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©  Explosively  activated  assembly  for  repairing  heat  exchange  tubes. 

  The  invention  relates  to  the  repair  of  heat  exchange 
tubes  and  is  directed  at  an  explosive  activated  assembly 
having  a  sleeve  (14)  which  is  inserted  into  an  end  of  the  tube 
(12)  to  be  repaired  and  has  a  plurality  of  projections  (18) 
extending  from  the  outer  surface  thereof.  A  force- 
transmitting  member  (20)  extends  within  a  bore  (22)  formed 
in  the  sleeve  (14)  and  contains  an  explosive  member  (24)  so 
that,  upon  detonation  of  the  explosive  member  (24),  the 
force-transmitting  member  (20)  and  the  sleeve  (14)  are 
expanded  radially  outwardly  to  drive  the  projections  (18) 
against  the  tube  (12). 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a s s e m b l y   f o r   r e p a i r i n g   a  

h e a t   e x c h a n g e   t u b e   a n d ,   more  p a r t i c u l a r l y ,   to   s u c h   an  a s s e m b l y  

u t i l i z i n g   an  e x p l o s i v e l y   a c t i v a t e d   s l e e v e .  

Many  c u r r e n t   d e s i g n s   of  h e a t   e x c h a n g e r s   f e a t u r e   t h e   u s e  

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

t u b e   s h e e t   and  a d a p t e d   to   r e c e i v e   p r i m a r y   f l u i d   w h i c h   i s  

p a s s e d   in  a  h e a t   e x c h a n g e   r e l a t i o n s h i p   w i t h   a  s e c o n d a r y  

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

h e a t   e x c h a n g e r ,   a  n u m b e r   of  h e a t   e x c h a n g e   t u b e s   o f t e n   f a i l  

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

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

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

come  i n t o   d i r e c t   c o n t a c t   w i t h   e a c h   o t h e r   and  t h u s   d i m i n i s h  

t h e   e f f i c i e n c y   of  t he   u n i t .  

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

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

q u e s t i o n   i . e . ,   to   c l o s e   i t   o f f   a t   b o t h   ends   in  t h e   v i c i n i t y  

of  t h e   t u b e   s h e e t   or   s h e e t s .   T h i s   has   been   done  in  t h e  

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

of   t h e   t u b e s .   H o w e v e r ,   t h i s   r e q u i r e s   r e l a t i v e l y   good  a c c e s s  

to  t h e   t u b e s   and  r e s u l t s   in  a  w e l d   b e a d   t h a t   c o u l d   b e c o m e  

c o r r o d e d   and  f a i l .   M e c h a n i c a l l y   d r i v e n   p l u g s   have   b e e n  

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

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

a  r e l a t i v e l y   low  p u l l o u t   s t r e n g t h .  



Both   of   t h e s e   t e c h n i q u e s ,   e v e n   i f   s u c c e s s f u l ,   c o m -  

p r o m i s e   t h e   e f f i c i e n c y   of   t h e   h e a t   e x c h a n g e r   due  to   t h e  

a t t e n d a n t   d i s a b l e m e n t   of  t h e   t u b e .  

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

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

l a c k   of   a d e q u a t e   p r e s s u r e   s e a l i n g   and  t h e   p o s s i b i l i t y   o f  

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

c o m p l e t e l y   s e v e r e d   in  t h e   d a m a g e d   r e g i o n .  

I t   i s   t h e r e f o r e   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  e x p l o s i v e l y   a c t i v a t e d   r e p a i r   a s s e m b l y   f o r   a  h e a t  

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

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

p r o v i d e   an  a s s e m b l y   of  t h e   a b o v e   t y p e   w h i c h   u t i l i z e s   a  

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

t h e   h e a t   e x c h a n g e   t u b e .  

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

t o   p r o v i d e   a  r e p a i r   a s s e m b l y   of   t h e   above   t y p e   in  w h i c h   a  

p r e s s u r e - t i g h t   s e a l   and  s u b s t a n t i a l   a x i a l   s t r e n g t h   a r e  

i n s u r e d .  

Toward   t h e   f u l f i l l m e n t   of  t h e s e   and  o t h e r   o b j e c t s ,   t h e  

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

w i t h i n   t h e   t u b e   to   be  r e p a i r e d   and  h a v i n g   an  i n t e r n a l   b o r e  

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

o f   t h e   t u b e .   A  f o r c e - t r a n s m i t t i n g   member  e x t e n d s   w i t h i n   t h e  

b o r e   and  an  e x p l o s i v e   e x t e n d s   w i t h i n   t he   f o r c e - t r a n s m i t t i n g  



member .   A  p l u r a l i t y   of   p r o j e c t i o n s   a re   fo rmed   on  t h e   o u t e r  

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

p r o x i m i t y   to   t h e   i n n e r   s u r f a c e   of   t h e   t u b e .   The  p r o j e c t i o n s  

o v e r l a p   t he   e x p l o s i v e   so  t h a t ,   upon  d e t o n a t i o n   of  t h e  

l a t t e r ,   t h e   f o r c e - t r a n s m i t t i n g   member  i s   e x p a n d e d   r a d i a l l y  

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

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

The  above   b r i e f   d e s c r i p t i o n ,   as  w e l l   as  f u r t h e r  

o b j e c t s ,   f e a t u r e s   and  a d v a n t a g e s   of   t he   p r e s e n t   i n v e n t i o n  

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

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

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

i n v e n t i o n   when  t a k e n   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h :  

F i g .   1  i s   a  p a r t i a l   f r a g m e n t a r y ,   f r o n t   e l e v a t i o n a l   v i e w  

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

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

r e p a i r   a s s e m b l y   of  t h e   p r e s e n t   i n v e n t i o n   in  one  of  t h e  

t u b e s ;  

F i g .   2  i s   an  e n l a r g e d ,   p a r t i a l ,   l o n g i t u d i n a l   s e c t i o n a l  

v i e w   t a k e n   a l o n g   t h e   t u b e   of   F i g .   1  h a v i n g   t h e   r e p a i r  

a s s e m b l y   of  t he   p r e s e n t   i n v e n t i o n   i n s e r t e d   t h e r e i n ;   a n d  

F i g .   3  is   an  e l e v a t i o n a l   v i e w ,   on  a  r e d u c e d   s c a l e   w h e n  

c o m p a r e d   to  F i g .   2,  of   a  s l e e v e   u t i l i z e d   in  t h e   a s s e m b l y   o f  

F i g .   2 .  



R e f e r r i n g   to   F i g .   1  of  t h e   d r a w i n g s ,   t h e   r e f e r e n c e  

n u m e r a l   10  r e f e r s   in   g e n e r a l   to  a  t u b e   s h e e t   w h i c h   can   f o r m  

a  p o r t i o n   of   a  h e a t   e x c h a n g e r   h a v i n g   a  p l u r a l i t y   of   h e a t  

e x c h a n g e   t u b e s   12.  The  ends   of   t h e   t u b e s   12  shown  in   t h e  

d r a w i n g s   a r e   m o u n t e d   to   one  s i d e   o f   t h e   t u b e   s h e e t   10  a n d  

e x t e n d   t h r o u g h   o p e n i n g s   in  t h e   t u b e   s h e e t   in  c o m m u n i c a t i o n  

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

O n l y   a  p o r t i o n   o f   t h e   t u b e   s h e e t   10  and  t h e   t u b e s   12  a r e  

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

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

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

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

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

t u b e s   w o u l d   be  U - s h a p e d   w i t h   b o t h   e n d s   of  e a c h   t u b e   e x t e n d i n g  

t h r o u g h   t h e   t u b e   s h e e t   10.  The  h e a t   e x c h a n g e r   w o u l d   i n c l u d e  

a  p a r t i t i o n ,   or   t h e   l i k e ,   so  t h a t   t h e   p r i m a r y   h e a t   e x c h a n g e  

f l u i d   w o u l d   e n t e r   t h e   t u b e s   t h r o u g h   one  end  f rom  an  a r e a  

b e l o w   t h e   t u b e   s h e e t   as  v i e w e d   in   F i g .   1,  p a s s   t h r o u g h   t h e  

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

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

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

t u b e   s h e e t .  

The  a s s e m b l y   o f   t h e   p r e s e n t   i n v e n t i o n   i s   shown  i n s e r t e d  

i n t o   one  of   t h e   t u b e s   12  to  be  r e p a i r e d   and  i s   b e t t e r   s h o w n  

in   F i g .   2.  The  a s s e m b l y   i n c l u d e s   a  s l e e v e   14  e x t e n d i n g  



i n t o   t h e   end  of  t he   t u b e   12,  as  shown  in  F i g .   2.  The  l e n g t h  

of   t h e   s l e e v e   14  i s   s e l e c t e d   so  t h a t   i t   s p a n s   the   d a m a g e d  

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

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

t h e   t u b e   s h e e t   10.  The  s l e e v e   14  has   a  c e n t r a l   b o r e   16,   a n d  

i s   f a b r i c a t e d   f rom  a  s u i t a b l e   m e t a l   w h i c h   p r e f e r a b l y   i s  

i d e n t i c a l   to   t he   m e t a l   f o r m i n g   t h e   t u b e s   12,   w h i c h   can  b e  

c a r b o n   s t e e l   or   an  a l l o y   such   as  c a r b o n - n i c k e l .  

A  p l u r a l i t y   of  s p a c e d   c i r c u l a r   p r o j e c t i o n s   18  a r e  

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

l e n g t h .   P r e f e r a b l y ,   t he   p r o j e c t i o n s   18  a r e   f o rmed   as  a  

r e s u l t   of   a  p l u r a l i t y   of  c i r c u m f e r e n t i a l ,   a x i a l l y   s p a c e d  

a n n u l a r   g r o o v e s   19  b e i n g   m a c h i n e d   i n t o   t h e   o u t e r   s u r f a c e   of  t h e  

s l e e v e   14  as  b e t t e r   shown  in  F i g .   3.  The  p r o j e c t i o n s   18  

e x t e n d   to   t h e   i n n e r   s u r f a c e   of  t h e   t u b e   12  w i t h   j u s t   e n o u g h  

c l e a r a n c e   to   p e r m i t   i n s e r t i o n   of  t h e   s l e e v e   14  i n t o   t h e  

t u b e .   The  s p a c i n g   of  t he   g r o o v e s   19  and  t h e i r   a x i a l   l e n g t h  

a r e   s u c h   t h a t   t he   l a t t e r   is   s u b s t a n t i a l l y   e q u a l   to  t h e   a x i a l  

l e n g t h   of   t h e   p r o j e c t i o n s   1 8 .  

A  c y l i n d r i c a l   f o r c e - t r a n s m i t t i n g   member   20,  w h i c h   c a n  

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

c o n v e n t i o n a l   c o m p o s i t i o n ,   is   d i s p o s e d   w i t h i n   t he   b o r e   16  o f  

the   s l e e v e   14  and  e x t e n d s   c o e x t e n s i v e   w i t h   t h e   s l e e v e   14 

w i t h i n   t h e   t u b e   1 2 .  

The  member  20  has  an  a x i a l l y   e x t e n d i n g   c e n t r a l   b o r e   22 

w h i c h   r e c e i v e s   a  c o r d - l i k e   e x p l o s i v e   member  24  e x t e n d i n g   f o r  

the   e n t i r e   l e n g t h   of  the   member  20  and  p r o j e c t i n g   o u t w a r d l y  



f rom  t h e   l o w e r   e n d s   of   t h e   l a t t e r   member  and  t h e   s l e e v e   1 4 .  

The  e x p l o s i v e   member  24  c o n t a i n s   a  p r e d e t e r m i n e d   number   o f  

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

member  and  e m b e d d e d   w i t h i n   a  f i b e r   or   p l a s t i c   b o d y .   T h e  

p r o j e c t i n g   p o r t i o n   of   t h e   e x p l o s i v e   member  24  can  be  c o n n e c t e d  

to   a  d e t o n a t o r   cap  ( n o t   shown)   w h i c h   can  be  c o n n e c t e d ,   in  a  

c o n v e n t i o n a l   m a n n e r ,   to   a  r e m o t e l y   l o c a t e d   e l e c t r i c   d e t o n a t o r ,  

or   t he   l i k e .  

Upon  d e t o n a t i o n   of   t h e   e x p l o s i v e   member  24  in  t h e  

m a n n e r   d e s c r i b e d   a b o v e ,   t h e   s h o c k   wave  of  t h e   d e t o n a t i o n   i s  

t r a n s m i t t e d   in   a  r a d i a l   d i r e c t i o n ,   v i a   t he   member  20,  to   t h e  

s l e e v e   14,  f o r c i n g   t h e   s l e e v e   and   t h e r e f o r e   t he   p r o j e c t i o n s  

18  a g a i n s t   t h e   i n n e r   w a l l   of   t h e   t u b e   12.  Due  to   t h e   v e r y  

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

i s   e x p a n d e d   to   a  d i a m e t e r   g r e a t e r   t h a n   t h e   i n n e r   d i a m e t e r   o f  

t h e   t u b e   12.  As  a  r e s u l t ,   t h e   p r o j e c t i o n s   18  c o i n ,   o r  

e m b o s s ,   i n t o   t h e   i n n e r   t u b e   s u r f a c e   and  f u n c t i o n   to   s e c u r e   t h e  

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

to   d e v e l o p   a  r e l a t i v e l y   h i g h   l e a k   r e s i s t a n c e   and  a x i a l  

s t r e n g t h .   The  r e s u l t   i s   a  r e s t o r a t i o n   of  t h e   t u b e   12  to   a n  

a s - n e w   c o n d i t i o n ,   n o t w i t h s t a n d i n g   t h e   f a c t   t h a t   t he   d a m a g e  

to   t he   t u b e   c o u l d   have   b e e n   of   a  m a g n i t u d e   to  c a u s e   i t s  

c o m p l e t e   f a i l u r e .  

As  a  n o n - l i m i t i v e   e x a m p l e   o f   t h e   d i m e n s i o n s   and  s p a c i n g  

of   t he   p r o j e c t i o n s   18  f o r m e d   on  t h e   s l e e v e   14  a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   t h e   p r o j e c t i o n s   18  can  have   an  a x i a l  

l e n g t h   ( m e a s u r e d   in   a  d i r e c t i o n   p a r a l l e l   to   t he   a x i s   of  t h e  



s l e e v e )   of   a p p r o x i m a t e l y   .06  i n c h e s ,   and  a  t h i c k n e s s   ( c o r -  

r e s p o n d i n g   to   t h e   d e p t h   of  the   c o r r e s p o n d i n g   g r o o v e )   of  . 0 2  

i n c h e s .   The  s p a c i n g   b e t w e e n   the   p r o j e c t i o n s   i s   e q u a l   t o  

t h e i r   a x i a l   l e n g t h   ( .06   i n c h e s )   and ,   a f t e r   t h e   e x p l o s i o n ,  

t h e   p r o j e c t i o n   emboss   i n t o   t h e   i n n e r   t u b e   s u r f a c e   f o r   a  

d i s t a n c e   of   a p p r o x i m a t e l y   .002  i n c h e s .  

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

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

some  f e a t u r e s   of   t h e   i n v e n t i o n   w i l l   be  e m p l o y e d   w i t h o u t   a  

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

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

and  in  a  m a n n e r   c o n s i s t e n t   w i t h   t h e   s p i r i t   and  s c o p e   of  t h e  

i n v e n t i o n   t h e r e i n .  



1.  An  e x p l o s i v e l y   a c t i v a t e d   a s s e m b l y   f o r   r e p a i r i n g   a  

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

d i s p o s e d   w i t h i n   s a i d   t u b e   a n d  h a v i n g   an  i n t e r n a l   b o r e   and   a n  

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

t u b e ,   a  f o r c e   t r a n s m i t t i n g   member   e x t e n d i n g   w i t h i n   s a i d  

b o r e ,   e x p l o s i v e   means   e x t e n d i n g   w i t h i n   s a i d   f o r c e - t r a n s m i t -  

t i n g   m e m b e r ,   and  a  p l u r a l i t y   of   p r o j e c t i o n s   e x t e n d i n g   f r o m  

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

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

p r o j e c t i o n s   o v e r l a p p i n g   s a i d   e x p l o s i v e   means  so  t h a t ,   u p o n  

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

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

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

j e c t i o n s   i n t o   s a i d   t u b e .  

2.  The  a s s e m b l y   o f   c l a i m   1  w h e r e i n   s a i d   p r o j e c t i o n s  

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

3.  The  a s s e m b l y   o f   c l a i m   1  w h e r e i n   the   l e n g t h   o f   s a i d  

f o r c e - t r a n s m i t t i n g   member   i s   e q u a l   to   t h e   l e n g t h   of   s a i d  

s l e e v e .  

4.  The  a s s e m b l y   o f   c l a i m   1  w h e r e i n   a f t e r   s a i d   e x p a n -  

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

t u b e .  

5.  The  a s s e m b l y   o f   c l a i m   1  w h e r e i n   s a i d   p r o j e c t i o n s  

h a v e   a  r e c t a n g u l a r   c r o s s   s e c t i o n .  



6.  The  a s s e m b l y   of  c l a i m   1  w h e r e i n   s a i d   p r o j e c t i o n s  

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

in   t h e   o u t e r   s u r f a c e   of   s a i d   s l e e v e .  

7.  The  a s s e m b l y   of   c l a i m   6  w h e r e i n   t h e   a x i a l   l e n g t h   o f  

e a c h   p r o j e c t i o n   i s   s u b s t a n t i a l l y   e q u a l   to   t h e   a x i a l   l e n g t h  

of   e a c h   g r o o v e .  

8.  The  a s s e m b l y   of   c l a i m   1  w h e r e i n   e a c h   of  s a i d  

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

s a i d   s l e e v e .  
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