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(54)  Faired  umbilical  cable. 
  The  present  invention  pertains  to  an  underwater  seismic 
cable  which  has  at  least  one  tensile  cable  (20)  placed 
upstream  in  faired  cross-sectional  arrangement.  Located 
downstream  of  the  tensile  cable  (20)  are  placed  other  electri- 
cal. pneumatic  and  hydraulic  cables  (21)  and  hoses  (22),  with 
the  electrical  cable  (20). 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

In  o f f s h o r e   s e i s m i c   o p e r a t i o n s ,   an  u m b i l i c a l   c a b l d   i s  

r e q u i r e d   to   p u l l   a  gun  a r r a y ,   as  w e l l   as  to  p r o v i d e   a i r ,  

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

C o n v e n t i o n a l   p r a c t i c e   in  t h i s   a r t   has  been   to   u s e  

j a c k e t e d   b u n d l e s   w h i c h   c o n t a i n   v a r i o u s   a i r   h o s e s ,   t e n s i o n  

c a b l e s   and  e l e c t r i c a l   c o n d u c t o r s   or  to   u se   a r m o r e d   c a b l e s  

c o n t a i n i n g   h o s e s   and  c o n d u c t o r s .   Such  b u n d l e s   do  n o t  

l a s t   l o n g   b e c a u s e   tow  f o r c e s ,   wave  f o r c e s   and  c a b l e  

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

u m b i l i c a l   c a b l e   to   a  p o i n t   w h e r e   c o n d u c t o r s   b r e a k   and  l e a k .  

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

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

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

c a b l e s   t e n d   to  pu t   p o i n t   p r e s s u r e s   on  t h e   e l e c t r i c a l  



c o n d u c t o r s ,   c a u s i n g   b r e a k a g e   and  i n s u l a t i o n   l e a k a g e .  

T h i s   p r o b l e m   has  b e e n   r e c o g n i z e d   h e r e t o f o r e ,   and  one  s o l u t i o n  

has   been   to  use   a  d i s c r e t e   w i r e   r o p e   t e n s i o n   c a b l e   as  a  

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

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

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

and  t h e   e l e c t r i c a l / a i r   b u n d l e   a d j a c e n t   to   i t   is   n o t  

s i g n i f i c a n t l y   l o a d e d   in   t e n s i o n .   T h i s   m e t h o d   has   w o r k e d  

r e a s o n a b l y   w e l l   as  l o n g   as  t h e   b u n d l e   can   be  d rawn  u p  

" a c c o r d i a n   s t y l e "   w i t h o u t   r e e l i n g   i t   up.  B u t ,   as  l o n g e r  

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

f u r t h e r   o u t b o a r d   of   t h e   tow  v e s s e l ,   t h e   c o m p a c t e d  

c l o t h e s l i n e   b u n d l e   i s   too   l o n g   and  c a u s e s   t oo   much  d r a g  

to  be  e f f e c t i v e   and  p r a c t i c a l .   A n o t h e r   p r o b l e m   w i t h   t h i s  

m e t h o d   is   t h a t   v e r y   s h o r t - r a d i u s   bends   fo rm  in  t h e  

b u n d l e ,   and  as  t h e   c y c l e s   of  t he   b e n d s   i n c r e a s e ,   t h e  

b u n d l e   l i f e   i s   d e c r e a s e d .  

An  a l t e r n a t i v e   to  t h e   c a b l e / b u n d l e   s y s t a m   is  to   uae  a n  

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

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

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

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

h o s e s   r e d u c i n g   c a b l e   l i f e   due  tD  l e a k a g e .  

S t i l l   a n o t h e r   a l t e r n a t i v e   i s   to  b u i l d   an  a r m o r e d   c a b l e  

w i t h   an  o u t e r - s h e l l   t e n s i o n   member ,   and  h o s e s   and  e l e c t r i c a l  



c o n d u c t o r s   w i t h i n .   T h i s   is   f e a s i b l e   f rom  a  s t r e n g t h  

s t a n d p o i n t   and  is  r e e l a b l e   but   has   s e v e r a l   p r o b l e m s :  

f i r s t ,   t h e   u m b i l i c a l   c a b l e   i s   e x c e s s i v e l y   h e a v y ;  

s e c o n d ,   t h e   t e r m i n a t i o n s   a r e   d i f f i c u l t   to   s e a l ;   a n d  

t h i r d ,   t h e   c a b l e s   a r e   e x p e n s i v e   to   r e p l a c e   and  h a v e  

q u e s t i o n a b l e   r e l i a b i l i t y .  

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

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

have   a  l a r g e   o v e r a l l   d i a m e t e r   as  w e l l   as  a  p o o r   c r o s s -  

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

p r o b l e m   w i t h   h i g h   d r a g   has   come  a b o u t   b e c a u s e   o f  

i n c r e a s i n g   r e q u i r e m e n t s   to   tow  guns   in   a  wide   a r r a y  

and  at   h i g h e r   s p e e d s   as  shown  in  F i g u r e   1,  and  m o r e  

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

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

An  u m b i l i c a l   r e f e r r e d   to   as  F l e x p a k   
(TM)  is   m a n u f a c t u r e d  

by  H y d r i l   C o r p o r a t i o n   ( B u l l e t i n   2 0 8 6 ) .   The  F l e x p a k   
(TM) 

u m b i l i c a l   t e n d s   to  " c u p "   i n t o   f l o w   i n a s m u c h   as  i t   u t i l i z e s  

t e n s i o n i n g   c a b l e s   a t   b o t h   e x t r e m i t i e s   and  i s   no t   t h e  

e q u i v a l e n t   of  t h e   p r e s e n t   i n v e n t i o n .  

An  u m b i l i c a l   w i t h   a  f a i r e d   s h a p e   r e f e r r e d   to   as  F l e x n o s e  

is   m a n u f a c t u r e d   by  Fa thom  O c e a n o l o g y   L td .   ( b r o c h u r e s  

MSK  4,  S e p t e m b e r   1976  and  MSK  61,   A u g u s t   1 9 7 6 ) .   T h e  



F l e x n o s e   is   a  p r e f o r m e d   c l i p - o n   or   c l i p - t o g e t h e r   a n d  

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

u m b i l i c a l   of  t he   p r e s e n t   i n v e n t i o n .  

Summary  of  t h e   I n v e n t i o n  

The  p r i m a r y   p u r p o s e   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   an  u n d e r w a t e r   c a b l e   w h i c h   has   a  low  d r a g  

c o e f f i c i e n t   when  d e p l o y e d   o u t b o a r d   of  a  tow  v e s s e l .  

A n o t h e r   p u r p o s e   of  t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

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

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

b e i n g   wound  upon  a  r e e l   w i t h o u t   damage   to   t h e   c a b l e .  

P r e f e r a b l y ,   t h e   c a b l e   i s   an  u m b i l i c a l   s e i s m i c   c a b l e .  

In  a c h i e v i n g   t h e   p u r p o s e s   of  t h e   p r e s e n t   i n v e n t i o n   a  

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

wh ich   c o n d u c t o r s   a r e   c o v e r e d   by  a  c o n t i n u o u s l y   e x t r u d e d  

j a c k e t   h a v i n g   a  f a i r e d   c r o s s - s e c t i o n .   Even  m o r e  

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

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

s i d e - b y - s i d e   i n s i d e   a  j a c k e t ,   t h e   t e n s i o n   member  b e i n g  

a x i a l l y   s t i f f e r   t h a n   t h e   a d j a c e n t   h o s e s   and  c o n d u c t o r s .  

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

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

c o r e   m e m b e r ,   w i t h   t h e   j a c k e t e d   a s s e m b l y   of   c o n d u c t o r s  

b e i n g   a r r a n g e d   s i d e - b y - s i d e   w i t h   t h e   t e n s i o n   m e m b e r .  

P r e f e r a b l y ,   t h e   c a b l e   i s   a  s e i s m i c   c a b l e .  



B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g s  

F i g u r e   1  i s   a  p l a n   v iew  of  a  wide   s u b a r r a y  

c o n f i g u r a t i o n .  

F i g u r e s   2 

and  3  a r e   c r o s s - s e c t i o n a l   v i e w s   of  c a b l e  

c o n f i g u r a t i o n s .  

F i g u r e s   4 

and  5  a r e   c r o s s - s e c t i o n a l   v i e w s   of  v a r i o u s  

c a b l e   r e e l - u p s .  

D e s c r i p t i o n   of  P r e f e r r e d   E m b o d i m e n t s  

As  shown  in  F i g u r e   1,  a  s u b a r r a y   10  i s   towed  w i t h   a n  

u m b i l i c a l   s e i s m i c   c a b l e   11  at   a  p o s i t i o n   w h i c h   is  w e l l  

o u t b o a r d   f rom  v e s s e l   12.  W h i l e   m u l t i p l e   f l o a t s   a r e   n o r m a l l y  

u s e d ,   o n l y   one  i s   shown  h e r e   f o r   p u r p o s e s   of  i l l u s t r a t i o n .  

I t   i s   o f t e n   d e s i r e d   f o r   s e i s m i c   s t u d i e s   to   tow  f l o a t s   f a r  

o u t b o a r d   on  e i t h e r   s i d e   of  t he   tow  v e s s e l .   The  o f f s e t  

w i d t h   13  i s   d i r e c t l y   a f f e c t e d   by  t h e   f l u i d   d y n a m i c   d r a g  

f o r c e s   e x p e r i e n c e d   by  u m b i l i c a l   c a b l e   11.  A c c o r d i n g l y ,  

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

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

f a i r e d   c a b l e   d e s i g n   w i t h   a  t e n s i o n   member   or  t e n s i o n   m e m b e r s  



l o c a t e d   at  t h e   f o r w a r d   or   l e a d i n g   edge   of  t he   c r o s s -  

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

in  F i g u r e s   2  and  3.  The  f a i r e d   c a b l e   c o n s t r u c t i o n   i s  

l i k e   an  a i r p l a n e   wing  s h a p e   w i t h   t h e   p u r p o s e   b e i n g   t o  

r e d u c e   d r a g .   A  r o u n d   c a b l e   has  a  d r a g   c o e f f i c i e n t   o f  

a b o u t   1 .2  to   1 . 3 ,   d e p e n d i n g   upon  i t s   l i n e a r   d i a m e t e r .  

A  f l a t   c a b l e   w i t h   t h e   same  t h i c k n e s s   has   a  d r a g  

c o e f f i c i e n t   of  p e r h a p s . 1 3 ,   an  o r d e r   of  m a g n i t u d e  

r e d u c t i o n   in  d r a g .  

The  t e n s i o n   member s   20  and  30  in   F i g u r e s   2  and  3  a r e  

at   t he   f c r w a r d m o s t   l o c a t i o n s   f o l l o w e d   by  t h e   e l e c t r i c a l  

c a b l e s   21  and  31  and  a i r   h o s e s   22  and  32.  T e n s i o n  

members   20  and  30  a r e   p r e f e r a b l y   a n t i - t o r s i o n a l   s t e e l  

w i r e   r o p e   so  t h a t   when  t h e   u m b i l i c a l   c a b l e   is   u n d e r  

l o a d   i t   d o e s n ' t   t e n d   to   t w i s t   and  i s   v e r y   t o r s i o n a l l y  

s t a b l e .   Next   to   t h e   t e n s i o n   members   a r e   t h e   e l e c t r i c a l  

b u n d l e s   21  and  31.  These   b u n d l e s   a r e   p u r p o s e l y   d e s i g n e d  

to  be  much  more  f l e x i b l e   in  t he   a x i a l   d i r e c t i o n   t h a n  

t he   t e n s i o n   member s   20  and  30.  I t   i s   p r e f e r a b l e   to  u s e  

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

a r o u n d   e a c h   o t h e r   and  t h e n   l a y e r e d   a r o u n d   a  c i r c l e .   A 

s o f t   i n s e r t   23  and  33,  such   as  s o f t   r u b b e r ,   is   i n s e r t e d  

in  t he   m i d d l e   of  t h e   c i r c l e   so  t h a t   i t   a c t s   much  l i k e   a  

C h i n e s e   t h u m b p u l l e r   in   t h a t   i t   has  e n o u g h   s o f t n e s s   t h a t  

when  the   c a b l e   i s   p u l l e d ,   i t   w i l l   c o n t r a c t   r a d i a l l y ,  



and  t h e n   when  t e n s i o n   i s   s l a c k e d   o f f ,   i t   e x p a n d s .   T h e  

e l e c t r i c a l   c o n d u c t o r s   21  and  31  a r e   no t   t i g h t l y   n e s t l e d .  

The  t w i s t e d   p a i r s   of  c o n d u c t o r s   in  each   l a y e r   a r e  

not   p l a c e d   t o o   c l o s e   t o g e t h e r   so  t h a t   t h e   e l e c t r i c a l  

c o n d u c t o r s   can   f l e x ,   r e s u l t i n g   in   an  a x i a l l y   s o f t   c a b l e .  

The  n e x t   member   in  t he   c a b l e   a f t   of  t h e   t e n s i o n   m e m b e r  

and  t h e   e l e c t r i c a l   b u n d l e s   a r e   a i r   h o s e s   22  and  32.  T h e  

a i r   h o s e   a l s o   i s   d e s i g n e d   to   be  a x i a l l y   f l e x i b l e .   Some 

of  t h e   a i r   h o s e s   may  be  u s e d   f o r   h y d r a u l i c   h o s e   a s  

n e e d e d .  

T e n s i o n   m e m b e r s   20  and  30  can   be  c o a t e d   w i t h   a  s o f t   c o a t i n g  

to  make  them  r o u n d   and ,   whe re   t h e r e   i s   m o r e  t h a n   o n e  

c a b l e ,   t h e y   can   be  c i r c l e d   t o g e t h e r   as  shown  in  F i g u r e   2 

or  p l a c e d   s i d e   by  s i d e   as  shown  in  F i g u r e   3.  In  a d d i t i o n ,  

e l e c t r i c a l   b u n d l e s   21  and  31  can   be  j a c k e t e d   w i t h   a  s o f t  

c o a t i n g   m a t e r i a l .   The  t h r e e   e l e m e n t s ,   t e n s i o n   m e m b e r s ,  

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

t h r o u g h   an  i n j e c t o r   mold  h a v i n g   a  f a i r e d   s h a p e   and  t h e  

o u t e r   p l a s t i c   j a c k e t   24  and  34  a r e   m o l d e d .   N i t r i l e   r u b b e r  

or   p o l y u r e t h a n e   a r e   p r e f e r r e d   m a t e r i a l s ,   b o t h   b e i n g  

d u r a b l e   and  f l e x i b l e .  

The  two  u m i l i c a l   d e s i g n s   in  F i g u r e   2  and  3  b e h a v e   s o m e w h a t  

s i m i l a r l y   due  to  w a t e r   f l o w   a r o u n d   t h e m ,   bu t   t h e y   a r e  



r e e l e d   up  f o r   s t o r a g e   in  d i f f e r e n t   ways  as  shown  i n  

F i g u r e s   4  and  5.  The  f a i r e d   f l a t   d e s i g n   can  be  r o l l e d  

up  l i k e   a  s i n g l e   r i b b o n   as  shown  in  F i g u r e   5,  w h i l e  

t he   m u l t i p l e   t e n s i o n   c a b l e   u m b i l i c a l   shown  in  F i g u r e  

4  w i l l   a u t o m a t i c a l l y   r o l l   up  w i t h   t he   nose   t o w a r d   t h e  

drum.  I t   i s   w i s e   to   p r o v i d e  a d e q u a t e   r e e l   w i d t h   t o  

a v o i d   m u l t i p l e   l a y e r s   of  t h e   c a b l e   of  F i g u r e   4  on  t h e  

r e e l .   I t   i s   i m p o r t a n t   to   d e s i g n   t h e   a i r   and  e l e c t r i c a l  

c o m p o n e n t s   of  t h e   c a b l e s   t o   be  e x t r e m e l y   f l e x i b l e   i n  

a x i a l   e x t e n s i o n   and  c o m p r e s s i o n   so  t h a t   r e e l i n g   t h e  

c a b l e   on  a  drum  w i l l   no t   c a u s e   e x c e s s i v e   s t r e s s e s .  

The  f a i r e d   u m b i l i c a l   d e s i g n   as  shown  in  F i g u r e   5  c a n  

be  r e e l e d   u n d e r   a  much  l o w e r   s t r a i n   c o n d i t i o n   t h a n   t h e  

m u l t i p l e   t e n s i o n   c a b l e   u m b i l i c a l   d e s i g n   of  F i g u r e   4 .  

T h i s   i s   b e c a u s e   t h e   b e n d i n g   a x i s ,   or  p i t c h   a x i s ,   o f  

t h e   e l e c t r i c a l   c o m p o n e n t s   21  and  31  and  a i r   h o s e   c o m p o n e n t s  

22  and  32  c o i n c i d e   w i t h   t h e   b e n d i n g   a x i s   of  t h e   t e n s i o n  

member   c o m p o n e n t s   20  and  3 0 .  

The  t e n s i o n   members   20  and  30  a r e   t o r q u e   b a l a n c e d   so  t h a t  

t h e   c a b l e   does   no t   t w i s t   u n d e r   v a r y i n g   a x i a l   l o a d  

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

f a i r e d   d e s i g n   of  F i g u r e   5.  In  t h e   d e s i g n   of  F i g u r e   4 ,  

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

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

t w i s t i n g .  



A  f u r t h e r   a d v a n t a g e   of  t he   c a b l e   of  F i g u r e   5  is  t h a t  

i t   can  be  r o l l e d   up  on  a  r i b b o n   r e e l ,   m e a n i n g   t h a t   i t  

can  be  r o l l e d   l a y e r   on  top   of  l a y e r ,   bu t   i t   is  n o t  

n e c e s s a r y   to  have   i t   l a y e r   b e s i d e   l a y e r   as  in  w i n d -  

i ng   up  t h e   c a b l e   of  F i g u r e   4.  T h e r e f o r e ,   i t   i s   p o s s i b l e  

to   have   a  v e r y   t h i n   r o l l   of  l a r g e   d i a m e t e r   as  c o m p a r e d  

to  a  t h i c k e r   r e e l   of  s m a l l e r   d i a m e t e r .   T h e r e   is   a n o t h e r  

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

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

any  of  t h e   c o n d u c t o r s .   By  c o m p a r i s o n ,   w i t h   a  r o u n d  

c a b l e ,   t h e   l o a d   in  t he   t e n s i o n   member   w i l l   s q u e e z e  

t h e   c o n d u c t o r s   in  t he   p r o c e s s   of  f e e d i n g   i n t o   t h e  

r e e l .   T h i s   es  e f f e c t i v e l y   t a k e n   ou t   of  t h e   d e s i g n   a s  

shown  in  F i g u r e   5  so  i t   can  be  u s e d   w i t h   o u t r i g g e r  

r e e l s .   The  a d v a n t a g e   i s   t h a t   t h e   l o a d   is   no t   fed   t h r o u g h  

t h e   e l e c t r i c a l   c o n d u c t o r s ,   but   t h e   e l e c t r i c a l   c o n -  

d u c t o r s ,   a i r   h o s e ,   and  a n y t h i n g   t h a t   i s   pu t   in   t h e   c a b l e ,  

in   e f f e c t ,   j u s t   go  a l o n g   f o r   t h e   r i d e   and  t h e   t e n s i o n  

member   t a k e s   a l l   t he   t e n s i o n .  

The  p r e s e n t   i n v e n t i o n   i s   u s e f u l   no t   o n l y   as  s e i s m i c   c a b l e  

as  a b o v e   d e s c r i b e d   bu t   a l s o   can  be  u t i l i z e d   in   c o n n e c t i o n  

w i t h   o t h e r   t o w e d   b o d i e s ,   e . g . ,   a  s u b m a r i n e .   In  a d d i t i o n ,  

by  c h a n g i n g   t h e   o r i e n t a t i o n   of  t h e   f a i r e d   c r o s s - s e c t i o n  



of  t h e   c a b l e   f rom  h o r i z o n t a l   to   v e r t i c a l ,   or  s o m e  

o r i e n t a t i o n   t h e r e b e t w e e n ,   i t   can  be  u s e d   to   c o n n e c t  

t o w e d   b o d i e s   w h i c h   a r e   d i r e c t l y   or   more  d i r e c t l y  

b e h i n d   and  b e l o w   t h e   t o w i n g   v e s s e l .  

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

i n t e n d e d   to   be  e x p l a n a t o r y   t h e r e o f .   V a r i o u s   c h a n g e s   i n  

t he   d e t a i l s   of  t h e   d e s c r i b e d   a p p a r a t u s   may  be  m a d e  

w i t h i n   t he   s c o p e   of   t h e   a p p e n d e d   c l a i m s   w i t h o u t   d e -  

p a r t i n g   f r o m   t h e   s p i r i t   of   t h e   i n v e n t i o n .  



1.  A  c a b l e   s u i t a b l e   f o r   u n d e r w a t e r   t o w i n g   c o m p r i s i n g  

c o n d u c t o r s   ( 2 1 , 3 1 ) ,   a  hose   ( 2 2 , 3 2 )   and  a  t e n s i o n  

member   ( 2 0 , 3 0 )   a r r a n g e d   s i d e - b y - s i d e   i n s i d e   a  

j a c k e t   ( 2 U , 3 4 ) ,   t h e   t e n s i o n   member   ( 2 0 , 3 0 )   b e i n g  

a x i a l l y   s t i f f e r   t h a n   t h e   c o n d u c t o r s   ( 2 1 , 3 1 )   a n d  

t h e   h o s e   ( 2 2 , 3 2 ) .  

2.  The  c a b l e   of  C l a i m   1  w h e r e i n   t h e   j a c k e t   ( 2 4 , 3 4 )   i s  

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

member   ( 2 0 , 3 0 )   i s   in   a  l e a d i n g   edge   of   t h e   f a i r e d  

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

3.  The  c a b l e   of  C l a i m   1  w h e r e i n   t h e   c o n d u c t o r s   ( 2 1 , 3 1 )  

a r e   t w i s t e d   a r o u n d   a  s o f t ,   f l e x i b l e   c o r e   member   ( 2 3 ,  

3 3 ) .  

4.  T h e  c a b l e   of   C l a i m   1  w h e r e i n   t h e   t e n s i o n   member   ( 2 0 , 3 0 )  

is   an  a n t i t o r s i o n a l   w i r e   r o p e .  

5.  The  c a b l e   of  C l a i m   1  w h e r e i n   t h e   c o n d u c t o r s   ( 2 1 , 3 1 ) ,  

h o s e   ( 2 2 , 3 2 ) ,   t e n s i o n   member   ( 2 0 , 3 0 )   and  i n t e g r a l  

j a c k e t   ( 2 4 , 3 4 )   a r e   t o r q u e   b a l a n c e d .  



6.  A  c a b l e   s u i t a b l e   f o r   u n d e r w a t e r   t o w i n g   c o m p r i s i n g  

u n t e n s i o n e d   c o n d u c t o r s   ( 2 1 , 3 1 )   t w i s t e d   a r o u n d   a  

s o f t ,   f l e x i b l e   c o r e   member   ( 2 3 , 3 3 ) ,   t h e   c o n d u c t o r s  

( 2 1 , 3 1 )   b e i n g   a r r a n g e d   s i d e - b y - s i d e   w i t h   a  s i n g l e  

t e n s i o n   member   ( 2 0 , 3 0 )   and  h o s e   ( 2 2 , 3 2 ) .  

7.  The  c a b l e   of   C l a i m   6  i n c l u d i n g   a  r i b b o n   r e e l  

c o n t a i n i n g   t h e   wound  c a b l e ,   t h e   t e n s i o n   m e m b e r  

( 2 0 , 3 0 )   b e a r i n g   a l l   of  t h e   w i n d i n g   s t r e s s .  

8.  The  c a b l e   of   C l a i m   7  i n c l u d i n g   a  f a i r e d   c r o s s -  

s e c t i o n a l   j a c k e t   ( 2 4 , 3 4 )   c o v e r i n g   t h e   t e n s i o n   m e m b e r  

( 2 0 , 3 0 )   and  c o n d u c t o r s   ( 2 1 , 3 1 ) .  

9.  A  c a b l e   s u i t a b l e   f o r   u n d e r w a t e r   t o w i n g   c o m p r i s i n g  

c o n d u c t o r s   ( 2 1 , 3 1 )   c o v e r e d   by  a  j a c k e t   ( 2 4 , 3 4 )  

h a v i n g   an  i n t e g r a l l y   f a i r e d   c r o s s - s e c t i o n .  

10.  The  c a b l e   of  C l a i m   9  w h e r e i n   t h e   l e n g t h   to   t h i c k n e s s  

of  t he   c a b l e   (11)   r a n g e s   f rom  a b o u t   2/1  to   a b o u t  

5 / 1 .  

11.  The  c a b l e   of   C l a i m   9  w h e r e i n   a  l e a d i n g   edge   of  t h e  

c a b l e   (11 )   i s   s t i f f e r   t h a n   t h e   r e m e i n i n g   p a r t   of  t h e  

c a b l e   ( 1 1 ) .  



12.  A  c a b l e   s u i t a b l e   f o r   u n d e r w a t e r   t o w i n g   c o m p r i s i n g  

c o n d u c t o r s   ( 2 1 , 3 1 )   and  a  t e n s i o n   member   ( 2 0 , 3 0 )  

a r r a n g e d   s i d e - b y - s i d e   i n s i d e   a  j a c k e t   ( 2 4 , 3 4 ) ,   t h e  

t e n s i o n   member   ( 2 0 , 3 0 )   b e i n g   a x i a l l y   s t i f f e r   t h a n  

t h e   c o n d u c t o r s   ( 2 1 , 3 1 ) .  

13.  The  c a b l e   of   C l a i m   12  w h e r e i n   t h e   j a c k e t   ( 2 4 , 3 4 )   i s  

i n t e g r a l   and  has   a  f a i r e d   s h a p e ,   and  t he   t e n s i o n  

member   ( 2 0 , 3 0 )   i s   in  a  l e a d i n g   edge   of  t h e   f a i r e d  

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

14.  The  c a b l e   o f   C l a i m   12  w h e r e i n   t h e   c o n d u c t o r s   ( 2 1 ,  

3 1 ) ,   t e n s i o n   member   ( 2 0 , 3 0 )   and  i n t e g r a l   j a c k e t  

( 2 4 , 3 4 )   a r e   t o r q u e   b a l a n c e d .  
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