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

r e t   of  which  the  s t a t i o n a r y   p a r t   is  a n c h o r e d   to  the  s e a b e d ,  

and  to  which  is  to  be  c o n n e c t e d   the  end  of  a  f l e x i b l e  

f l o w l i n e   which  is  s u b s e q u e n t l y   c o n n e c t e d   to  an  u n d e r w a t e r  

buoyan t   body  ancho red   to  the  s e a b e d .  

Such  a  moor ing  system  is  known  in  i t s e l f   from  for   i n s t a n c e ,  

U .S :   P a t e n t   S p e c i f i c a t i o n   3 , 3 3 5 , 6 9 0 ;   U.K.  P a t e n t   1 , 1 1 5 , 1 5 5 ;  

and  from  the  a d v e r t i s e m e n t   of  Imodco  Inc.   in,  for   e x a m p l e ,  

"Ocean  I n d u s t r y " ,   June  1982,  Page  73.  The  use  of  a  b u o y a n t  

body  and  the  r e q u i r e m e n t s   t h e r e o f   are  d e s c r i b e d   in  the  1982 

O f f s h o r e   Techno logy   C o n f e r e n c e   Paper   No.  OTC.4321 .  

To  a l l o w   for   movements  of  the   v e s s e l ,   which  can  be  a  t a n k e r  

used  for   the  s t o r a g e   of  c rude   o i l   and  even  p r o v i d e d   w i t h  

p r o d u c t i o n   f a c i l i t i e s   on  i t s   deck,   or  a  l a r g e   ba rge ,   d e p e n d -  

ing  on  the  o c c u r r e n c e   of  waves,   c u r r e n t s   and  winds,   the  v e s -  

se l   can  r o t a t e   t h rough   an  a n g l e   of  3 6 0   with  r e g a r d   to  t h e  

s t a t i o n a r y   second  pa r t   of  the  moor ing  sys tem.   A  swive l   c o u p -  



l i n g   at  the  upper   p a r t   of  t h i s   s t a t i o n a r y   pa r t   a l l o w s   f o r  

the  t r a n s f e r   of  f l u i d s   from  the  f l e x i b l e   f l o w l i n e   upto  t h e  

v e s s e l   d e c k .  

The  f l e x i b l e   f l o w l i n e ,   however,   must  be  kept   w i t h i n   t h e  

p e r i p h e r y   of  the  anchor   c h a i n s   or  anchor   c a b l e s   with  w h i c h  

the   second  p a r t   of  the  moor ing   is   ancho red   to  the  s e a b e d .  

In  deep  w a t e r   t h e s e   anchor   c h a i n s   or  c a b l e s   hang  r e l a t i v e l y  

s t e e p l y   from  the  s t a t i o n a r y   p a r t ,   for   i n s t a n c e   under   a n  

a n g l e   of  250  with  the  v e r t i c a l .   To  p r e v e n t   c h a f i n g   and  s u b -  

s e q u e n t   damage  of  the  f l o w l i n e   i t   must  be  a s s u r e d   t h a t   t h e  

f l o w l i n e   s t a y s   w i t h i n   the  space   d e l i m i t e d   b y  t h e   a n c h o r  

c h a i n s ,   with  the  r e s u l t   t h a t   the  buoyant   body  must  be  a  

c o n s i d e r a b l e   d i s t a n c e   below  the  s u r f a c e   of  the  w a t e r .   A s ,  

however ,   the  s e c t i o n   of  the   f l e x i b l e   p ipe   be tween  the  s t a -  

t i o n a r y   member  and  the  buoyant   body  is  d y n a m i c a l l y   l o a d e d ,  

d u e - t o   v e s s e l   movement,  t h i s   p a r t   needs  r e g u l a r   c h e c k i n g  

and  m a i n t e n a n c e   which,  in  view  of  the  deep  l e v e l   at  w h i c h  

the   buoyan t   body  i   p o s i t i o n e d ,   is  a  d i f f i c u l t   and  e x p e n s i v e  

t a s k .  

The  i n v e n t i o n   aims  to  p r o v i d e   an  a l t e r n a t i v e   a r r a n g e m e n t   o f  

the  submerged   f l o w l i n e   l a y o u t   which  o b v i a t e s   the  d i s a d -  

v a n t a g e s   of  the  known  l a y o u t .   A c c o r d i n g   to  the  i n v e n t i o n ,  

t h e  s t a t i o n a r y   p a r t   c a r r i e s   an  o u t r i g g e r   to  which  the  f l o w -  

l i n e   is  to  be  c o n n e c t e d .   This   s imple   measure   makes  i t   p o s -  

s i b l e   to  l o c a t e   the  dynamic  p o r t i o n   of  the  f l o w l i n e   o u t s i d e  

the  p e r i p h e r y   of  the   anchor   c h a i n s ,   e l i m i n a t i n g   any  p o s s i b i l i t y  



of  c h a f i n g   or  p h y s i c a l   c o n t a c t   between  the  anchor   c h a i n s  

and  the  f l e x i b l e   p ipe ,   and  g r e a t l y   f a c i l i t a t i n g   m a i n t e n a n c e  

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

To  o b t a i n   an  equa l   l o a d i n g   of  the  s t a t i o n a r y   p a r t ,   t h e  

l a t t e r   p r e f e r a b l y   c a r r i e s   more  than  one  o u t r i g g e r .  

A c c o r d i n g   to  the  i n v e n t i o n ,   the  buoyant   body  is  p r e f e r a b l y  

p o s i t i o n e d   at  a  s h o r t   d i s t a n c e   under  the  keel   of  the  v e s s e l ,  

which  of  c o u r s e   g r e a t l y   f a c i l i t a t e s   i t s   m a i n t e n a n c e .   As  t h e  

p a r t   of  the  f l o w l i n e   between  the  buoyant   body  and  the  f l o o r  

shows  very  l i t t l e   dynamic  mot ion ,   m a i n t e n a n c e   or  r e p a i r   o f  

t h i s   p a r t   is  p r a c t i c a l l y   n i l .  

F u r t h e r m o r e   each  o u t r i g g e r   can  be  i n d i v i d u a l l y   c o n n e c t e d   by 

one  or  more  c h a i n s   to  the  buoyant   b o d y .  

T h e _ 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  the  face   of  the  d r a w i n g s  

in  w h i c h :  

Fig.   1  shows  a  s c h e m a t i c   s ide   view  of  the  mooring  s y s t e m  

a c c o r d i n g   to  the  i n v e n t i o n ;  

Fig.   2  shows  a  d e t a i l   of  Fig.   1  on  a  much  e n l a r g e d   s c a l e ;  

Fig .   3  shows  a  top  view  of  the  s t a t i o n a r y   p a r t   of  t h e  

.  moor ing;   a n d  

Fig.   4  is  a  view  of  t h i s   pa r t   on  a  much  e n l a r g e d   s c a l e .  

T h e  v e s s e l   1  i s   f i t t e d   to  the  r o t a t a b l e   p a r t   2  of  the  t u r r e t  

mooring  4  which  in  the  shown  embodiment  is  i n t e g r a t e d   with  t h e  



bow  3  of  the  v e s s e l   1.  The  s t a t i o n a r y   pa r t   5  is  i n t e r c o n n e c t e d  

with  the  r o t a t a b l e   p a r t   2  in  a  b a s i c a l l y   v e r t i c a l   d i r e c t i o n  

so  t h a t   the  v e s s e l   1  can   swing  a round   the  c e n t r e   ax i s   of  t h e  

s t a t i o n a r y   p a r t   5  to  take  the  p o s i t i o n   of  l e a s t   r e s i s t a n c e  

due  to  w e a t h e r .  

To  the  s t a t i o n a r y   p a r t   5  are   c o n n e c t e d   the  anchor   c h a i n s   6  

and  the  f l e x i b l e   f l o w l i n e   7.  The  f l e x i b l e   f l o w l i n e   7  is   c o n n e c t -  

ed  to  the  s t a t i o n a r y   p a r t   5  via  an  o u t r i g g e r   8.  The  l e n g t h  

of  the  o u t r i g g e r   8  is   such  t h a t   the  f l e x i b l e   f l o w l i n e   r e m a i n s  

c l e a r   of  t o u c h i n g   the  anchor   c h a i n s   6  in  a l l   c i r c u m s t a n c e s .  

T h e r e t o   the  f l e x i b l e   f l o w l i n e   7  is  c o n n e c t e d   to  the  b u o y a n t  

body  10  and  the   c o n f i g u r a t i o n   of  the  f l e x i b l e   f l o w l i n e   7  i s  

a  c a t e n a r y   s h a p e .  

The  buoyant   body  10  is  a n c h o r e d   to  an  anchor   on  the  s e a f l o o r  

12  via  a  t a u t   moor ing   l i n e   14.  The  v e r t i c a l   p o s i t i o n   of  t h e  

buoyancy  tank   10  is   j u s t   below  the  keel   of  the  v e s s e l   1  s o  

t h a t   i t   can  f r e e l y   r o t a t e   over  t h i s   buoyant   body  10.  The  

f l e x i b l e   f l o w l i n e   7  c o n t i n u e s   from  the  buoyant   body  10  down 

to  the  s e a f l o o r   12  via  a  f r e e - h a n g i n g   s e c t i o n   16.  At  the  o u t -  

r i g g e r   8  the   f l o w l i n e   7  c o n t i n u e s   with  a  r i g i d   pipe  18  to  t h e  

s t a t i o n a r y   p a r t   5  upto  deck  l e v e l   of  the   v e s s e l   1.  In  o r -  

der  to  a l l o w   the  f l u i d   to  flow  c o n t i n u o u s l y   to  the  v e s s e l  

1  a  swive l   j o i n t   20  is  i n c o r p o r a t e d   in  the  r i g i d   pipe  18 .  

In  Fig.   3  the  top  view  shows  aga in   the  v e s s e l   1,  the  a n c h o r  

cha in s   6,  the   s t a t i o n a r y   p a r t   5,  the  r o t a t a b l e   pa r t   2  a n d  



the  o u t r i g g e r   8.  The  o u t r i g g e r   8  cou ld   be  e x t e n d e d   i n t o   a  

t r i a n g u l a r   frame  9  so  tha t   be tween   the  o u t r i g g e r   8  and  t h e  

buoyant   body  10  a  c e r t a i n   o f f s e t   can  be  o b t a i n e d   so  t h a t  

the  f l o w l i n e   7  can  be  m a i n t a i n e d   and  l i f t e d   over  the  s i d e  

of  the  v e s s e l   1  in  the  p a r t i c u l a r   head ing   of  t h a t   v e s s e l  

1.  To  t h a t   e x t e n t ,   one  or  more  t e n s i o n   c h a i n s   11  are  f i t t e d  

be tween   the  t r i a n g u l a r   pa r t   of  the  o u t r i g g e r   9  and  t h e  

buoyan t   body  10 .  

F ig .   4  in  more  d e t a i l   shows  a  t y p i c a l   c o n f i g u r a t i o n   of  t h e  

o u t r i g g e r   8,  the  t r i a n g u l a r   frame  9,  the  f l e x i b l e   f l o w l i n e s  

7,  the  r i g i d   pipe  18  and  the  anchor   c h a i n s   6  which  a re   s u p -  

p o r t e d   by  the  s t a t i o n a r y   p a r t   5  v ia   c h a i n s t o p p e r s   1 5 .  

A l s o  s h o w n   are  the  t e n s i o n   c h a i n s   11,  the  number  and  w e i g h t  

of  which  are  dependen t   on  the  s i z e ,   weight   and  number  o f  

f l o w l i n e s   7 .  

An  a l t e r n a t i v e   d e s i g n   for  more  f l o w l i n e s   could   c o m p r i s e   two 

or  more  o u t r i g g e r s   to  the  s t a t i o n a r y   p a r t ,   p o s i t i o n e d   s u c h  

t h a t   an  e q u i l i b r i u m   is  o b t a i n e d .  

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

are   not  i n t e n d e d   to  r e s t r i c t   the  scope  t h e r e o f ,   but  are   o n l y  

d e n o t e d   for   c l a r i f i c a t i o n .  



1.  Mooring  system  c o m p r i s i n g   a  t u r r e t   of  which  t h e  

s t a t i o n a r y   p a r t   5  is  a n c h o r e d   to  the  seabed  12  and  t o  

which  is  to  be  c o n n e c t e d   the  end  of  a  f l e x i b l e   f l o w l i n e  

.7  which  is  s u b s e q u e n t l y   c o n n e c t e d   to  an  u n d e r w a t e r   b u o y a n t  

body  10.  a n c h o r e d   to  the  s e a b e d ,   c h a r a c t e r i s e d   in  t h a t   t h e  

s t a t i o n a r y   p a r t   (5)  c a r r i e s   an  o u t r i g g e r   (8)  to  which  t h e  

f l o w l i n e   (7)  is  to  be  c o n n e c t e d .  

2.  Mooring  system  a c c o r d i n g   to  c la im  1,  c h a r a c t e r i s e d  

in  t h a t   the  s t a t i o n a r y   p a r t   (5)  c a r r i e s   more  than   one  o u t -  

r i g g e r   ( 8 ) .  

3.  Mooring  system  a c c o r d i n g   to  c la im  1  or  2,  c h a r a c t e r -  

i s e d   in  t h a t   the  buoyan t   body  (10)  is  p o s i t i o n e d   a  s h o r t  

d i s t a n c e   below  the  v e s s e l   k e e l .  

4.  Mooring  sys tem  a c c o r d i n g   to  c la im  1  -  3 ,   c h a r a c t e r i s e d  

in  t h a t   each  o u t r i g g e r   (8)  is  i n d i v i d u a l l y   c o n n e c t e d   by  o n e  

or  more  c h a i n s   (11)  to  the  buoyan t   body  ( 1 0 ) .  
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