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(§4)  Marine  riser  tensioner. 

Motion  compensating  apparatus  maintains  a  tension  load 
on  a  marine  riser  supported  from  a  floating  platform  which  is 
subject  to  movement  by  wave  action  and  the  like.  Bending 
movements  induced  by  the  roll  and  pitch  of  the  vessel  are  de- 
coupled  by  a  resilient  bearing  member  (38)  having  an  annular 
section  of  a  substantially  spherical  or  conical  laminated  body  of 
superposed  layers  of  an  elastic  material  (74)  and  a  relatively 
inelastic  material  (76).  A  tension  load  is  applied  to  the  riser  by  a 
hydraulic  actuator  (40)  which  is  supported  by  the  resilient  bear- 
ing  member  (38).  The  actuator  includes  a  displacement  com- 
pensating  cylinder  chamber  (55)  having  an  adjustable  volume 
of  hydraulic  fluid  presented  to  a  piston  (52)  in  the  cylinder  for 
supporting  the  upper end  (72)  cf  the  manne  riser.  The  displace- 
ment  of  fluid  in  the  cylinder  (55)  varies  in  response to  the  heave 
of  the  vessel  to  maintain  a  positive  lifting  force  on  the  marine 
riser.  An  accumulator  assembly  (88)  is  connected  to  the  pres- 
sure  chamber  (55)  of  the  hydraulic  actuator  for  supplving  hy- 
draulic  fluid  to  and  for  receiving  hydraulic  fluid  from  the  pies- 
sure  chamber  in  response  to  changes  in  its  volume.  Hydraulic 
fluid  leakage  past  the  actuator  seals  (56  60, 67, 68)  is  mon- 
itored  through  a  fluid  circuit  (65.  84)  including  pressure 
switches  (95.  97)  and  leakage flow  indicators (103,  101). 



The  p r e s e n t   i n v e n t i o n   re la tes   g e n e r a l l y   to  o f f s h o r e  

p r o d u c t i o n   e q u i p m e n t   and  in  p a r t i c u l a r   to  motion  c o m p e n s a t i n g  

a p p a r a t u s   for  use  on  a  f l oa t ing   p la t form  for  s u p p o r t i n g   a  marine  r i s e r  

e x t e n d i n g   to  the  p la t form  from  the  ocean  f l o o r .  

In  p e r f o r m i n g   both   d r i l l i ng   and  p r o d u c t i o n   o p e r a t i o n s   on  a n  

o f f s h o r e   well,  it  is  n e c e s s a r y   to  p r o v i d e   a  r i s e r   c o n n e c t i o n   b e t w e e n  

the  sea  floor  and  a  s u r f a c e   faci l i ty   to  p r o v i d e   a  s tab le   c o n d u i t  

t h r o u g h   which  a  d r i l l  s t r i n g ,   p r o d u c t i o n   f lu ids   and  e l ec t r i c a l   p o w e r  

may  be  c o n v e y e d   b e t w e e n   the  ocean  floor  and  the  s u r f a c e   f a c i l i t y .  

The  s u r f a c e   faci l i ty  may  b e  a   t a n k e r ,   a  drill  sh ip ,   a  b a r g e ,   a  f l o a t i n g  

p l a t f o r m   or  a  p la t form  which  is  f ixed  to  the  ocean  f loor.   The  r i s e r  

must  be  s u p p o r t e d   at  or  nea r   the  water   s u r f a c e   to  p r e v e n t   c o l l a p s e .  

This  is  easily  a c c o m p l i s h e d   when  the  s u r f a c e   faci l i ty   is  a  p l a t f o r m  

which  is  f ixed  to  the  ocean  floor,   but  a  more  d i f f icu l t   p roblem  i s  

p r e s e n t e d   when  the  water   d e p t h   is  30  g rea t   tha t   the  s u r f a c e   f a c i l i t y  

must  be  f loa t ing   and  h e n c e   is  not  s t a t i o n a r y .  

In  r e g a r d   to  r i s e r s   which  are  c o n n e c t e d   to  f l o a t i n g  

s t r u c t u r e s ,   s u b s t a n t i a l   forces   act  on  the  r i s e r   which,   if  not  p r o p e r l y  

c o m p e n s a t e d   for,   will  r e s u l t   in  its  f a i lu re .   Of  p a r t i c u l a r   c o n c e r n   i s  

the  e x c e s s i v e   s t r a in   which  is  appl ied   to  the  r i s e r   as  the  r e su l t   o f  

u p w a r d   and  d o w n   and  heave  motions  of  the  ves se l   in  r e s p o n s e   to  



wave  ac t ion .   A d d i t i o n a l l y ,   the  r i s e r   is  s u b j e c t e d   to  c o n s i d e r a b l e  

s t r e s s   i n d u c e d   by  water   c u r r e n t s   which  pass   a r o u n d   the  r i s e r   b u i  

which   have  no  p a r t i c u l a r   d e t r i m e n t a l   effect   on  the  p la t fo rm.   In  t h i s  

s i t u a t i o n ,   the  r i s e r   s t r i n g   t e n d s   to  be  d i s t o r t e d   as  it  is  d i s p l a c e d  

l a t e r a l l y   in  one  or  more  d i r e c t i o n s   in  r e s p o n s e   to  the  u n d e r w a t e r  

c u r r e n t s .   A  f u r t h e r   problem  a s s o c i a t e d   with  s u p p o r t i n g   a  p r o d u c t i o n  

r i s e r   from  a  v e s s e l   such  as  a  f loa t ing   p la t form  or  the  like  is  t h e  

b e n d i n g   s t r e s s   i n d u c e d   in  the  r i s e r   by  the  roll  and  p i tch   of  t h e  

v e s s e l .   The  combina t ion   of  the  i n d u c e d   b e n d i n g   s t r e s s   and  t h e  

c o m p r e s s i v e   forces   which  are  e x e r t e d   by  the  s u p p o r t   ves se l   i n  

r e s p o n s e   to  wave  act ion  will  cause   rap id   d e s t r u c t i o n   of  the  r i s e r  

u n l e s s   the  d e s t r u c t i v e   e f fec t s   are  c o m p e n s a t e d   or  offset   in  some  w a y .  
R i se r   t e n s i o n e r   s y s t e m s   have  been   d e v e l o p e d   for  o f f s h o r e  

d r i l l i ng   and  p r o d u c t i o n   ac t i v i t i e s   to  compensa t e   for  the  rise  and  fa l l  

of  a  f loa t ing   p l a t fo rm.   Such  t e n s i o n e r   s y s t e m s   have  c o m m o n l y  

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

the  r i s e r   at  s y m m e t r i c a l l y   a r r a n g e d   tie  p o i n t s .   In  the  c o u r s e   of  t h e i r  

t r a v e l   from  c y l i n d e r s   to  a  r i s e r ,   the  cables   pass   over   one  or  m o r e  

s h e a v e s   and  hence   are  sub jec t   to  wear .   It  t hus   bscomes   n e c e s s a r y   to  

p e r i o d i c a l l y   ad ju s t   the  cables   so  tha t   unworn   p o r t i o n s   of  the  cable  a r e  

s h i f t e d   to  the  s h e a v e   locat ions   and  from  time  to  time  the  cables   m u s t  

be  r e p l a c e d ,   t yp i ca l l y   at  t h i r t y   day  i n t e r v a l s .   To  make  this  c a b l e  

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

sys tem  with  i n d e p e n d e n t   r i s e r   c o n n e c t i o n s   has  normal ly   been  i n s t a l l e d  

as  a  b a c k u p .   Such  an  a r r a n g e m e n t   could  be  used   on  a  f l o a t i n g  

p r o d u c t i o n   p l a t fo rm ,   but   the  cable  wear  p rob lem  is  more  p r o n o u n c e d  

b e c a u s e   the  p r o d u c t i v e   life  of  the  well  is  s u b s t a n t i a l l y   l onge r   than  t h e  

t yp i ca l   d r i l l i ng   time  of  the  well.  T h e r e f o r e ,   it  would  be  d e s i r a b l e   t o  

p r o v i d e   a  r i s e r   t e n s i o n e r   sys tem  in  which  the  cable  r e p l a c e m e n t  

p rob lem  is  e l i m i n a t e d .  

The  p rob lem  of  b e n d i n g   s t r e s s e s   i n d u c e d   by  roll  and  p i t c h  

movement s   of  the  vesse l   have  been   minimized  in  the  pas t   by  d e s i g n i n g  

spec ia l   s u p p o r t   v e s s e l s   and  p l a t fo rms   which  do  not  reac t   s i g n i f i c a n t l y  

to  wind  and  wave  ac t ion ,   and  also  by  l imit ing  the  water   dep th   i n  

which  t hese   v e s s e l s   o p e r a t e .   Other   a p p r o a c h e s   have  a t t e m p t e d   to  

decoup le   d e t r i m e n t a l   ship  motions  by  p r o v i d i n g   a  re l iable   r i s e r  

c o n n e c t i o n   which  will  t end   to  minimize  the  r i g i d i t y   of  the  r i s e r  



s t r u c t u r e  a t t a c h m e n t   to  the  s u r f a c e   ves se l .   The  p i tch   and  roll  o f  

t h e   when  d d e n   to  the  angle  a s s o c i a t e d   with  m a x i m u m  

ho r i zon t a l   e x c u r s i o n   of  the  p r o d u c t i o n   r i se r   due  to  the  o c e a n  

c u r r e n t   r e su l t   in  e x c e s s i v e l y   high  b e n d i n g   s t r e s s e s   in  the  r i s e r   a t  

the  point   of  a t t a c h m e n t   un les s   these   forces   are  d e c o u p l e d   in  some 

w a y .  
T h e  m o s t   common  so lu t ion   to  the  e l iminat ion  of  e x c e s s i v e l y  

high  b e n d i n g   s t r e s s e s   in  the  r i s e r   at  the  point   of  a t t a c h m e n t   is  t h e  

p r o v i s i o n   of  a  r i s e r   pir  connec t ion   with  the  s u r f a c e   v e s s e l .   O t h e r  

a r r a n g e m e n t s   have  u t i l ized   a  two  axis  gimbal  c o n n e c t i o n .   The  use  o f  

pin  and  gimbal  connec t i on   a r r a n g e m e n t s   has  been  l imited  g e n e r a l l y   t o  

r e l a t i v e l y   shor t   l e n g t h s   of  p r o d u c t i o n   r i s e r s   o p e r a t i n g   in  r e l a t i v e l y  

calm  w a t e r s .   However ,   as  the  sea rch   for  p e t r o l e u m   r e s o u r c e s  

a d v a n c e s   into  d e e p e r   waters   r e q u i r t z s   i n c r e a s e d   l e n g t h   of  p r o d u c t i o n  

r i s e r s   and  where   more  s e v e r e   wave  act ion  i n d u c e s   h i g h e r   roll,   p i t c h  

and  heave   r e a c t i o n s   in  the  s u p p o r t   v e s s e l ,   it  becomes   i m p e r a t i v e   t o  

p r o v i d e   i m p r o v e d   connec t ion   means  for  minimizing  the  b e n d i n g   a c t i o n  

i n d u c e d   in  the  p r o d u c t i o n   r i s e r   s t r i n g   while  also  minimizing  the  a x i a l  

s t r e s s e s   i n d u c e d   into  the  r i s e r   s t r i n g   by  the  u p w a r d   and  d o w n w a r d  

heave   motions  of  the  s u p p o r t   v e s s e l .  

It  is  an  object   of  the  p r e s e n t   I n v e n t i o n   to  p r o v i d e   a  m a r i n e  

r i s e r   t e n s i o n e r   sys tem  in  which  cables   and  s h e a v e s   a r e   not  u t i l i z e d .  

It  is  a  f u r t h e r   object   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  

load  s u p p o r t i n g   r e s i l i en t   b e a r i n g   a p p a r a t u s   for  minimizing  the  b e n d i n g  

s t r e s s e s   i n d u c e d   into  a  pipe  s t r i n g   by  the  p i t c h i n g   and  r o l l i n g  

movemen t s   of  a  f loa t ing   ve s se l   from  which  the  pipe  s t r i n g   i s  

s u p p o r t e d .  

A c c o r d i n g   to  an  i m p o r t a n t   a spec t   of  the  i n v e n t i o n ,   t h e  

i n v e n t i o n   may  be  p r a c t i c e d   in  combina t ion   with  a  f loa t ing   p l a t fo rm  o r  

v e s s e l   of  the  type  i n c l u d i n g   a  deck  and  h a v i n g   a  well  o p e n i n g  

e x t e n d i n g   t h r o u g h   the  deck  to  p rov ide   access   to  the  ocean  b e n e a t h  

the  p l a t fo rm.   The  i nven t ion   is  embodied  in  motion  c o m p e n s a t i n g  

a p p a r a t u s   which  i nc ludes   d i sp l aceab l e   means  e n g a g e a b l e   be tween   t h e  

deck  of  the  ves se l   and  the  pipe  s t r i n g   and  o p e r a b l e   for  v a r y i n g   t h e  

d i s t a n c e   b e t w e e n   the  vesse l   and  the  pipe  s t r i n g .   Passive  means  a r e  

c o u p l e d   to  the  d i s p l a c e a b l e   means  for  o p e r a t i n g   the  d i sp laceable   m e a n s  



to  main ta in   a  pos i t ive   l i f t ing   force  on  the  pipe  s t r i n g   as  the  ve s se l   i s  

d i s p l a c e d   v e r t i c a l l y   r e l a t ive   to  the  pipe  s t r i n g .   A  r e s i l i en t   b e a r i n g  
member   is  d i s p o s e d   i n t e r m e d i a t e   the  ve s se l   and  the  d i s p l a c e a b l e   m e a n s  
with  the  r e s i l i en t  -   b e a r i n g   member   be ing   coupled   in  s u p p o r t i n g  

e n g a g e m e n t   with  the  d i s p l a c e a b l e   means  for  p e r m i t t i n g   a n g u l a r  

d i s p l a c e m e n t   of  the  ve s se l   r e l a t ive   to  the  pipe  s t r i n g   in  r e s p o n s e   t o  

roll  and  p i tch   movement s   i m p a r t e d   to  the  ves se l   by  wave  ac t ion ,   wh i l e  

r e a c t i n g   both   rad ia l   and  axial  l o a d s .  

In  a  p r e f e r r e d   embod imen t ,   the  d i s p l a c e a b l e   m e a n s  

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

h o u s i n g   and  a  c y l i n d r i c a l   p i s ton   h a v i n g   a  f i r s t   end  or  rod  po r t i on   f o r  

a t t a c h m e n t   to  the  pipe  s t r i n g   and  a  s econd   end  or  head   p o r t i o n  

m o v a b l y   d i s p o s e d   in  the  h o u s i n g   and  d e f i n i n g   a  fluid  p r e s s u r e  
c h a m b e r   tha t   c h a n g e s   in  volume  as  the  p i s ton   is  d i sp l aced   r e l a t i ve   t o  

the  h o u s i n g .   A c c u m u l a t o r   means  are  c o n n e c t e d   in  fluid  c o m m u n i c a t i o n  

with  the  p r e s s u r e   c h a m b e r   for  s u p p l y i n g   h y d r a u l i c   fluid  to  and  f o r  

r e c e i v i n g   h y d r a u l i c   fluid  from  the  p r e s s u r e   chamber   in  r e s p o n s e   to  

c h a n g e s   in  its  volume.   A  source   of  c o m p r e s s e d   gas  is  c o n n e c t e d   i n  

. f lu id   communica t ion   with  the  a c c u m u l a t o r   means  for  m a i n t a i n i n g   t h e  

h y d r a u l i c   w o r k i n g   fluid  u n d e r   p r e s s u r e   in  the  c h a m b e r   as  t h e  

p l a t f o r m   r i ses   and  falls  in  r e s p o n s e   to  t idal   or  wave  movements   of  t h e  

ocean .   H y d r a u l i c   fluid  leakage   pas t   the  p r i m a r y   p i s ton   and  r o d  

p o r t i o n   seals  or  p a c k i n g s   is  c o n d u c t e d   t h r o u g h   s e p a r a t e   fluid  lines  t o  

a  low  p r e s s u r e   f luid  r e s e r v o i r .   Seal  l eakage   is  mon i to r ed   by  p r e s s u r e  
s w i t c h e s   and  a s s o c i a t e d   i n d i c a t o r s   c o n n e c t e d   to  the  l eakage   f low 

r e t u r n   l i n e s .  

A c c o r d i n g   to  a n o t h e r   i m p o r t a n t   a spec t   of  the  i n v e n t i o n ,   t h e  

a f o r e m e n t i o n e d   r e s i l i en t   b e a r i n g   member  compr i ses   an  a n n u l a r   s e c t i o n  

of  a  s u b s t a n t i a l l y   s p h e r i c a l   l amina ted   body  of  s u p e r p o s e d   l a y e r s - o f   a n  

e las t ic   mater ia l   and  of  a  r e l a t i ve ly   ine las t i c   mater ia l   for  r e a c t i n g   r a d i a l  

and  axial  loads .   Thus   the  r e s i l i en t   b e a r i n g   member  c o o p e r a t e s   w i t h  

the  d i s p l a c e a b l e   means  to  re l ieve  axial  s t r e s s e s   as  well  as  d e c o u p l i n g  

b e n d i n g   m o m e n t s .  

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

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

c e n t r a l   o p e n i n g   of  the  r es i l i en t   b e a r i n g   member  and  hav ing   an  a n n u l a r  

p i s ton   s l idably   d i s p o s e d   within  the  h o u s i n g .   The  a n n u l a r   v o l u m e  



intermediate the piston and housing defines a fluid pressure chamber 

which charges in volume with dimmension of the piston relative to 

the  h o u s i n g   so  that  the  p is ton   and  the  r i s e r .   which  is  a t t a c h e d   to  t h e  

p i s ton-   is  s u p o r t e d   on  an  abbykar   column  of  h y d r a u l i c   f luid.   O n e  

i m p o r t a n t   a d v a n t a g e   of  the  p is ton   and  c y l i n d e r   a r r a n g e m e n t   is  t h a t  

the  high  p r e s s u r e   h y d r a u l i c   fluid  supp ly   l ines  are  c o n n e c t e d   to  t h e  

member  or  h o u s i n g   cy l i nde r   and  t h e r e f o r e  a r e   normal ly   not  r e q u i r e d  

to  move  and  flex  a s  t h e   p i s ton   is  e x t e n d e d   a n d  r e t r a c t e d ,   t h e r e b y  

i m p r o v i n g   the  re l iab i l i ty   of  the  sys tem.   However ,   in  the  event   o f  

high  p r e s s u r e   fluid  s u p p l y   line  b r e a k a g e ,   f luid  is  p r e v e n t e d   f r o m  

be ing   lost  t h r o u g h   the  b r o k e n   lines  by  an  i m p r o v e d   a r r a n g e m e n t   o f  

back   to  b a c k  p i l o t   o p e r a t e d   check  va lves   of  the  so  called  ve loc i ty   f u s e  

t y p e .   A  f u r t h e r   a d v a n t a g e   of  the  a b e v e n t i o n e d   p i s ton   and  c y l i n d e r  

a r r a n g e m e n t   is  tha t   drill  t y b i n g   o ther   p r o d u c t i o n   e q u i p m e n t   may  

pass   d i r e c t l y   t h r o u g h   the  p i s ton   of  the  a c t u a t o r   and  t h r o u g h   t h e  

c e n t r a l   open ing   of  the  r e s i l i en t   b e a r i n g   member   for  d i r ec t   c o n n e c t i o n  

to  a  d i v e r t e r   a s s emb ly   or  to  the  o ther   p r o d u c t i o n   e q u i p m e n t   w i t h o u t  

t h e   i n t e r f e r e n c e   a s s o c i a t e d   with  the  complex  cables   and  s h e a v e  

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

The  f o r e g o i n g   as  well  as  o the r   o b j e c t s ,   a d v a n t a g e s   a n d  

f e a t u r e s   of  the  i n v e n t i o n   will  h e r e i n a f t e r   become  a p p a r e n t   to  t h o s e  

ski l led  in  the  ar t ,   and  for  p u r p o s e s   of  i l l u s t r a t i o n ,   but   not  o f  

l imi ta t ion ,   an  e x e m p l a r y   embod imen t   of  the  i n v e n t i o n   is  shown  in  t h e  

v a r i o u s   views  of  the  a p p e n d e d   d r a w i n g s ,   in  w h i c h :  

F igu re   1  is  an  e l eva t ion   view  of  motion  c o m p e n s a t i n g  

a p p a r a t u s   e m b o d y i n g   the  p r e s e n t   i n v e n t i o n   in  a s s o c i a t i o n   with  a  

f loa t ing   p r o d u c t i o n   p l a t f o r m ;  

F igure   2  i s   an  e n l a r g e d   f ront   e l eva t ion   view,  with  p a r t s  

shown  in  l ong i tud ina l   s ec t ion ,   of  the  motion  c o m p e n s a t i n g   a p p a r a t u s   o f  

F igu re   1; 

F igure   3  i s   a  sect ional   view  of  a  p o r t i o n   of  the  r e s i l i e n t  

b e a r i n g   m e m b e r  o f   the  motion  c o m p e n s a t i n g   a p p a r a t u s   t aken   along  t h e  

Line  3-3  of  F igure   1,  a n d  

F igure   4  is  a  g r a p h i   i l l u s t r a t i o n   of  the  r e l a t i o n s h i p  

b e t w e e n   by  the  motion  c o m p e n s a t i n g   a p p a r a t u s   w i t h  

p o s i t i o n .  



R e f e r r i n g   now  to  F igure   1,  the  motion  c o m p e n s a t i n g  

a p p a r a t u s   of  the  p r e s e n t   i n v e n t i o n   is  i n d i c a t e d   g e n e r a l l y   at  10  and  i s  

m o u n t e d   on  the  deck  12  of  a  s u r f a c e   fac i l i ty   such  as  a  f loa t ing   oil 

well  p r o d u c t i o n   p la t fo rm  i n d i c a t e d   g e n e r a l l y   at  14.  The  s u r f a c e  

fac i l i ty   14  has  an  o p e n i n g   16,  e x t e n d i n g   t h r o u g h   the  deck  12,  t o  

p r o v i d e   access   to  a  p r o d u c t i o n   r i s e r   18  e x t e n d i n g   t h e r e t o   from  t h e  

ocean  floor  20.  It  will  be  a p p a r e n t   to  t hose   ski l led  in  the  art   t h a t  

the  s u r f a c e   faci l i ty   14  is  not  l imited  to  a  f loa t ing   p la t form  but  may  b e  

any  such   f loa t ing   s t r u c t u r e   such  as  a  drill  sh ip ,   a  t a n k e r ,   or  a  

b a r g e .   Howeve r ,   for  p u r p o s e s   of  i l l u s t r a t i o n   of  the  i n v e n t i o n ,   t h e  

motion  c o m p e n s a t i n g   a p p a r a t u s   will  be  d e s c r i b e d   in  connec t ion   with  a  

f l oa t i ng   p l a t fo rm.   It  should   also  be  a p p r e c i a t e d   that   the  m o t i o n  

c o m p e n s a t i n g   a p p a r a t u s   10  has  u t i l i ty   for  use  in  connec t i on   w i t h  

d r i l l i ng ,   s e r v i c i n g   or  p r o d u c t i o n   o p e r a t i o n s   in  which  a  marine  r i s e r   i s  

e m p l o y e d .  

The  deck  12  is  s u p p o r t e d   above  the  s u r f a c e   22  of  the  o c e a n  

by  means  of  a  p l u r a l i t y   of  d o w n w a r d l y   e x t e n d i n g   c o n t r o l l a b l y   b u o y a n t  

members   or  legs  24  which  maintain   the  deck  12  at  a  de s i r ed   e l e v a t i o n  

above   the  ocean  s u r f a c e   22.  The  b u o y a n t   members   24  have  s u f f i c i e n t  

t ank   c a p a c i t y   tha t   the  deck  12  can  be  r a i sed   or  lowered   as  d e s i r e d   b y  

use  of  a  su i t ab le   con t ro l   sys tem  for  t r a n s p o r t i n g   the  s t r u c t u r e   a t  

minimum  d ra f t   while  in  t r a n s i t   or  for  p o s i t i o n i n g   it  at  a  work ing   d r a f t  

over   a  p r o d u c t i o n   si te.   While  not  shown  in  de ta i l ,   the  r e s p e c t i v e  

b u o y a n t   members   24  are  f u r t h e r   p r o v i d e d   with  an  i n t e r c o n n e c t i n g  

t r u s s   s t r u c t u r e   26  and  o ther   n e c e s s a r y   u n d e r s t r u c t u r e   for  s t a b i l i z i n g  

the  p l a t f o r m .   To  f u r t h e r   s tabi l ize   the  f loa t ing   p la t form  14,  a  

p l u r a l i t y   of  moor ing  lines  and  a n c h o r s   (not  shown)  may  be  p r o v i d e d  

for  h o l d i n g   the  p la t form  over  a  p r o d u c t i o n   site  23.  An  example  o f  

such  an  a r r a n g e m e n t   is  i l l u s t r a t e d   in  U.S.   Pa t en t   3 , 9 8 3 , 7 0 6 ,  

Basic  wel lhead  e q u i p m e n t   30  is  shown  i m b e d d e d   in  the  o c e a n  

floor  20  b e n e a t h   the  p la t form  14.  The  p r o d u c t i o n   r i s e r   18  e x p e n d s  

from  t h e   wel lhead  equ ipmen t   30  to  a  c o n v e n t i o n a l   marine  r i s e r  



which  is  p r o v i d e d   with  flex  jo ints   and  i n t e g r a l   choke  a n d  

kill    3 4 .  I f   The  usual  c h r i s t m a s   t ree   a r r a n g e m e n t   a n d  c o n t r o l  

m e m b e r .  a l t h o u g h   not  shown,   may  also  be  i n c l u d e d   in  the  w e l l h e a d  

eequivalent  30  to  control   the  p r o d u c t i o n   o p e r a t i o n   i n s o f a r   as  p r o d u c t i o n  

f l u i d  f l o c   is   concerned.   The  lower  and  of  the  r i s e r   18  is  p r e f e r a b l y  

p ivo ta l ly   the  wellhead  34  to  allow  for  a  l imited  amount   o f  

relative movement at the platform 14 is subjected to some lateral 

displacement from is desired location above the production site 28. 

The production riser is typically comprises a numbe of 

e l o n g a t e d   t u b u l a r   members   c o n n e c t e d   end  to  end  and  h a v i n g   s u f f i c i e n t  

d i ame te r   to  enclose   drill  t u b i n g   and  to  c o n d u c t   d r i l l i ng   mud.  A 

typ ica l   c r o s s - s e c t i o n   d imension  of  the  r i s e r   is  s i x t een   i nches   O . D .  

with  o n e - h a l f   inch  wall  t h i c k n e s s   For  p r o d u c t i o n   o p e r a t i o n s   it  i s  

u sed   for  c o n v e y i n g   c rude   oil  or    the  wel lhead   e q u i p m e n t   30 

to the platform is where it is discharged into a reservoir carried by 

the platform or into a tanker (notshown) lying alongside. 

As  d i s c u s s e d   above ,   p r io r   art  mar ine   r i s e r   s t r u c t u r e s   a r e  

sub jec t   to  b u c k l i n g   forces   i n d u c e d   by  the  h e a v i n g   act ion  of  t h e  

f loa t ing   p la t form  14  and  are  also  sub jec t   to  b e n d i n g   moments   i n d u c e d  

by  the  roll  and  p i tch   m o v e m e n t s  o f   the  p l a t f o r m .   The  ha rmfu l   e f f e c t s  

of  the  b i n d i n g   moment  and  b u c k l i n g   fo rces   are  i n t e n s i f i e d   when  t h e  

p la t fc rm  1 4  i s   l a t e ra l ly   d i s p l a c e d   e x c e s s i v e l y ,   and  s u b j e c t e d   t o  

ex t r eme   v e r t i c a l   movement   due  to  s e v e r e   w e a t h e r   c o n d i t i o n s   on  t h e  

water   s u r f a c e ,   for  example .   These   p r o b l e m s   a r e   ove rcome   in  t h e  

p r e s e n t   i n v e n t i o n   by  the  p r o v i s i o n   of  the  motion  c o m p e n s a t i n g  

a p p a r a t u s   10  which  i nc ludes   a  r e s i l i en t   b e a r i n g   member   38  w h i c h  

r e a c t s   both  radial   and  axial  loads  and  d e c o u p l e s   the  roll  and  p i t c h  

movements   of  the  f lea t ing   ve s se l   with  r e s p e c t   t o  t h e   p r o d u c t i o n   r i s e r  

18.  and  by  the  p r o v i s i o n   of  a  l inear   h y d r a u l i c   a c t u a t o r   a s s e m b l y   40 

which  is  c o n n e c t e d  t o   a  p n e u m o - h y d r a u l i c   a c c u m u l a t o r   for  m a i n t a i n i n g  

h y d r a u l i c   w o r k i n g  f l u i d   u n d e r   p r e s s u r e   in  the  a c t u a t o r   a s sembly   a s  

the platform heaves and falls in response to wave movements of the 

sea. According to this arrangement, the production riser 18 is 

supported of a column of pressurised hydraulic fluid whose volume 

va r i e s   in  p r o p o r t i o n   to  the  d i s p l a c e m e n t   of  the  f loa t ing   p la t form  14 

relative to use one of the production riser 18. 



The  c o n s t r u c t i o n   deta i ls   of  the  motion  c o m p e n s a t i n g  

a p p a r a t u s   10  are  i l l u s t r a t e d   in  F i g u r e   2  of  the  d r a w i n g .   The  l i n e a r  

h y d r a u l i c   a c t u a t o r   a s s emb ly   40  i n c l u d e s   a  c y l i n d e r   member  c o m p r i s i n g  

a  h o u s i n g   44  h a v i n g   a  f i r s t   open  end  p o r t i o n   46  s u i t a b l y   c o n n e c t e d   t o  

an  a n n u l a r   collar  48.  The  collar  48  i n c l u d e s   a  c y l i n d r i c a l   m o u n t i n g  

f lange   p o r t i o n   which  is  bol ted   to  a  moun t ing   weldment   or  r ing   50  o f  

the  r e s i l i e n t   b e a r i n g   member  38.  The  a c t u a t o r   a s s emb ly   40  i nc ludes   a  

c y l i n d r i c a l   a n n u l a r   p i s ton   member  52  which  is  c o n c e n t r i c a l l y   d i s p o s e d  
for  e x t e n s i o n   and  r e t r a c t i o n   within  the  h o u s i n g   44.  The  p i s t o n  

member   52  has  a  t u b u l a r   p i s ton   rod  p o r t i o n   53  of  r e l a t i v e l y   s m a l l e r  

d i ame te r   than   the  bore   54  of  h o u s i n g   44,  t h e r e b y   d e f i n i n g   an  a n n u l a r  

p r e s s u r e   c h a m b e r   55  which  c h a n g e s   in  volume  as  the  p i s ton   i s  

d i s p l a c e d   along  the  l o n g i t u d i n a l   axis  of  the  h o u s i n g .   The  p i s ton   52 

i n c l u d e s   a  head  58  formed  as  a  s e p a r a t e   pa r t   which  is  t h r e a d e d l y  

c o n n e c t e d   to  the  u p p e r   end  of  the  rod  53.  The  p i s ton   head  58 

i n c l u d e s   p r i m a r y   seals  or  p a c k i n g s   56  and  s e c o n d a r y   p a c k i n g s   60 

which  are  d i s p o s e d   in  a n n u l a r   g rooves   formed  in  the  head   for  s l i d i n g  

e n g a g e m e n t   with  the  c y l i n d e r   bore  54.  A  c i r c u m f e r e n t i a l   fluid  l e a k a g e  

flow  g roove   57  is  formed  in  the  head   58  b e t w e e n   the  p a c k i n g s   56  a n d  

60  and  is  in  communica t ion   with  an  e l o n g a t e d   p a s s a g e s   61  formed  i n  

the  rod  p o r t i o n   53.  The  p a s s a g e   61  may  be  formed  as  a  groove  i n  

the  rod  p o r t i o n   53  which  is  c losed  by  a  s leeve  63  d i s p o s e d   over  t h e  

o u t e r   d i ame te r   of  the  rod  po r t i on   as  shown .   The  p a s s a g e   61  is  i n  

communica t ion   with  a  f lexible  l e akage   flow  r e t u r n   line  65  by  way  of  a  

s u i t a b l e   f i t t i n g ,   as  s h o w n .  

The  p i s ton   rod  po r t ion   53  e x t e n d s   t h r o u g h   an  end  cap  62 

t h r e a d e d l y   s e c u r e d   to  the  lower  end  64  of  the  h o u s i n g   44  and  is  i n  

f luid  sea l ing   e n g a g e m e n t   with  p r i m a r y   seals  or  p a c k i n g s   67  a n d  

s e c o n d a r y   p a c k i n g s   66.  An  a n n u l a r   groove  69  is  formed  in  the  i n n e r  

bore   wall  of  the  cap  62  for  c o n d u c t i n g   p r i m a r y   p a c k i n g   leakage  f l u i d  

to  a  f lexible   r e t u r n   line  84.  The  c y l i n d e r   end  cap  62  is  t h r e a d e d l y  

c o n n e c t e d   to  the  lower  end  64  of  the  h o u s i n g   44  in  s e a l i n g  

e n g a g e m e n t   t h e r e w i t h .  

The  p i s ton   52  is  d i sp l aceab l e   a long  the  l o n g i t u d i n a l   axis  o f  

the  h o u s i n g   44  and  is  s l idable   with  r e s p e c t   to  an  e l o n g a t e d   t u b u l a r  

s leeve  68  which  is  c o n c e n t r i c a l l y   d i sposed   within  the  p is ton   a n d  

s u i t a b l y   s e c u r e d   to  the  a n n u l a r   collar  48.  Also  s e c u r e d   to  the  c o l l a r  



48 for a connector provision 70 for angaging a corresponding connector 

diverter assembly (not shown). Connection to the 

opposite and of the motion compensating apparatus is provided by a 

connector portion 72 threadedy secured to the lower end of the 

p i s ton   red  53,  The  c o n n e c t o r   72  is  a d a p t e d   to  be  c o n n e c t e d   to  t h e  

  u s e r   c o n n e c t o r   32.  The  piston  52  and  s leeve  68  c o o p e r a t e   t o  

form  an    central   p a s s a g e     e x t e n d i n g   t h r o u g h   the  a p p a r a t u s  

10  from  the  c o n n e c t o r   70  to  the  c o n n e c t o r   72 .  

The  l inear   h y d r a u l i c   a c t u a t o r   a s s emb ly   40  is  s u p p o r t e d   f r o m  

the  deck  12  cf  the  f loat ing  p la t form  14  by  the  r e s i l i e n t   b e a r i n g  

member   38  which  is  d i sposed   in  load  s u p p o r t i n g   r e l a t i on   i n t e r m e d i a t e  

the  deck  12  and  the  a n n u l a r   cellar   a s sembly   48.  The  b e a r i n g   m e m b e r  

38  is  an  a n n u l a r   s e c t i o n  o f   a  s u b s t a n t i a l l y   s p h e r i c a l   l amina t ed   body   o f  

s u p e r p o s e d   l aye r s   of  a n  e l a s t i c   ma te r i a l  74   and  of  a  r e l a t i v e l y   i n e l a s t i c  

mater ia l   76  as  can  bes t   be  seen  in  F igure   3  of  the  d r a w i n g .   T h e  

l amina ted   b o d y  i s   i n t e r p o s e d   b e t w e e n   the  m o u n t i n g   r ing   50  and  a  

s u p p o r t i n g   base   member  51  d i s p o s e d   on  the  deck  12.  A  c e n t r a l ,  

somewhat   c o n i c a l  s h a p e d   p a s s a g e   15  i s  f o r m e d   axia l ly   t h r o u g h   t h e  

b e a r i n g   member  38  for  r e c e i v i n g   the  cellar  48  w h e r e b y   the  a c t u a t o r   40 

e x t e n d s   d o w n w a r d l y   t h r o u g h   the  b e a r i n g   member   and  the  deck  12 .  

The  p u r p o s e   of  the  r e s i l i e n t   b e a r i n g   member   38  is  to  p e r m i t  

a n g u l a r   d i s p l a c e m e n t  o f   the  f loat ing  p la t form  14  with  r e s p e c t   to  t h e  

h y d r a u l i c   a a c t u a t o r  a s s e m b l y   40  and  the  r i s e r   18  and ,   in  p a r t i c u l a r ,   t o  

decoup le   t h e  b e n d i n g   moment  fo rces   which  would  o t h e r w i s e   b e  

i m p a r t e d   to  the  r i se r   18  as  the  p la t form  14  rolls  and  p i t c h e s   i n  

r e s p o n s e   tc  w a v e   movements   of  the  sea.  The  e las t ic   l aye r   74  i s  

p r e f e r a b l y   f o r m e d  o f   an  e l a s tomer   mater ia l   such  as  r u b b e r   and  t h e  

r e l a t i v e l y   i ne l a s t i c   l ayer   76  is  p r e f e r a b l y   formed  of  a  metal  such   a s  

steel   which  in  combina t ion   are  capable   of  s u p p o r t i n g   a  w o r k i n g  

c o m p r e s s i v e   load  i n  e x c e s s   of  the  p r o d u c t i o n   r i s e r   we igh t .   T h e  

r e s i l i en t   b e a r i n g   member  33  can  r eac t   axial  as  well  as  radia l   l o a d s ,  

t h e r e b y   c o o p e r a t i n g '   with  the  l inear   a c t u a t o r   a s s emb ly   40  to  r e l i e v e  

s t r e s s e s   i nduced   by  h e a v i n g   and  l a te ra l   d i s p l a c e m e n t   of  the  p l a t f o r m  

11.  I n  a   p r e f e r r e d   ambod imen t ,   the  r e s i l i en t   b e a r i n g   member  38  i s  

des igned,   to  s u p p o r t   an  axially  applied,  load  of  350,000  p o u n d s   and  i s  

able  tc  w i t h s t a n d   a  full  plus  or  minus  seven  d e g r e e   r o t a t i o n   about   a  

r a d i a l   ..  5  mil l ion  cyc les .   The  s p r i n g   c o n s t a n t  



of  the  r e s i l i e n t   b e a r i n g   member  38  can  be  v a r i e d   somewhat   b y  

i n c r e a s i n g   or  d e c r e a s i n g   the  amount   of  r e s i l i en t   mater ia l   in  the  l a y e r  

7 4 .  

A c c o r d i n g   to  a  p r e f e r r e d   embod imen t   of  the  l inear   h y d r a u l i c  

a c t u a t o r   a s s e m b l y   40,  it  is  d e s i g n e d   to  e x e r t   a  force  of  350 ,000  

p o u n d s   at  a  h y d r a u l i c   fluid  p r e s s u r e   o f  2 , 2 0 0   psi .   The  max imum 

r e c o m m e n d e d   o p e r a t i n g   p r e s s u r e   is  2,650  psi .   The  c y l i n d r i c a l  

h o u s i n g   member   44  and  p i s ton   52  are  p r e f e r a b l y   c o n s t r u c t e d   from  a  

low  c a r b o n   steel   which  is  su i t ab le   for  low  t e m p e r a t u r e   s e rv i ce .   T h e  

p i s ton   52  p r e f e r a b l y   has  a  maximum  s t roke   of  18  feet  and  is  a d a p t e d  

to  be  d r i v e n   at  a  ra te   of  0.6  feet  pe r   s econd .   The  force ,   s t r o k e   a n d  

d i s p l a c e m e n t   ra te   may,  of  c o u r s e ,   v a r y   a c c o r d i n g   to  the  r e q u i r e m e n t s  

of  a  p a r t i c u l a r   a p p l i c a t i o n .  

The  a n n u l a r   fluid  p r e s s u r e   c h a m b e r   55  is  supp l i ed   w i t h  

h y d r a u l i c   fluid  by  a  pump  92  and  an  a c c u m u l a t o r   a s sembly   42  t h r o u g h  

a  f lexible   s u p p l y   line  or  hose  80.  High  p r e s s u r e   w o r k i n g   fluid  i s  

p r e f e r a b l y   c o n v e y e d   t h r o u g h   mult iple   r u n s   of  h y d r a u l i c   hoses   80  t o  

p r o v i d e   r e d u n d a n c y ,   a l t h o u g h   only  one  hose  is  shown  in  the  d r a w i n g  

f i g u r e s .   The  hoses   80  are  p r e f e r a b l y   p r o v i d e d   with  back  to  b a c k  

flow  ra te   l imi t ing  or  ve loc i ty   fuse  type  check   va lves   78  and  79  a s  

shown  s c h e m a t i c a l l y   in  F igure   2.  The  va lves   78  and  79  are  o p e r a b l e  

to  close  in  r e s p o n s e   to  a  b r e a k   in  the  line  80  to  p r e v e n t   fluid  f r o m  

e s c a p i n g   from  the  c h a m b e r   55  or  from  be ing   to ta l ly   d i s c h a r g e d   f r o m  

the  s u p p l y   c i r cu i t   i n c l u d i n g   the  pump  92  and  a c c u m u l a t o r   a s s e m b l y  

42.  A  manual ly   o p e r a b l e   valve  81  is  c o n n e c t e d   ac ross   check  valve  78 

for  r e p r e s s u r i z i n g   a  r e p a i r e d   or  r e p l a c e d   hose  so  that   the  va lve   78 

may  be  r e o p e n e d   wi thou t   d e p r e s s u r i z i n g   the  fluid  supp ly   c i r c u i t .  

High  p r e s s u r e   h y d r a u l i c   fluid  is  c o n d u c t e d   t h r o u g h   the  line  80  i n t o  

an  inlet   p a s s a g e   82  in  end  cap  62  which  leads  to  the  a n n u l a r   f l u i d  

p r e s s u r e   c h a m b e r   55  by  way  of  an  a n n u l a r   c h a m b e r   83  and  f l u i d  

p a s s a g e s   85 .  

A c c o r d i n g   to  o p e r a t i o n   cf  the  h y d r a u l i c   a c t u a t o r   a s s e m b l y  

40,  the  a c c u m u l a t o r   a s sembly   42  is  su i t ab ly   c h a r g e d   to  place  the  r i s e r  

18  u n d e r   a  p r e d e t e r m i n e d   level  of  t ens ion .   The  p n e u m o - h y d r a u l i c  

a c c u m u l a t o r   a s sembly   42  i nc ludes   a  p l u r a l i t y   of  h y d r a u l i c   p r e s s u r e  

t a n k s   88  which  are  a d a p t e d   to  r ece ive   a  v a r i a b l e   volume  of  h y d r a u l i c  

w o r k i n g   fluid  and  to  be  c h a r g e d   with  air  or  an  ine r t   gas  from  a  



such as The air or gas pressure is 

regulate to a substantially constant valve and may also be provided 

by use of compressed air or gas bottles (not shown). 

in reaction, the lined hydraulic actuator assembly 40 is 

c h a r g e d   with  h y d r a u l i c   fluid  to  place  a  p r e d e t e r m i n e d   level  o f  

t e n s i   for  example   250  k ips ,   on  the  r i s e r   18.  As  the  f l o a t i n g  

p la t form  falls  in  e leva t ion   with  r e s p e c t   to  the  p r o d u c t i o n   r i s e r   18  i n  

response to wave movement or section, the housing 18 in 

displaced downwardly with respect to the piston 52. The volume of 

the  p r e s s u r e   c h a m b e r   55  i n c r e a s e s   p r o p o r t i o n a t e l y   and  the  p r e s s u r e  
of  the  w o r k i n g  f l u i d   con ta ined   t h e r e i n   t ends   to  d iminish   but  the  c h e c k  

va lve s   78  and  79,  w h i c h  a r e   s u i t a b l y  b l a s e d   to  be  normal ly   o p e n ,  

admit  h igh  p r e s s u r e   h y d r a u l i c   where in   fluid  from  the  a c c u m u l a t o r  

a s semb ly   42  into  the  inlet  p a s s a g e  o f   by  way  of  line  80.  By  t h i s  

o p e r a t i o n ,   the  p r e s s u r e   chamber   55  is  m a i n t a i n e d   filled  with  h i g h  

p r e s s u r e   h y d r a u l i c   w o r k i n g   fluid  at  a  s u b s t a n t i a l l y   c o n s t a n t   p r e s s u r e  

w h e r e b y   the  p i s ton   52  and  p r o d u c t i o n   r i s e r   18  are  s u p p o r t e d   by  a  

column  of  h y d r a u l i c   fluid  which  i n c r e a s e s   and  d e c r e a s e s   in  i t s  

l o n g i t u d i n a l   e x t e n t   as  the  h o u s i n g   member  44  is  d i s p l a c e d   by  t h e  

h e a v i n g   action  of  the  f lea t ing   p l a t fo rm.   when  the  p l a t fo rm  is  b e i n g  

d i s p l a c e d   in  an  u p w a r d   d i r e c t i o n   r e l a t ive   to  the  r i s e r   s t r i n g ,   t h e  

w o r k i n g   fluid  c o n t a i n e d   within  the  p r e s s u r e   c h a m b e r   55  is  d i s c h a r g e d  

back   t h r o u g h   the  line  80  by  way  of  the  normal ly   open  va lves   78  a n d  

79  into  the  a c c u m u l a t o r   t anks   88 .  

The  h y d r a u l i c   fluid  s u p p l y   c i r cu i t   f u r t h e r   i n c l u d e s   a  

r e s e r v o i r   8 6  c o n n e c t e d   to  the  inlet   por t   of  the  pump  92  for  s u p p l y i n g  

m a k e u p   fluid  t h r o u g h   a  check   valve  94  to  the  sys tem  i n c l u d i n g   t h e  

a c c u m u l a t o r   t anks   88.  The  r e s e r v o i r   83  i n c l u d e s   a  float  s w i t c h  

a s s e m b l y   96  c o n n e c t e d   to  a  sou rce   o f  p r e s s u r e   air  for  o p e r a t i n g   t h e  

pump  92  When  a  float  99  s ense s   a  p r e d e t e r m i n e d   level  in  t h e  

r e s e r v o i r .  

The  l eakage   flow  r e t u r n   lines  65  and  84  are  c o n n e c t e d   t o  

the  r e s e r v o i r   by  w a y  o f   the  inlet   line  for  pump  92,  as  shown.   T h e  

l eakage   flow  r e t u r n   lines  65  and  84  are  also  c o n n e c t e d   to  r e p s e c t i v e  

p r e s s u r e   sw i t ches   95  and  97  which ,   in  t u r n ,   are  o p e r a b l e   to  e n e r g i z e  

r e s p e c t i v e   i n d i c a t o r s   103  and  101  if  t h e  f l u i d   flow  t h r o u g h   the  l i n e s  

65  a n d / o r   to  a b o v e   exceed   a  p r e d e t e r m i n e d   r a te .   A c c o r d i n g l y ,  



imminent   fa i lu re   of  the  p r i m a r y   p a c k i n g s   56  and  67  may  be  d e t e c t e d  

and  c o r r e c t i v e   act ion  taken   be fo re   the  a c t u a t o r   a s s emb ly   40  s u f f e r s   a  

total   loss  of  fluid  from  the  c h a m b e r   55 .  

Dynamic  o p e r a t i o n   of  the  h y d r a u l i c   a c t u a t o r   a s sembly   40  i s  

i l l u s t r a t e d   in  F i g u r e  4   of  the  d r a w i n g ,   where   the  force  v a r i a t i o n  

e x e r t e d   by  the  a c t u a t o r   is  shown  g r a p h i c a l l y   as  a  f unc t i on   of  the  s h i p  

pos i t i on   with  r e s p e c t   to  an  a r b i t r a r y   r e f e r e n c e   level  w h i c h  

c o r r e s p o n d s   to  a  p r e d e t e r m i n e d   t en s ion   level.   The  force  v a r i a t i o n  

e x e r t e d   by  the  a c t u a t o r   40  for  a  92  cubic  foot  a c c u m u l a t o r   is  s h o w n  

by  the  g r a p h   100  and  the  c o r r e s p o n d i n g   force  v a r i a t i o n   for  a  183 

cubic   feet  a c c u m u l a t o r   is  shown  by  the  g r a p h   102.  These   g r a p h s  

i n d i c a t e   tha t   as  the  c apac i ty   of  the  a c c u m u l a t o r   sys tem  i n c r e a s e s ,  

p r o p o r t i o n a t e l y   less  c y l i n d e r   force  v a r i a t i o n   is  e x p e r i e n c e d   for  a  

given  c h a n g e   in  p la t form  p o s i t i o n .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  v e r s a t i l e   and  r o b u s t  

motion  c o m p e n s a t i n g   a p p a r a t u s   for  m a i n t a i n i n g   a  s u b s t a n t i a l l y   c o n s t a n t  

t e n s i o n   load  on  a  p r o d u c t i o n   r i s e r   while  s u b s t a n t i a l l y   r e d u c i n g   t h e  

b e n d i n g   s t r e s s e s   i n d u c e d   in  the  r i s e r   by  the  roll  and  p i tch   of  t h e  

p la t fo rm  to  which  it  is  a t t a c h e d .   These   a d v a n t a g e s   are  made  p o s s i b l e  

by  the  r e s i l i en t   b e a r i n g   a r r a n g e m e n t   in  combina t ion   with  the  l i n e a r  

h y d r a u l i c   a c t u a t o r   a s sembly .   This  motion  c o m p e n s a t i n g   a r r a n g e m e n t  

t h e r e f o r e   pe rmi t s   v a r i o u s   ac t iv i t i e s   to  be  c a r r i e d   out  at  g r e a t e r   o c e a n  

d e p t h s   and  in  h e a v i e r   seas  than   has  been  poss ib l e   with  c o n v e n t i o n a l  

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

The  p a r t i c u l a r   de ta i ls   of  c o n s t r u c t i o n   d i sc losed   h e r e i n   a r e ,  

of  c o u r s e ,   only  i l l u s t r a t i v e .  



1 .  M o t i o n   c o m p e n s a t i n g   a p p a r a t u s   use fu l   for  m a i n t a i n i n g   a  

t en s ion   load  on  a  pipe  s t r i n g   s u p p o r t e d   from  a  r e l a t i v e l y   m o v a b l e  

p la t fo rm  such  as  a  f loa t ing   vesse l   sub jec t   to  movement   by  wave  a c t i o n  

and  the  l ike,   the  a p p a r a t u s   c o m p r i s i n g :  

d i s p l a c e a b l e   means  e n g a g e a b l e   b e t w e e n   the  v e s s e l   and  t h e  

pipe  s t r i n g   and  ope rab le   for  v a r y i n g   the  d i s t a n c e   b e t w e e n   the  v e s s e l  

and  the  pipe  s t r i n g ;  

p a s s i v e   means  coupled   to  the  d i s p l a c e a b l e   means  f o r  

a c t u a t i n g   the  d i sp l aceab l e   means  to  maintain  a  pos i t ive   l i f t ing   force  o n  

the  pipe  s t r i n g   as  the  vesse l   is  d i s p l a c e d   v e r t i c a l l y   r e l a t ive   to  t h e  

pipe  s t r i n g ;   a n d  

a  b e a r i n g   member  d i s p o s e d   i n t e r m e d i a t e   the  ve s se l   a n d  

d i s p l a c e a b l e   means ,   the  b e a r i n g   member   h a v i n g   a  r e s i l i en t   p o r t i o n   f o r  

r e a c t i n g   radia l   loads  coupled   in  s u p p o r t i n g   e n g a g e m e n t   with  t h e  

d i s p l a c e a b l e   means  for  p e r m i t t i n g   a n g u l a r   d i s p l a c e m e n t   of  the  v e s s e l  

r e l a t i ve   to  the  pipe  s t r i n g   in  r e s p o n s e   to  roll  and  p i tch   m o v e m e n t s  

i m p a r t e d   to  the  ve s se l   by  the  wave  a c t i o n .  

2.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f i ned   i n  

Claim  1  w h e r e i n :  

the  pipe  s t r i n g   is  a  marine  r i s e r   of  the  type   e n c l o s i n g   a  

c e n t r a l   p a s s a g e   t h r o u g h   which  p r o d u c t i o n   e q u i p m e n t   is  e x t e n d e d   f r o m  

a  p r o d u c t i o n   site  to  a  f loa t ing   ve s se l ,   the  d i s p l a c e a b l e   m e a n s  

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

hollow  p i s ton   c o n c e n t r i c a l l y   d i s p o s e d   within  the  h o u s i n g   and  d e f i n i n g  

an  a n n u l a r   fluid  p r e s s u r e   c h a m b e r   i n t e r m e d i a t e   the  h o u s i n g   a n d  

p i s t o n ,   the  space  enc losed   within  the  i n t e r i o r   of  the  hollow  p i s t o n  

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

e q u i p m e n t   may  be  e x t e n d e d .  

3.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f ined   i n  

Claim  1  w h e r e i n :  

.  the  b e a r i n g   member  c o m p r i s i n g   an  a n n u l a r   sect ion  of  a  

s u b s t a n t i a l l y   s p h e r i c a l   l amina ted   body   of  s u p e r p o s e d   l a y e r s   of  all 

e las t ic   mater ial   and  of  a  r e l a t i v e l y   ine las t i c   mate r ia l ,   the  a n n u l a r  

sec t ion   de f in ing   a  cen t r a l   p a s s a g e w a y   t h r o u g h   which  the  p r o d u c t i o n  

e q u i p m e n t   may  be  e x t e n d e d .  



4.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f ined   i.1 

Claim 1  w h e r e i n :  

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

accumu  lator  a s s e m b l y   c o n n e c t e d   in  fluid  communicat ion  with  t h e  

p r e s s u r e   c h a m b e r   for  s u p p l y i n g   h y d r a u l i c   fluid  to  and  for  r e c e i v i n g  

h y d r a u l i c   f luid  from  the  p r e s s u r e   c h a m b e r   in  r e s p o n s e   to  a  change   in 

its  v o l u m e .  

5.  The  motion  c o m p e n s a u n g   a p p a r a t u s   as  de f ined   i n  

Claim  4  w h e r e i n :  

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

a c c u m u l a t o r   means  for  s t o r i n g   p r e s s u r i z e d   h y d r a u l i c   work ing   fluid  an ;  

a  s o u r c e   of  c o m p r e s s e d   gas  c o n n e c t e d   in  fluid  communica t ion   with  a n d  

a c c u m u l a t o r   means  for  p r o v i d i n g  a  p r e d e t e r m i n e d   fluid  p r e s s u r e   o f  t h e  

hydrau  lic  w o r k i n g   fluid  in  the  c y l i n d r i c .  

6.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f ined   i n  

Claim  2  w h e r e i n :  

said  p i s ton   is  s ea l ing ly   e n g a g e d   with  said  h o u s i n g  t o   f o r m  

the  p r e s s u r e   c h a m b e r   by  r e s p e c t i v e   sets   of  p r i m a r y   a n d  s e c o n d a r y  
seal  means ,   each  of  said  sets  cf  said  mean  i m e n d i n g   p a s s a g e   w a l l s  

i n t e r p e s e d   b e t w e e n   said  p r i m a r y   seal  means  and  said  s e c o n d a r y  e a c h  

means  for  c o n d u c t i n g   fluid  l eakage   flow  from  said  a c t u a t o r s   f l u i d  

c i rcu i t   i n c l u d i n g   a  r e s e r v o i r ,   and  i n d i c a t o r   means  in  said  c i rcu i t   f o r  

d e t e c t i n g   e x c e s s i v e   fluid  l eakage   flow  t h r o u g h   s a i d  p r i m a r y  r e a l  

m e a n s .  

7.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f ined   in  

Claim 5  w h e r e i n :  

a  h y d r a u l i c   pump  is  p r o v i d e d   for  c h a n g i n g  ;   p o r t i o n  o f   t h e  

fluid  c i rcu i t ,   the  pump  be ing   c o n n e c t e d   'c  a  r e s e r v o i r ,  a n d   t h e  

r e s e r v o i r   i n c l u d e s   a  f l o a t   swi tch  c o n n e c t e d   to  a  sou rce   of  p r i c e   f o r  

e n e r g i z i n g   the  pump  to  r e c h a r g e   the  por t ion   o f  t h e   fluid  c i r c u i t  

i n c l u d i n g   the  h y d r a u l i c   a c t u a t u r   when  the  f l u i d  i n  t h e   r e s e r v o i r  

r e a c h e s   a  p r e d e t e r m i n e d   l e v e l .  



8.  The  motion  c o m p e n s a t i n g   a p p a r a t u s   as  de f ined   in  Claim 

4  w h e r e i n :  

said  a c c u m u l a t o r   a s s e m b l y   is  c o n n e c t e d   to  said  p r e s s u r e  
c h a m b e r   by  condu i t   means  i n c l u d i n g   flow  rate   l imi t ing  valve  m e a n s  

o p e r a b l e   to  shu t   off  fluid  flow  out  of  said  p r e s s u r e   c h a m b e r   and  s a i d  

a c c u m u l a t o r   a s s e m b l y   in  r e s p o n s e   to  a  loss  of  fluid  from  said  c o n d u i t  

m e a n s .  

9.  Motion  c o m p e n s a t i n g   a p p a r a t u s   for  s u p p o r t i n g   a  l o a d  

from  a  p la t form  which  is  sub jec t   to  v e r t i c a l ,   roll  and  p i t ch   m o v e m e n t s  

c o m p r i s i n g ,   in  c o m b i n a t i o n :  

a  l inear   a c t u a t o r   i n c l u d i n g   a  h o u s i n g   member   and  a  p i s t o n  

member   movable  r e l a t ive   to  the  h o u s i n g   member ,   the  p i s ton   m e m b e r  

b e i n g   coupled   in  s u p p o r t i n g   e n g a g e m e n t   with  the  l o a d ;  

a  b e a r i n g   member  d i s p o s e d   i n t e r m e d i a t e   the  p la t form  a n d  

l inear   a c t u a t o r   and  c o n n e c t e d   in  s u p p o r t i n g   e n g a g e m e n t   with  t h e  

h o u s i n g   member ,   the  b e a r i n g   member  h a v i n g   a  r e s i l i e n t   p o r t i o n   f o r  

r e a c t i n g   rad ia l   and  axial  loads  for  p e r m i t t i n g   a n g u l a r   d i s p l a c e m e n t   o f  

the  p la t fo rm  while  c o o p e r a t i n g   with  the  l inear   a c t u a t o r   to  re l ieve   a x i a l  

s t r e s s e s   c a u s e d   by  v e r t i c a l   movement   of  the  p la t form  r e l a t i ve   to  t h e  

load;  a n d  

means  coup led   to  the  l inear   a c t u a t o r   for  d r i v i n g   the  p i s t o n  

member   in  o p p o s i t i o n   to  ve r t i c a l   movement   of  the  p l a t fo rm  r e l a t i ve   t o  

the  l o a d .  



10.  In  c o m b i n a t i o n :  

a  r e s i l i en t   b e a r i n g   member  c o m p r i s i n g   an  a n n u l a r   section  o f  

a  s u b s t a n t i a l l y   s p h e r i c a l   laminated   body  of  s u p e r p o s e d   layers   of  a n  
e las t ic   mater ia l   and  of  a  r e l a t i ve ly   ine las t i c   m a t e r i a l ;  

a  h y d r a u l i c   a c t u a t o r   s u p p o r t e d   by  said  r e s i l i en t   b e a r i n g  

member  c o m p r i s i n g   a  cy l i nd r i ca l   h o u s i n g   c o n n e c t e d   to  said  b e a r i n g  

member   and  a  c y l i n d r i c a l   p i s ton   s l idab ly   d i s p o s e d   within  said  h o u s i n g ,  

the  p i s ton   and  h o u s i n g   de f i n ing   an  a n n u l a r   fluid  p r e s s u r e   c h a m s e r  

which  c h a n g e s   in  volume  with  d i s p l a c e m e n t   of  said  p is ton   r e l a t ive   t o  

said  h o u s i n g ;   a n d  

a c c u m u l a t o r   means  c o n n e c t e d   in  fluid  communica t ion   with  t h e  

p r e s s u r e   c h a m b e r   for  s u p p l y i n g   p r e s s u r i z e a   h y d r a u l i c   fluid  to  and  f o r  

r e c e i v i n g   h y d r a u l i c   fluid  from  the  p r e s s u r e   chamber   in  ressources  to 

c h a n g e s   in  its  v o l u m e .  

11.  Heave  c o m p e n s a t i o n   a p p a r a t u s   for  s u p p o r t i n g  a   l o a c  

b e n e a t h   a  f loa t ing   vesse l   c o m p r i s i n g   a  l inear   h y d r a u l i c  a n   accur 

i n c l u d i n g   a  h o u s i n g   and  a  p i s ton   hav ing   a  f i rs t   end  p o u r  

a t t a c h m e n t   to  the  load  and  a  second   end  po r t ion   movably  coup l e s   to 

the  h o u s i n g   d e f i n i n g   a  fluid  t i g h t ,   a n n u l a r   p r e s s u r e   c h a m b e r  

i n t e r m e d i a t e   the  p i s ton   and  h o u s i n g  a n d  c h a n g e  i n  c o u p l e   in  t h e  

p i s ton   is  d i s p l a c e d   r e l a t ive   to  the  hous ing :   a c c u m u l a t o r  m e a n s  

c o n n e c t e d   in  f luid  communica t ion   with  the  p r e s s u r e   chamber   f o r  

s u p p l y i n g   h y d r a u l i c   fluid  to  and  for  r e c e i v i n g   h y d r a u l i c   the  f rom 

the  p r e s s u r e   c h a m b e r   in  r e s p o n s e   to  a  change   in  its  v o l u m e ;   an  a rea  

of  c o m p r e s s e d   gas  c o n n e c t e d   i n  f l u i d   programmation w  ith  t h e  

a c c u m u l a t o r   means  for  a p p l y i n g   p r e s s u r e  t o   the hy  d r a u l i c  f l u i d  i n   t h e  

a c c u m u l a t o r ;   and ,   a  b e a r i n g   member  f o r  a u a c h m e n t   to  the  pressed 

be ing   coup led   in  s u p p o r t i n g   e n g a g e m e n t   w i t h  t h e   a c t u a t e s   h a v i n g ,  

the  b e a r i n g   member  h a v i n g   a  r e s i l i en t   po r t ion   for  r e a c t i n g   medial  a n d  

a x i a l  l o a d s   for  p e r m i t t i n g   a n g u l a r   d i s p l a c e m e n t   of  the  through  r o s s e l  

while  c o o p e r a t i n g   with  the  l inear   h y d r a u l i c   a c t u a t o r   to  change  a r i a l  

s t r e s s e s   i n d u c e d   in  the  load  by  the  movemen,   of  she  presse  and  are  to  

the  l o a d .  



12.  In  an  o f f sho re   p r o d u c t i o n   faci l i ty  of  the  type   i n c l u d i n g  

a  f loa t ing   p la t form  s i t u a t e d   above  a  p r o d u c t i o n   site  on  the  ocean  f l o o r  

and  a  marine  r i s e r   e x t e n d i n g   f r o m  t h e   p r o d u c t i o n   site  to  the  f l o a t i n g  

p l a t f o r m ,   the  marine  r i s e r   enc lo s ing   a  c e n t r a l   p a s s a g e w a y   t h r o u g h  

which  p r o d u c t i o n   e q u i p m e n t   is  e x t e n d e d   for  c o n n e c t i o n   to  p r o d u c t i o n  

e q u i p m e n t   c a r r i e d   by  the  f loa t ing   p l a t fo rm,   the  combina t ion   with  t h e  

marine  r i s e r   of  a  l inear   h y d r a u l i c   a c t u a t o r   h a v i n g   a  hollow  h o u s i n g  

coup led   to  the  floating'  p la t form  and  a  hollow  p i s ton   coup led   to  t h e  

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

within  the  h o u s i n g   d e f i n i n g   a  fluid  p r e s s u r e   chamber   in  the  a n n u l a r  

space   i n t e r m e d i a t e   the  h o u s i n g   and  p i s t o n ,   the  space   enc losed   w i t h i n  

the  i n t e r i o r   of  the  hollow  p i s ton   c o m m u n i c a t i n g   with  the  r i s e r  

p a s s a g e w a y   and  de f i n ing   a  c en t r a l   p a s s a g e w a y   t h r o u g h   which  t h e  

p r o d u c t i o n   e q u i p m e n t   may  be  e x t e n d e d ,   and  a  h y d r a u l i c   a c c u m u l a t o r  

c o n n e c t e d   in  fluid  communica t ion   with  the  f luid  p r e s s u r e   c h a m b e r   f o r  

m a i n t a i n i n g   h y d r a u l i c   w o r k i n g   fluid  u n d e r   p r e s s u r e   in  said  c h a m b e r  

as  said  p la t form  heaves   and  falls  in  r e s p o n s e   to  wave  movements   o f  

the  o c e a n .  

13.  In  an  o f f shore   p r o d u c t i o n   rig  of  the  type   i n c l u d i n g   a  

s u r f a c e   faci l i ty  s i t u a t e d   above  an  ocean  floor  p r o d u c t i o n   site  and  a  

marine  r i se r   e x t e n d i n g   from  the  p r o d u c t i o n   site  to  the  s u r f a c e  

fac i l i ty ,   the  marine  r i se r   enc lo s ing   a  c en t r a l   p a s s a g e w a y   t h r o u g h  

which  p r o d u c t i o n   e q u i p m e n t   is  e x t e n d e d   for  c o n n e c t i o n   to  p r o d u c t i o n  

e q u i p m e n t   c a r r i ed   by  the  su r f ace   fac i l i ty ,   the  combina t ion   with  t h e  

marine  r i se r   of  a  b e a r i n g   member  r e s i l i en t ly   c o u p l i n g   the  marine  r i s e r  

to  the  su r f ace   fac i l i ty ,   the  b e a r i n g   member  h a v i n g   a  r e s i l i e n t   p o r t i o n  

for  r e a c t i n g   radial   and  axial  loads  for  p e r m i t t i n g   a n g u l a r   d i s p l a c e m e n t  

of  the  su r f ace   faci l i ty  re la t ive   to  the  marine  r i s e r   in  r e s p o n s e   to  ro l l  

and  p i tch   movements   of  the  su r f ace   f a c i l i t y .  

14.  The  combina t ion   as  de f ined   in  Claim  13,  the  b e a r i n g  

member  c o m p r i s i n g   a  l amina ted   body  of  s u p e r p o s e d   l aye r s   of  an  e l a s t i c  

mater ia l   and  of  a  r e l a t ive ly   ine las t ic   m a t e r i a l .  



15.  The  combina t ion   as  def ined  in  Claim  13,  where in   t h e  
b e a r i n g   member   is  c h a r a c t e r i z e d   bv  an  a n n u l a r   sect ion  o f   a 
s u b s t a n t i a l l y   s p h e r i c a l   l amina ted   body  of  s u p e r p o s e d   l aye r s   of  a n  
elast ic   mater ia l   and  of  a  r e l a t i v e l y   inc las t i c   mate r ia l ,   the  a n n u l a r  
sect ion  d e f i n i n g   a  c e n t r a l   o p e n i n g   c o m m u n i c a t i n g   with  the  r i s e r  
p a s s a g e w a y   t h r o u g h   which  the  p r o d u c t i o n   e q u i p m e n t   may  b e  
e x t e n d e d .  



16.  In  c o m b i n a t i o n :  

a  f loa t ing   p la t form  h a v i n g   an  o p e n i n g   for  p r o v i d i n g   a c c e s s  

to  the  water   b e n e a t h   the  p l a t f o r m ;  

a  c y l i n d r i c a l   h o u s i n g   p r o j e c t i n g   t h r o u g h   said  o p e n i n g  

h a v i n g   a  f i rs t   open  end  po r t ion   d i s p o s e d   above  said  p la t form  and  a  

s econd   open  end  por t ion   d i s p o s e d   below  said  p l a t f o r m ;  

a  c y l i n d r i c a l   p i s ton   c o n c e n t r i c a l l y   d i s p o s e d   within  s a i d  

h o u s i n g   de f i n ing   an  a n n u l a r   fluid  p r e s s u r e   c h a m b e r   r a d i a l l y  

i n t e r m e d i a t e   the  p i s ton   and  h o u s i n g ,   said  p i s ton   h a v i n g   a  f i r s t   o p e n  
end  po r t i on   d i s p o s e d   within  said  h o u s i n g   and  h a v i n g   a  second   o p e n  

end  po r t i on   p r o j e c t i n g   t h r o u g h   said  second  open  end  of  said  h o u s i n g ;  

a  f i r s t   a n n u l a r   seal  d i s p o s e d   i n t e r m e d i a t e   said  p i s ton   a n d  

said  h o u s i n g ,   said  seal  be ing   s e c u r e d   to  said  f i r s t   open  end  p o r t i o n  

t h e r e b y   p r o v i d i n g   a  movable  f luid  b a r r i e r   for  c o n t a i n i n g   p r e s s u r i z e d  

h y d r a u l i c   fluid  in  said  p r e s s u r e   c h a m b e r   as  said  p i s ton   is  d i s p l a c e d  

within  said  h o u s i n g   in  r e s p o n s e   to  a  change   in  p r e s s u r e   of  s a i d  

h y d r a u l i c   f l u i d ;  

a  s e c o n d   a n n u l a r   seal  d i s p o s e d   i n t e r m e d i a t e   said  p i s ton   a n d  

.said  h o u s i n g ,   said  second   a n n u l a r   seal  be ing   s e c u r e d   to  the  s e c o n d  

open  end  po r t i on   of  said  c y l i n d r i c a l   h o u s i n g   t h e r e b y   p r o v i d i n g   a  f i x e d  

fluid  b a r r i e r   for  c o n t a i n i n g   p r e s s u r i z e d   h y d r a u l i c   w o r k i n g   fluid  i n  

said  chamber   as  said  p i s ton   is  d i sp l aced   within  said  h o u s i n g   i n  

r e s p o n s e   to  a  change   in  p r e s s u r e   of  said  f l u i d ;  

a  load  d i s p o s e d   in  the  water   b e n e a t h   said  p l a t f o r m ,   s a i d  

load  be ing   c o n n e c t e d   to  the  second   open  end  of  said  p i s t o n ;  

a  b e a r i n g   member  d i s p o s e d   i n t e r m e d i a t e   the  p la t form  a n d  

said  h o u s i n g   and  in  load  s u p p o r t i n g   e n g a g e m e n t   with  said  h o u s i n g   f o r  

p e r m i t t i n g   a n g u l a r   d i s p l a c e m e n t   of  said  p la t fo rm  r e l a t i ve   to  s a i d  

h o u s i n g   as  said  p la t form  rolls  and  p i t che s   in   r e s p o n s e   to  w a v e  

movements   of  the  water ;   a n d  

means  c o n n e c t e d   in  fluid  communica t ion   with  said  f l u i d  

p r e s s u r e   chamber   for  ma in t a in ing   h y d r a u l i c   w o r k i n g   fluid  u n d e r  

p r e s s u r e   in  said  c h a m b e r   as  said  p la t form  heaves   and  falls  i n  

r e s p o n s e   to  wave  movements   of  the  w a t e r .  



17.  Motion  c o m p e n s a t i n g   a p p a r a t u s   for  s u p p o r t i n g   a  mar im-  

r i s e r   of  the  type   e n c l o s i n g   a  cen t ra l   p a s s a g e   t h r o u g h   which 

p r o d u c t i o n   e q u i p m e n t   is  e x t e n d e d   from  a  p r o d u c t i o n   site  to  a  f l o a t i n g  

s u r f a c e   faci l i ty   c o m p r i s i n g ,   in  c o m b i n a t i o n :  

a  r e s i l i en t   b e a r i n g   member  for  m u u n t i n g   on  the  s u r f a c e  

facil i ty  c h a r a c t e r i z e d   by  an  a n n u l a r   sect ion  of  a  s u b s t a n t i a l l y  

s p h e r i c a l   l amina ted   body   of  s u p e r p o s e s   l aye r s   of  an  e las t ic   m a t e r i a l  

and  of  r e l a t i v e l y   i ne l a s t i c   ma te r i a l ,   the  a n g u l a r   sect ion  de f in ing   a  

c e n t r a l   p a s s a g e w a y   t h r o u g h   which  the  p r o d u c t i o n   e q u i p m e n t   may  be  

e x t e n d e d ;  

a  h y d r a u l i c   l inear   a c t u a t o r   s u p p o r t e d   by  the  r e s i l l e n t  

b e a r i n g   member   i n c l u d i n g   a  hollow  c y l i n d r i c a l   h o u s i n g   c o n n e c t e d   t o  

the  b e a r i n g   member  and  p r o j e c t i n g   t h r o u g h  t h e   c en t r a l   p a s s a g e w d ,   o f  

the  b e a r i n g   member ,   a  hollow  c y l i n d r i c a ,   pr ison  of  r e l a t i v e   sma l l e r  

d i ame te r   s a v i n g   a  f i r s t   end  p o r t i o n  c o n d i t i o n a l l y   d i s o s c e r   a  t h e  

c y l i n d r i c a l   h o u s i n g   and  h a v i n g   a  s econd   ena  po r t ion   for  connec  ion  to  

the  r i s e r ,   the  a n n u l a r   space  i n t e r m e d i a t e   the  c y l i n d r i c a l   hous ing   a n d  

c y l i n d r i c a l   p i s ton   d e f i n i n g   a  fluid  p r e s s u r e   c h a m b e r   which  G r a u n g e s  a  
volume  with  axial  d i s p l a c e m e n t   of  the  h o u s i n g   r e l a t ive   to  the  p i s t o n ,  

the  space   enc losed   within  the  i n t e r i o r   of  the  hollow  c y l i n d r i c a l   p i s t o n  

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

e q u i p m e n t   may  be  e x t e n d e d ,   and  s ea l ing   means  e x p o s e d   in  t h e  

p r e s s u r e   c h a m b e r   for  c o n t a i n i n g   p ressur i ezed   h y d r a u l i c     t h e  

p r e s s u r e   c h a m b e r   as  the  p i s ton   and  h o u s i n g   are  d i s p l a c e d  

each  o t h e r   a n d  

a c c u m u l a t o r   means  c o n n e c t e d  

fluid  p r e s s u r e   c h a m b e r   f o r  

there in  u n d e r   p r e s s u r e   as  the  s u r f a c e   faci l i ty  h a v e s  a n d  t h i s   in  

r e s p o n s e   to  wave  m o v e m e n t s .  
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