arm  assembly  (11, 12)  are 
free  to  rotate  about  the  vertical  axis  (9)  of  the  tower  struc- 
ture  (4).  The  rigid  arm  assembly  (11, 12)  is  connected  to  the 
vessel  by  a  hinge  arrangement  (13,  14,  15,  16)  and  to  the 
turntable  (8)  of  the  tower  structure  by  two  tension  members 
(23,  24).  The  rigid  arm  assembly  (23,  24)  is  ballasted  at  the 
towerend  (19,  20).  These  ballast  weights  (21,  22)  provide  a 
stable  pendulum  in  combination  with  the  tension  members 
(23,  24).  The  weight  of the  rigid  arm  (11,  12)  and  its  ballast 
(21,  22),  and  the  loading  on  the  tension  members  (23,  24) 
combine  to  produce  a  restoring  force  and  moment  which 
prevent  the  vessel  (1)  from  moving  away  or  from  riding  up  to 
the  tower  structure  (4),  or  jack-knifing  of  the  assembly  when 
the  vessel  (1)  is  affected  by  any  combination  of  wind,  waves 
and  current. 



The  i n v e n t i o n   r e l a t e s   to   a  s i n g l e   p o i n t   m o o r i n g   s t r u c t u r e  

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

p e r m a n e n t l y   to   be  m o o r e d   to   i t .   The  s i n g l e   p o i n t   m o o r i n g   i s  

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

body   of  w a t e r ,   w h i l e   t h e   v e s s e l   i s   c o u p l e d   to   t h e   t o w e r  

by  a  r i g i d   arm  a s s e m b l y   w h i c h   s e r v e s   to   h o l d   t h e   v e s s e l  

away  f rom  t h e   t o w e r .   T h i s   a s s e m b l y   i s   a t   one  end  p i v o t a b l y  

h i n g e d  a r o u n d   a  h o r i z o n t a l   a x i s   a f f i x e d   to   t h e   bow  of   t h e  

v e s s e l ,   and  a t   t h e   o t h e r   end  i t   i s   c o u p l e d   to   t h e   t o w e r  

s t r u c t u r e   in  s u c h   a  m a n n e r   t h a t   t h e   v e s s e l   i s   f r e e   to   s w i n g  

a b o u t   t h e   v e r t i c a l   a x i s   of  t h e   s t r u c t u r e   by  means   of  a  

t u r n t a b l e   on  t o p   of  t h e   t o w e r   s t r u c t u r e   and  two  s u s p e n s i o n  

m e m b e r s   f i x e d   to   t h e   r i g i d   arm  a s s e m b l y .   N o r m a l l y ,  

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

to   a  buoy   or  a  s i m i l a r   e l a s t i c   p o i n t   to   a l l o w   f o r   t h e  

i n d e p e n d e n t   m o t i o n s   of  t h e   v e s s e l   in   t h e   w a v e s .   I t   i s ,  

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

s t r u c t u r e   by  a  r i g i d   arm  as  t h i s   w i l l   r e s u l t   in  e x t r e m e l y  

h i g h   f o r c e s .  

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

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



s u r f a c e   of  a  b o d y   of  w a t e r   to   t h e   f l o o r   of  t h a t   body   o f  

w a t e r ,   w h i c h   a l l o w s   t h e   maximum  of  f r e e d o m   of  m o t i o n   b e t w e e n  

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

r e s t o r i n g   f o r c e   and  moment   to   r e s t r i c t   t h e   h o r i z o n t a l  

d i s p l a c e m e n t   of  t h e   v e s s e l   and  r i g i d   arm  in   r e l a t i o n   t o   t h e  

t o w e r   in   a l l   d i r e c t i o n s   w i t h o u t   any  d r i v i n g   means   and   w h i c h  

w i l l   p r e v e n t   c o l l i s i o n   b e t w e e n   v e s s e l   and  t o w e r   u n d e r   a n y  
c o m b i n a t i o n   of  w i n d ,   w a v e s   and  c u r r e n t .   T h i s   i s   a c h i e v e d  

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

f l o o r   of  s a i d   body   of  w a t e r ,   t h e   v e s s e l   t o   be  c o n n e c t e d  

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

c o n n e c t e d   a t   i t s   v e s s e l e n d   in   an  " i n   p r i n c i p l e "   h o r i z o n t a l l y  

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

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

arm  a s s e m b l y   b e i n g   c o n n e c t e d   to   s a i d   t u r n t a b l e   by  means   o f  

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

e n d s   of  t h e   r i g i d   arm  a s s e m b l y ,   t h e   t e n s i o n   m e m b e r s   b e i n g  

s e p a r a t e d   by  a  c e r t a i n   d i s t a n c e   and  t h e   r i g i d   a r m ' a s s e m b l y  

a n d / o r   t h e   t e n s i o n   m e m b e r s   b e i n g   t e n s i o n e d   by  means   o f  

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

t h e   m o o r i n g   s y s t e m .  

S i n c e   t h e   t e n s i o n   m e m b e r s   l o c a t e d   a t   e a c h   s i d e   of  t h e  

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

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

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

f o r c e   and  a  r e s t o r i n g   moment   when  t h e   v e s s e l   moves   t o w a r d s ,  

away  or  o u t - o f - l i n e   w i t h   t h e   t o w e r ' s   c e n t r a l   p o i n t .   T h e  

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

arm  i n c l u s i v e   of  i t s   b a l l a s t   w e i g h t ,   t h e   s i n e   of  t h e  

a n g l e   of  i n c l i n a t i o n   f rom  t h e   v e r t i c a l   of  t h e   t e n s i o n  



m e m b e r s ,   and  t h e   l e n g t h   of  t h e   t e n s i o n   m e m b e r s .   The  v a l u e  

of  t h e   r e s t o r i n g   moment   i s   a l s o   p r o p o r t i o n a l   to   t h e  

d i s t a n c e   b e t w e e n   t h e   two  t e n s i o n   m e m b e r s .   The  r e s t o r i n g  

moment   can  be  a l t e r e d   by  c h a n g i n g   t h e   l e n g t h   of  t h e  

' v e r t i c a l '   p i v o t a b l e   t e n s i o n   m e m b e r s ,   or  by  c h a n g i n g   t h e  

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

d e m a n d s   i m p o s e d   by  t h e   d i m e n s i o n s   of  t h e   m o o r i n g   a r r a n g e -  

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

P r e f e r a b l y   t h e   r i g i d   arm  a s s e m b l y   c o n s i s t s   of  two  t r i a n g u l a r  

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

v e s s e l   and  w i t h   i t s   a p e x   to   b o t h   a  t e n s i o n   member   and  a  

b a l l a s t   w e i g h t .  

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

r i g i d   arm  a s s e m b l y   can  be  o b t a i n e d   i f   t h e   h i n g e   a x i s   of  t h e  

two  t r i a n g l e s   f o r m i n g   t h e   r i g i d   arm  a s s e m b l y   a r e   s l i g h t l y  
i n c l i n e d   t o w a r d s   e a c h   o t h e r ,   d e p e n d i n g   on  t h e   w i d t h   of  t h e  

v e s s e l   bow  in  r e l a t i o n   to   t h e   d i a m e t e r   of  t h e   r i g i d   s t r u c t u r e .  

The  i n v e n t i o n   w i l l   be  e l u c i d a t e d   on  t h e   h a n d   of  t h e  

d r a w i n g s .  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of  a  p r e f e r r e d   e m b o d i m e n t   o f  

t h e   m o o r i n g   s t r u c t u r e   a c c o r d i n g   to   t h e   i n v e n t i o n ;  

F i g .   2  i s   a  s i d e   v i e w   of  p a r t   of  s a i d   s t r u c t u r e ;  

F i g .   3  is   a  p l a n   v i e w   of  p a r t   of  s a i d   s t r u c t u r e .  

The  f i g u r e s   show  a  v e s s e l  1   f l o a t i n g   upon   a  body   of  w a t e r  

2,  t h e   s u r f a c e   of  w h i c h   i s   d e n o t e d   by  r e f e r e n c e   n u m e r a l   3 .  

The  v e s s e l   1  i s   m o o r e d   to  a  s i n g l e   p o i n t   m o o r i n g   s t r u c t u r e  

c o m p r i s i n g   a  t o w e r   s t r u c t u r e   4  h a v i n g   a  f o u n d a t i o n  



s t r u c t u r e   5  a n c h o r e d   by  means   of  one  or  more   a n c h o r   p i l e s   6 

t o   t h e   f l o o r   7  of  t h e   w a t e r   2.  The  t o w e r   c a r r i e s   a  t u r n t a b l e  

8  w h i c h   i s   f r e e   to   r o t a t e   a b o u t   i t s   v e r t i c a l   a x i s   9.  T h e  

m o o r i n g   s t r u c t u r e   u s e s   a  r i g i d   arm  a s s e m b l y   10  c o m p r i s i n g  

two  t r i a n g u l a r   s t r u c t u r e s   11,   12  e a c h   w i t h   t h e i r   b a s i s   l l a ,  

12a  r e s p e c t i v e l y   by  means   of  h i n g e s   13,  14  on  t h e   one  h a n d  

and   15,  16  on  t h e   o t h e r   h a n d   c o n n e c t e d   to   a  s u p p o r t i n g  

s t r u c t u r e   17  c a r r i e d   by  t h e   bow  18  of  t h e   v e s s e l   1.  T h e  

a x e s   of  t h e   h i n g e s   11,  12  and  13,  14  a r e   in   p r i n c i p l e  

h o r i z o n t a l .  

The  a p e x e s   19 ,   20  of  t h e   s t r u c t u r e s   11,   12  r e s p e c t i v e l y  

a r e   c o n n e c t e d   to   b a l l a s t   w e i g h t s   21,  22  and  to   t e n s i o n  

m e m b e r s   23,   24  w h i c h   a r e   w i t h   t h e i r   o t h e r   e n d s   25,  2 6  

c o n n e c t e d   t o   t h e   t u r n t a b l e   8.  T h e s e   t e n s i o n   m e m b e r s   can   b e  

c h a i n s   b u t   t h e   f i g u r e s   show  an  e m b o d i m e n t   in   w h i c h   t h e y  

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

h i n g e s   of  w h i c h   o n l y   t h e   h i n g e s   f o r   t e n s i o n   member   14  a r e  

shown  and  d e n o t e d   w i t h   r e f e r e n c e   n u m e r a l s   27 ,   28,  2 9 .  

H i n g e s   27  and   29  h a v e   h o r i z o n t a l ,   m u t u a l l y   p a r a l l e l   a x e s ,  
t h e   axe   of  h i n g e   27  i s   a l s o   h o r i z o n t a l   b u t   p e r p e n d i c u l a r  

t o   t h e   o t h e r   t w o .  

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

v e s s e l   w i t h   r e s p e c t   t o   t h e   t o w e r   s t r u c t u r e   and  p r o d u c e s   a  

r e s t o r i n g   f o r c e   and  moment   p r e v e n t i n g   t h e   v e s s e l   f r om  m o v i n g  

away  or  f r o m   r i d i n g   up  t o   t h e   t o w e r   s t r u c t u r e   or  f rom  j a c k -  

k n i f i n g .   The  s h e a r f o r c e   l e v e l s  i n   t h e   r i g i d   arm  a s s e m b l y   c a n  
be  l o w e r e d   by  i n c l i n i n g   t h e   a x e s   of  t h e   h i n g e s   13,  14  on  t h e  

one  h a n d   and  15,  16  on  t h e   o t h e r   h a n d   s l i g h t l y   t o w a r d s   e a c h  

o t h e r ,   d e p e n d i n g   on  t h e   w i d t h   of  t h e   v e s s e l .  

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

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



1.  S t r u c t u r e   f o r   m o o r i n g   a  v e s s e l   (1)  f l o a t i n g   on  t h e   s u r -  

f a c e   of  a  body   of  w a t e r   ( 2 ) ,   c o m p r i s i n g   a  t o w e r   s t r u c t u r e   ( 4 )  

f i x e d   to   t h e   f l o o r   (7)  of   s a i d   body   of  w a t e r   ( 2 ) ,   t h e   v e s s e l  

(1)  to   be  c o n n e c t e d   to   s a i d   t o w e r   (4)  by  means   of  a  r i g i d   a r m  

a s s e m b l y   (11 ,   12)  w h i c h   i s   c o n n e c t e d   a t   i t s   v e s s e l e n d   in   a n  

" i n   p r i n c i p l e "   h o r i z o n t a l l y   p i v o t a b l e   m a n n e r   ( 1 3 ,   14,   15,  1 6 )  

t o   t h e   v e s s e l   ( 1 ) ,   s a i d   t o w e r   s t r u c t u r e   (4)  h a v i n g   a  t u r n t a b l e  

(8)  r o t a t a b l e   a r o u n d   a  v e r t i c a l   a x i s   (9)  and  t h e   r i g i d   a r m  

a s s e m b l y   ( 11 ,   12)  b e i n g   c o n n e c t e d   to   s a i d   t u r n t a b l e   (8)  b y  

means   of  p i v o t a b l e   t e n s i o n   m e m b e r s   (23 ,   24)  w h i c h   a r e   a t t a c h e d  

to   t h e   t o w e r e n d s   ( 19 ,   20)  of  t h e   r i g i d   arm  a s s e m b l y   ( 1 1 ,   1 2 ) ,  

t h e   t e n s i o n   m e m b e r s   ( 2 3 ,   24)  b e i n g   s e p a r a t e d   by  a  c e r t a i n  

d i s t a n c e   and  t h e   r i g i d   arm  a s s e m b l y   (11 ,   12)  a n d / o r   t h e   t e n s i o n  

m e m b e r s   ( 23 ,   24)  b e i n g   t e n s i o n e d   by  means   of  b a l l a s t   ( 21 ,   2 2 )  

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

s y s t e m .  

2.  S t r u c t u r e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in   t h a t  

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

( 1 1 ,   1 2 ) ,   e a c h   p i v o t a l l y   c o u p l e d   w i t h   i t s   b a s i s   ( l l a ,   12a)   t o  

t h e   v e s s e l   and  w i t h   i t s   a p e x   ( 19 ,   20)  to   b o t h   a  t e n s i o n  

member   and  a  b a l l a s t   w e i g h t .  

3.  S t r u c t u r e   a c c o r d i n g   to   c l a i m   2,  c h a r a c t e r i z e d   in   t h a t  

t h e   h i n g e   a x i s   of  t h e   two  t r i a n g l e s   ( l l a ,   12a)   f o r m i n g   t h e  

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

d e p e n d i n g   on  t h e   w i d t h   of  t h e   v e s s e l   bow  in  r e l a t i o n   to   t h e  

d i a m e t e r   of  t h e   r i g i d   s t r u c t u r e .  
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