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@  Tube  gripper  for  secondary  side  tubes  of  steam  generator. 

A  gravity-operated  tube  gripper  and  puller  (1)  actuated  by 
a  rotatably-operated  latch  (40)  is  disclosed  herein.  The  gripper 
(1)  includes  a  gripping  means  (5)  having  a  collet  assembly  (6) 
with  a  threaded  collet  (7)  which  is  expandable  by  means  of  a 
frustro-conical  body  (29).  The  gripper  (1)  further  includes  a 
suspension  member  (35)  connected  to  the  frustroconical  body 
(29),  and  detachably  connected  to  the  expandable  collet  (7). 
The  rotatably-operated  latch  (40)  of  the  gripper  selectively  dis- 

connects  the  collet  assembly  (6),  so  that  the  weight  of  the  frus- 
tro-conical  body  (21)  engages  the  mouth  (9)  of  the  expandable 
collet  (7),  and  expands  the  threaded  exterior  of  the  collet  (7) 
into  the  inner  walls  of  the  tube.  The  invention  provides  a  tube 
gripper  (1)  which  is  easily  manually  operated  through  a  simple 
extension  rod.  It  is  particularly  useful  in  removing  sample  tubes 
from  areas  of  limited  accessibility  in  the  secondary  sides  of 
nuclear  steam  generators. 



This  i n v e n t i o n   r e l a t e s   to  a  g r i p p e r   for  g r i p p i n g  
and  removing   tubes   from  tube  b u n d l e s .   It   is  p a r t i c u l a r l y  
u s e f u l   in  removing  sample  h e a t - e x c h a n g e r   t ubes   from  t h e  

s e c o n d a r y   s ide   of  a  n u c l e a r   steam  g e n e r a t o r .  
Tube  g r i p p e r s   for  g r i p p i n g   and  p u l l i n g   t ubes   o u t  

of  the  tube  b u n d l e s   of  h e a t   e x c h a n g e r s   are  known  in  t h e  

p r i o r   a r t .   T y p i c a l l y ,   such  tube  g r i p p e r s   i n c l u d e   a n  
e x p a n d a b l e   c o l l e t   h a v i n g   a  p l u r a l i t y   of  g r i p p i n g   t h r e a d s  
which  is  i n s e r t a b l e   i n to   the  mouth  of  the  tube  to  b e  

p u l l e d .   The  a c t u a t o r   mechanism  of  such  g r i p p e r s   is  u s u a l l y  
a  t a p e r e d   e x p a n d e r   member  which  may  be  f o r c e f u l l y   e n g a g e d  
i n t o   the  mouth  of  the  e x p a n d a b l e   c o l l e t .   The  t a p e r e d  
e x p a n d e r   member  is  c o n n e c t e d   to  a  rod  which  is  s l i d a b l y  
engaged   t h r o u g h   the  mouth  of  the  c o l l e t   t h r o u g h   a  c e n t r a l l y  
d i s p o s e d   bore  in  the  c o l l e t .   When  a  t e n s i l e   f o r c e   i s  

a p p l i e d   to  the  rod,  the  t a p e r e d   e x p a n d e r   member  is  drawn  up  
i n t o   the  mouth  of  the  c o l l e t .   The  wedging  f o r c e s   t h a t   t h e  

t a p e r e d   e x p a n d e r   member  a p p l i e s   to  the  mouth  of  the  c o l l e t  

s p r e a d s   the  w a l l s   of  the  c o l l e t   o u t w a r d l y   so  t h a t   i t s  
o u t s i d e   t h r e a d s   g r i p p i n g l y   engage  the  i n n e r   w a l l s   of  t h e  
t ube .   A f t e r   the  tube  has  been  g r i p p e d ,   a  h y d r a u l i c   ram  o r  
o t h e r   p u l l i n g   means  a p p l i e s   a  t e n s i l e   f o r c e   to  the  e n t i r e  
g r i p p e r   in  o rde r   to  p u l l   the  tube   out  of  i t s   r e s p e c t i v e  
tube  b u n d l e .  

In  some  of  t h e s e   p r i o r   a r t   mechan i sms ,   t h e  
t e n s i l e   f o r c e   a p p l i e d   by  the  h y d r a u l i c   ram  is  used  both   t o  



s p r e a d   the  w a l l s   of  the  e x p a n d a b l e   c o l l e t   i n to   g r i p p i n g  
c o n t a c t   wi th   the  i n n e r   w a l l s   of  the  tube ,   as  wel l   as  t o  
w i thd raw   the  tube  from  the  tube  b u n d l e .   However,  s u c h  

mechanisms  r e q u i r e   some  s o r t   of  c o l l e t - r e t a i n i n g   m e c h a n i s m ,  
such  as  an  a r r a n g e m e n t   of  h y d r a u l i c a l l y - o p e r a t e d ,   t e l e s c o p -  
ing  s l e e v e s ,   to  s i m u l t a n e o u s l y   push  the  e x p a n d a b l e   c o l l e t  

i n t o   the  mouth  of  the  tube  whi le   the  t e n s i l e   f o r ce   p u l l s   on 
the  t a p e r e d   expande r   member;  o t h e r w i s e ,   the  t e n s i l e   f o r c e  

a p p l i e d   by  the  h y d r a u l i c   ram  would  mere ly   p u l l   the  e x p a n d -  
able   c o l l e t   out  of  the  mouth  of  the  tube  i n s t e a d   of  e x p a n d -  
ing  the  c o l l e t   i n to   g r i p p i n g   engagement   wi th   the  i n n e r  
w a l l s   of  the  t u b e .  

While  such  p r i o r   a r t   tube  g r i p p e r s   p r o v i d e   g o o d  
r e s u l t s   when  the  mouth  of  the  tube  is  in  a  f r e e l y   a c c e s s i -  
b le   l o c a t i o n   (such  as  the  t u b e s h e e t   in  the  p r i m a r y   s ide   o f  

a  n u c l e a r   steam  g e n e r a t o r ) ,   such  g r i p p e r s   are  d i f f i c u l t   t o  

use  in  a r eas   where  the  mouth  of  the  tube  is  in  a  l e s s  
a c c e s s i b l e   l o c a t i o n ,   such  as  the  s e c o n d a r y   s ide   of  a 
n u c l e a r   steam  g e n e r a t o r .   To  f u l l y   a p p r e c i a t e   the  d i f f i c u l -  
t i e s   a s s o c i a t e d   with  u s i n g   such  p r i o r   a r t   tube  g r i p p e r s   i n  
the  s e c o n d a r y   s ide  of  such  a  g e n e r a t o r ,   some  g e n e r a l  
b a c k g r o u n d   is  n e c e s s a r y   c o n c e r n i n g   both   t h e -  s t r u c t u r e   a n d  
m a i n t e n a n c e   p r o c e d u r e s   a s s o c i a t e d   wi th   n u c l e a r   s t e a m  

g e n e r a t o r s .  
N u c l e a r   steam  g e n e r a t o r s   g e n e r a l l y   i n c l u d e   a 

p r i m a r y   s ide   t h r o u g h   which  ho t ,   r a d i o a c t i v e   wate r   from  t h e  
r e a c t o r   co res   is  a d m i t t e d   i n to   a  p l u r a l i t y   of  hea t   e x c h a n g e  
tubes   which  may  be  U- shaped .   Such  g e n e r a t o r s   f u r t h e r  
i n c l u d e   a  s e c o n d a r y   s ide   which  houses   and  spaces   t h e s e  
t ubes   and  c i r c u l a t e s   a  flow  of  n o n - r a d i o a c t i v e   w a t e r  

t h e r e t h r o u g h   so  t h a t   n o n - r a d i o a c t i v e   steam  may  be  g e n e r a t e d  
from  the  energy   o u t p u t   of  the  r e a c t o r   core .   The  t ubes   i n  
the  s e c o n d a r y   s ide   are  d e n s e l y   a r r a n g e d   in  a  tube  b u n d l e .  
The  t ubes   of  the  steam  g e n e r a t o r   t r a n s f e r   hea t   from  t h e  
r a d i o a c t i v e   wa te r   f l o w i n g   t h r o u g h   t h e i r   i n s i d e   s u r f a c e s   t o  
the  n o n - r a d i o a c t i v e   wa te r   f l o w i n g   over  t h e i r   o u t s i d e  
s u r f a c e s .   To  f a c i l i t a t e   t h i s   h e a t   t r a n s f e r ,   a  p l u r a l i t y   o f  



h o r i z o n t a l l y   d i s p o s e d   b a f f l e   p l a t e s   and  s u p p o r t   p l a t e s   a r e  
mounted  t h r o u g h o u t   the  s e c o n d a r y   s ide   of  the  steam  g e n e r a -  
t o r   in  o r d e r   to  u n i f o r m l y   space  the  h e a t - e x c h a n g i n g   t u b e s  
from  one  a n o t h e r .   Each  of  t h e s e   p l a t e s   i n c l u d e s   a  p l u r a l i -  

ty  of  u n i f o r m l y - s p a c e d   o p e n i n g s   (which  may  be  b o r e s )  
t h r o u g h   which  the  t ubes   e x t e n d .   The  o p e n i n g s   of  the  p l a t e s  

are  a r r a n g e d   in  r e g i s t r y   wi th   one  a n o t h e r   in  o r d e r   t h a t   t h e  

l egs   of  the  U-shaped   h e a t - e x c h a n g e   t ubes   may  be  a r r a n g e d  
p a r a l l e l   to  one  a n o t h e r .  

Over  a  p e r i o d   of  t ime,   c o r r o s i v e   s ludge   d e p o s i t s  

may  a c c u m u l a t e   a round  the  legs   of  the  h e a t   exchange   t u b e s  

in  the  s e c t i o n s   of  t h e s e   t ubes   which  are  s u r r o u n d e d   by  t h e  
t u b e s h e e t   which  s e p a r a t e s   the  p r i m a r y   s ide   of  the  s t e a m  

g e n e r a t o r   from  the  s e c o n d a r y   s i de ,   and  the  bo res   of  t h e  

s u p p o r t   p l a t e s ,   which  are  l o c a t e d   in  the  s e c o n d a r y   s ide   o f  
the  steam  g e n e r a t o r .   In  o r d e r   to  d e t e r m i n e   the  e x t e n t   t o  
which  t h e s e   s ludge   d e p o s i t s   a t t a c k   the  w a l l s   of  the  h e a t  

exchange   t ubes   in  t h e s e   a r e a s .   Samples  of  t h e s e   t ubes   m u s t  
be  p e r i o d i c a l l y   cut  and  w i t h d r a w n   e i t h e r   t h r o u g h   t h e  

p r i m a r y   s ide   of  the  g e n e r a t o r   from  the  t u b e s h e e t ,   or  f r o m  
the  s e c o n d a r y   s ide   of  the  g e n e r a t o r .  

When  the  sample  tube  is  t a k e n   from  the  p r i m a r y  
s ide   of  the  g e n e r a t o r   t h r o u g h   the  t u b e s h e e t ,   the  mouth  o f  
the  tube  is  f r e e l y   a c c e s s i b l e   s i n c e   i t   is  f l u s h   a g a i n s t   t h e  
s ide   of  the  t u b e s h e e t   which  f a c e s   the  p r i m a r y   s ide   of  t h e  

g e n e r a t o r .   However,  the  mouths  of  such  sample  t ubes   in  t h e  

s e c o n d a r y   s ide   of  the  g e n e r a t o r   are  not  n e a r l y   as  a c c e s s i -  
b l e .   In  t a k i n g   such  s e c o n d a r y - s i d e   s ample s ,   i t   is  f i r s t  

n e c e s s a r y   to  cut   the  g r e a t e r   p a r t   of  the  b i g h t   p o r t i o n   o f  
the  U- shaped   tube  be ing   sampled,   t h e r e b y   open ing   the  u p p e r  
ends  of  the  two  legs   of  the  U-shaped   tube .   Each  of  t h e  

l egs   is  then   cut   aga in   with  an  i n n e r - d i a m e t e r   tube  c u t t e r  
in  o r d e r   to  f r e e   i t   from  the  t u b e s h e e t .   U n f o r t u n a t e l y ,   t h e  

uppe r ,   open  ends  of  t h e s e   sample  t u b e s   are  t h i c k l y   s u r -  
rounded   by  the  b i g h t   p o r t i o n s   of  the  o t h e r   U-shaped   t u b e s  
which  are  not   be ing   sampled .   If  one  a t t e m p t s   to  use  a  
p r i o r   a r t   tube  g r i p p e r   to  g r i p   and  p u l l   one  of  t h e s e   s a m p l e  



t u b e s ,   two  p rob lems   i m m e d i a t e l y   a r i s e .   F i r s t ,   the  b u l k i -  

ness   and  s i z e   of  the  c o l l e t - r e t a i n i n g   mechanism  may  make  i t  

i m p o s s i b l e   to  p o s i t i o n   the  g r i p p e r   deep  i n s i d e   the  t u b e  
bund le   be tween   the  t h i c k l y   a r r a n g e d   h e a t   exchange   tubes   so  
t h a t   the  e x p a n d a b l e   c o l l e t   is  p r o p e r l y   p o s i t i o n e d   i n s i d e  
the  mouth  of  the  sample  tube .   Even  i f   the  tube  g r i p p e r   i s  

s u f f i c i e n t l y   smal l   in  c r o s s - s e c t i o n a l   a rea   so  i t   may  b e  
i n s e r t e d   be tween   t h e s e   a d j a c e n t   t u b e s ,   i t   is  a lmos t   a l w a y s  

n e c e s s a r y   to  use  some  s o r t   of  e x t e n s i o n   mechanism  t o  

p o s i t i o n   the  g r i p p e r   and  to  c o n n e c t   i t   to  the  h y d r a u l i c  
ram.  However,  when  t h i s   is  done,  p r o p e r   and  r e l i a b l e  
a c t u a t i o n   of  the  expand ing   member  becomes  the  s e c o n d  

p rob lem.   As  p r e v i o u s l y   m e n t i o n e d ,   the  p r o p e r   a c t u a t i o n   o f  

p r i o r   a r t   g r i p p e r s   r e q u i r e s   some  s o r t   of  mechanism  f o r  

s i m u l t a n e o u s l y   a p p l y i n g   a  c o l l e t - r e t a i n i n g   f o r c e   whi le   a 
t e n s i l e   f o r c e   is  a p p l i e d   to  the  t a p e r e d   e x p a n d i n g   member  i n  
o r d e r   to  draw  i t   up  i n to   engagement   wi th   the  e x p a n d i n g  
c o l l e t .   An  e x t e n s i o n   mechanism  which  i n c o r p o r a t e s   such  a 
c o l l e t - r e t a i n i n g   mechanism  ( l i k e   the  p r e v i o u s l y   m e n t i o n e d  

p a i r   of  t e l e s c o p i n g   s l e e v e s ,   or  a  rod  and  c y l i n d e r   a r r a n g e -  
ment)  is  d i f f i c u l t   and  e x p e n s i v e   to  mach ine ,   and  d i f f i c u l t  
and  t i m e - c o n s u m i n g   to  o p e r a t e .   A d d i t i o n a l l y ,   such  a  d e s i g n  
does  not  p r o v i d e   an  e x t e n s i o n   mechanism  which  is  e a s i l y  
l e n g t h - a d j u s t a b l e   ( i . e . ,   e a s i l y   b u i l t   in  segments   u n t i l   t h e  
d e s i r e d   l e n g t h   is  o b t a i n e d ) .  

A c c o r d i n g l y ,   t h e r e   is  a  need  for   a  tube  g r i p p e r  
which  may  be  e a s i l y   i n s e r t e d   i n to   a  sample  tube  in  a 
crowded  tube  bund le   and  o p e r a t e d   by  means  of  a  s i m p l e ,  
r o d - l i k e   e x t e n s i o n   which  may  be  c o n v e n i e n t l y   a d j u s t e d   to  a 
d e s i r e d   l e n g t h .   F u r t h e r ,   i t   would  be  d e s i r a b l e   i f   t h e  

g r i p p e r   i t s e l f   were  s imple   in  s t r u c t u r e ,   r e l i a b l e   i n  

o p e r a t i o n ,   and  c a p a b l e   of  q u i c k l y   g r i p p i n g   and  p u l l i n g  
sample  t ubes   from  a  n u c l e a r   steam  g e n e r a t o r   so  t h a t   t h e  
t ime  spen t   by  m a i n t e n a n c e   p e r s o n n e l   in  the  r a d i o a c t i v e  
e n v i r o n m e n t   of  the  n u c l e a r   steam  g e n e r a t o r   is  m i n i m a l .  



The  i n v e n t i o n   in  i t s   b road   form  c o m p r i s e s   a n  

a p p a r a t u s   for   g r i p p i n g   the  i n n e r   w a l l s   of  a  t u b e ,  
c o m p r i s i n g :  

(a)  a  g r i p p i n g   means  i n c l u d i n g   a  c o l l e t   a s s e m b l y  
which  at  i t s   one  end  has  an  e x p a n d a b l e   c o l l e t   which  i s  

i n s e r t a b l e   w i t h i n   a  tube ,   and  a  c o l l e t   expande r   which  c a n  
be  s l i d a b l y   engaged   i n to   sa id   c o l l e t   a s sembly   for   e x p a n d i n g  
sa id   c o l l e t   i n to   g r i p p i n g   c o n t a c t   wi th   the  i n n e r   w a l l s   o f  
s a id   tube  when  sa id   e x p a n d e r   f o r c e f u l l y   engages   and  e x p a n d s  
sa id   c o l l e t ,   a n d  

(b)  a  l a t c h   which  is  r o t a t a b l y   o p e r a b l e   f o r  

s e l e c t i v e l y   r e l e a s i n g   an  e n g a g i n g   c o u p l i n g   be tween   s a i d  

c o l l e t   and  sa id   e x p a n d e r .  
In  a  p r e f e r r e d   embodiment   d e s c r i b e d   h e r e i n ,   a 

tube  g r i p p e r   is  d e s c r i b e d   for   g r i p p i n g   the  i nne r   w a l l s   of  a 
tube  which  may  be  a c t u a t e d   by  a  r o t a t a b l y - o p e r a t e d   l a t c h .  

G e n e r a l l y ,   the  tube  g r i p p e r   c o m p r i s e s   a  g r i p p i n g   means  
i n c l u d i n g   a  c o l l e t   a s s emb ly ,   an  expande r   for   e x p a n d i n g   a n d  

e n g a g i n g   an  e x p a n d a b l e   c o l l e t   on  t h i s   a s sembly ,   and  a 
r o t a t a b l y - o p e r a t e d   l a t c h   for   s e l e c t i v e l y   r e l e a s i n g   a n  
e n g a g i n g   f o r c e   be tween   the  expande r   and  the  c o l l e t .   When 
the  g r i p p i n g   means  is  i n s e r t e d   i n to   the  upper   open  end  of  a 
s u b s t a n t i a l l y   v e r t i c a l l y   o r i e n t e d   tube ,   the  we igh t   of  t h e  
c o l l e t   a s sembly   may  supp ly   the  e n g a g i n g   f o r c e   be tween   t h e  

expande r   and  the  c o l l e t .   The  tube  g r i p p e r   may  f u r t h e r  
i n c l u d e   a  s u s p e n s i o n   member  c o n n e c t e d   to  the  e x p a n d e r   a n d  

d e t a c h a b l y   c o n n e c t e d   to  the  c o l l e t   a s s emb ly   for  s u s p e n d i n g  
the  c o l l e t   over  the  e x p a n d e r ,   and  the  r o t a t a b l y - o p e r a t e d  
l a t c h   may  o p e r a t e   to  s e l e c t i v e l y   d i s c o n n e c t   the  c o l l e t  

a s sembly   from  the  s u s p e n s i o n   member  so  t h a t   the  we igh t   o f  
the  c o l l e t   a s sembly   c auses   the  c o l l e t   to  engage  the  e x p a n d -  
er  and  s p r e a d   out  i n to   g r i p p i n g   c o n t a c t   wi th   the  i n n e r  
w a l l s   of  the  tube  to  be  p u l l e d .  

The  use  of  a  r o t a t a b l y - o p e r a t e d   l a t c h   to  s e l e c -  

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

g r i p p e r   p r o v i d e s   a  g r i p p e r   which  is  p a r t i c u l a r l y   u s e f u l   f o r  

g r i p p i n g   and  removing   tube  samples   from  the  tube  bund le   on  



the  s e c o n d a r y   s ide   of  a  n u c l e a r   steam  g e n e r a t o r ,   in  t h a t  
the  g r i p p e r   may  be  e a s i l y   p o s i t i o n e d   and  o p e r a t e d   i n s i d e  
the  crowded  tube  bund le   by  means  of  a  s imple   e x t e n s i o n   r o d .  

The  r o t a t a b l y - o p e r a t e d   l a t c h   of  the  i n v e n t i o n   may 
i n c l u d e   a  l a t c h   hook  hav ing   a  p i n - r e c e i v i n g   no tch   f o r  

r e c e i v i n g   a  l a t c h   pin  mounted  on  the  a f o r e m e n t i o n e d   s u s p e n -  
s ion   member.  The  e x p a n d a b l e   c o l l e t   of  the  i n v e n t i o n   may  b e  

an  i n t e g r a l   p a r t   of  a  c o l l e t   a s sembly   which  i n c l u d e s   t h e  
mouth  of  the  e x p a n d a b l e   c o l l e t   on  one  end,  and  a  s t o p  
c o l l a r   on  the  o t h e r   end  for   l i m i t i n g   the  e x t e n t   to  w h i c h  
the  e x p a n d a b l e   c o l l e t   may  be  i n s e r t e d   i n t o   the  mouth  of  a 
t u b e .  

F i n a l l y ,   the  g r i p p e r   of  the  i n v e n t i o n   may  i n c l u d e  

an  e x t e n s i o n   rod  which  may  be  c o n v e n i e n t l y   a t t a c h e d   o n t o  
the  s u s p e n s i o n   member  of  the  g r i p p i n g   means.  The  e x t e n s i o n  
rod  may  be  formed  from  a  p l u r a l i t y   of  d e t a c h a b l y - c o n n e c t -  
able   e x t e n s i o n   members  of  d i f f e r e n t   l e n g t h s   in  o rde r   t h a t  
the  l e n g t h   of  the  e x t e n s i o n   rod  may  be  c o n v e n i e n t l y  
a d j u s t e d .  

A  more  d e t a i l e d   u n d e r s t a n d i n g   of  the  i n v e n t i o n  

may  be  had  from  the  f o l l o w i n g   d e s c r i p t i o n   of  a  p r e f e r r e d  
embodiment ,   g iven   by  way  of  example  and  to  be  read  and  
u n d e r s t o o d   in  c o n j u n c t i o n   with  the  accompany ing   d r a w i n g  
w h e r e i n :  

F igu re   1  is  a  p a r t i a l ,   c r o s s - s e c t i o n a l   s ide   v i e w  
of  an  embodiment   the  tube  g r i p p i n g   i n v e n t i o n   as  i t   a p p e a r s  
i n s e r t e d   in  the  open  end  of  a  t u b e ;  

F i g u r e   2  is  a  s ide   view  of  the  r o t a t a b l y - o p e r a t e d  
l a t c h   of  t h i s   tube  g r i p p e r ;  

F i g u r e s   3A  and  3B  are  a  p l an   view  and  a  s i d e  
view,  r e s p e c t i v e l y ,   of  a  p u l l e r   puck  used  to  coup le   t h e  
tube   g r i p p e r   of  the  i n v e n t i o n   onto  a  h y d r a u l i c   ram; 

F i g u r e   4A  is  a  s ide   view  of  the  c o l l e t   a s s e m b l y  
of  the  g r i p p e r ;  

F i g u r e   4B  is  a  c r o s s - s e c t i o n a l   view  of  t h e  

e x p a n d a b l e   c o l l e t   of  the  c o l l e t   a s sembly   i l l u s t r a t e d   i n  
F i g u r e  4 A ;  



F i g u r e   4C  is  a  f r o n t   view  of  t h i s   e x p a n d a b l e  
c o l l e t ;  

F i g u r e   4D  is  an  e n l a r g e d ,   c r o s s - s e c t i o n a l   view  o f  

the  b a r b e d   t h r e a d s   used  in  the  e x p a n d a b l e   c o l l e t   of  t h e  

i n v e n t i o n ;  
F i g u r e   4E  is  a  c r o s s - s e c t i o n a l   view  of  the  c o l l e t  

a s s emb ly ,   t aken   a long  l i n e   E-E  of  F i g u r e   1; 

F i g u r e s   5,  6  and  7  c o n s t i t u t e   an  e x p l o d e d   s i d e  

view  of  the  tube  g r i p p e r   of  the  i n v e n t i o n ,   which  i l l u s -  

t r a t e s   the  a s sembly   of  the  c o l l e t   e x p a n d e r ,   s u s p e n s i o n  
member  and  e x t e n s i o n   a d a p t e r   of  the  i n v e n t i o n ,   a n d  

F i g u r e   8  is  a  s ide   view  of  an  e x t e n s i o n   member 

which  may  be  used  in  the  i n v e n t i o n .  
With  r e f e r e n c e   now  to  F i g u r e s   1  and  2,  w h e r e i n  

l i k e   n u m e r a l s   d e s i g n a t e   l i k e   componen t s ,   the  tube  g r i p p e r   1 
of  the  i n v e n t i o n   g e n e r a l l y   c o m p r i s e s   a  g r i p p i n g   means  5 

i n c l u d i n g   a  c o l l e t   a s sembly   6,  a  c o l l e t   e x p a n d e r   27,  and  a 
s u s p e n s i o n   member  35.  The  s u s p e n s i o n   member  35  is  c o n n e c t -  
ed  to  the  c o l l e t   e x p a n d e r   27  and  d e t a c h a b l y   c o n n e c t e d   t o  
the  c o l l e t   a s sembly   6  by  means  of  a  r o t a t a b l y - o p e r a t e d  
l a t c h   40.  The  l a t c h   40  is  formed  by  a  l a t c h   hook  42  and  a 
l a t c h   pin  48.  As  w i l l   be  e x p l a i n e d   in  more  d e t a i l   h e r e i n -  

a f t e r ,   the  g r i p p e r   means  5  and  the  s u s p e n s i o n   member  35  may 
be  m a n u a l l y   r o t a t e d   r e l a t i v e   to  one  a n o t h e r   so  t h a t   t h e  
l a t c h   hook  42  l o c a t e d   on  the  c o l l e t   a s sembly   6  is  d i s c o n -  
n e c t e d   from  the  l a t c h   pin  48  l o c a t e d   on  the  s u s p e n s i o n  
member  35.  When  t h i s   o c c u r s ,   the  we igh t   of  the  c o l l e t  

a s semb ly   6  c a u s e s   the  f r u s t r o - c o n i c a l   body  29  to  engage  a n d  

expand  the  e x p a n d a b l e   c o l l e t   7  when  the  expande r   27  i s  
drawn  t h r o u g h   the  c o l l e t   a s s emb ly   6,  t h e r e b y   b r i n g i n g   t h e  
t h r e a d s   17  of  the  c o l l e t   7  i n to   g r i p p i n g   engagement   w i t h  
the  i n n e r   w a l l s   of  the  tube  3 .  

With  s p e c i f i c   r e f e r e n c e   now  to  F i g u r e s   2  and  4A 

t h r o u g h   4E,  the  c o l l e t   a s s emb ly   6  of  the  g r i p p e r   1  i n c l u d e s  

an  e x p a n d a b l e   c o l l e t   7  hav ing   an  open  mouth  9  at  i t s   d i s t a l  
end,  and  a  c o l l e t   base   23  which  t e r m i n a t e s   in  a  s top  c o l l a r  
25  at  i t s   p r o x i m a l   end.  The  i n t e r i o r   of  the  e x p a n d a b l e  



c o l l e t   7  of  the  c o l l e t   a s sembly   6  i n c l u d e s   a  f r u s t r o -  
c o n i c a l   c a v i t y   11  which  t e r m i n a t e s   in  i t s   d i s t a l   end  in  t h e  

open  mouth  9  of  the  c o l l e t   7.  Cav i t y   11  is  g e n e r a l l y  

c o m p l e m e n t a r y   in  shape  to  the  f r u s t r o - c o n i c a l   body  29  o f  
the  c o l l e t   expande r   27.  As  is  b e s t   seen  wi th   r e f e r e n c e   t o  

F igu re   4B,  the  p r o x i m a l   end  of  the  f r u s t r o - c o n i c a l   c a v i t y  
11  j o i n s   a  c y l i n d r i c a l   bore  13  which  e x t e n d s   the  e n t i r e  

l e n g t h   of  the  c o l l e t   a s sembly   6.  Tu rn ing   now  to  t h e  

o u t s i d e   of  the  c o l l e t   a s sembly   6,  the  e x t e r i o r   of  t h e  

e x p a n d a b l e   c o l l e t   7  i n c l u d e s   a  p l u r a l i t y   of  tube  g r i p p i n g  
t h r e a d s   17,  as  i n d i c a t e d .   As  is  b e s t   seen  in  F i g u r e   4D, 
each  of  the  t h r e a d s   17  t e r m i n a t e s   in  a  b a r b e d   p o i n t   18.  

For  any  g iven   engagement   p r e s s u r e ,   the  b a r b e d   p r o f i l e   o f  

the  t h r e a d s   17  g r i p s   the  i n s i d e   wa l l s   of  the  tube  3  b e t t e r  
than  t h r e a d s   hav ing   a  c o n v e n t i o n a l   t r i a n g u l a r   p r o f i l e ,  
b e c a u s e   the  sharp   edges  of  the  ba rbed   p r o f i l e   a l low  t h e  

t i p s   18  of  the  t h r e a d s   17  to  more  e a s i l y   p e n e t r a t e   t h e  

i n n e r   w a l l s   of  the  tube  3.  Such  a  s u p e r i o r ,   i n i t i a l  

p e n e t r a t i o n   of  the  p o i n t s   18  of  the  t h r e a d s   17  i n to   t h e  
i n n e r   w a l l s   of  the  tube  3  is  p a r t i c u l a r l y   i m p o r t a n t   i n  
the  i n v e n t i o n   as  a  s a f e g u a r d   a g a i n s t   s l i p p a g e ,   s i nce   t h e  

p r i n c i p a l   c o l l e t - e x p a n d i n g   f o r ce   is  not  a p p l i e d   u n t i l   a 
t u b e - p u l l i n g   f o r c e   is  a p p l i e d   to  the  p r o x i m a l   end  of  t h e  

g r i p p e r   1.  In  the  p r e f e r r e d   embodiment ,   the  t h r e a d s   17  a r e  
c o a t e d   wi th   Armalloy@  in  o r d e r   to  b r i n g   t h e i r   R o c k w e l l  
h a r d n e s s   up  to  about   70,  so  t h a t   they  might   e a s i l y   p e n e -  
t r a t e   the  I n c o n e l   w a l l s   of  the  tube  3.  A d d i t i o n a l l y ,   t h e  
t h r e a d s   17  s p i r a l   around  the  body  of  the  c o l l e t   7  in  a 
l e f t - h a n d e d -   c o n f i g u r a t i o n   in  o rde r   to  f a c i l i t a t e   t h e  
removal   of  the  expanded   c o l l e t   7  from  the  i n n e r   w a l l s   o f  
the  tube  3,  as  w i l l   be  e x p l a i n e d   in  d e t a i l   h e r e i n a f t e r .  

To  p r o v i d e   the  m e c h a n i c a l   f l e x i b i l i t y   t h a t   t h e  

e x p a n d a b l e   c o l l e t   7  must  have  in  o rde r   to  e f f e c t i v e l y  
e x e c u t e   the  g r i p p i n g   o p e r a t i o n ,   the  w a l l s   of  the  c o l l e t   7 
i n c l u d e s   a  p l u r a l i t y   of  l o n g i t u d i n a l   s l o t s   19a,  19b,  1 9 c ,  
19d  and  19e.  As  is  b e s t   seen  in  F igu re   4C,  t h e s e   s l o t s   a r e  
p r e f e r a b l y   e q u i d i s t a n t l y   a r r a n g e d   around  the  c i r c u m f e r e n c e  



of  the  e x p a n d a b l e   c o l l e t   7.  These  s l o t s   have  the  e f f e c t   o f  

d i v i d i n g   the  e x p a n d a b l e   c o l l e t   7  i n to   a  p l u r a l i t y   o f  
r e s i l i e n t   " f i n g e r s " .   A l though   i t   is  not  e v i d e n t   in  any  o f  
the  s e v e r a l   f i g u r e s ,   the  r e s i l i e n t   f i n g e r s   t h a t   form  t h e  

e x p a n d a b l e   c o l l e t   7  each  t a p e r   s l i g h t l y   i n w a r d l y   in  t h e i r  

unexpanded   s t a t e ,   so  t h a t   they  w i l l   assume  a  s u b s t a n t i a l l y  

c y l i n d r i c a l   c o n f i g u r a t i o n   when  the  f r u s t r o - c o n i c a l   body  29 

of  the  c o l l e t   e x p a n d e r   27  is  w i t h d r a w n   i n t o   the  f r u s t r o -  
c o n i c a l   c a v i t y   11  of  the  c o l l e t   7.  In  t h i s   w a l l ,   each  o f  

the  t h r e a d s   17  of  the  g r i p p e r   means  w i l l   engage  the  i n n e r  
w a l l s   of  the  tube  3  d u r i n g   the  g r i p p e r   o p e r a t i o n .   As 

may  b e s t   be  seen  in  F igu re   4A,  each  of  t h e s e   l o n g i t u d i n a l  
s l o t s   19a,  19b,  19c,  19d  and  19e  t e r m i n a t e s   in  a  s t r e s s -  

r e l i e v i n g   keyho le   21a,  21b,  21c,  21d  and  21e,  r e s p e c t i v e l y .  
These  k e y h o l e s   e f f e c t i v e l y   d i s s i p a t e   the  s t r e s s   c o n c e n -  
t r a t e d   at  the  t e r m i n a t i o n   p o i n t s   of  the  a f o r e m e n t i o n e d  

l o n g i t u d i n a l   s l o t s   when  the  f r u s t r o - c o n i c a l   body  29  of  t h e  
c o l l e t   expande r   27  is  w i thd rawn   i n to   the  c o m p l e m e n t a r y ,  
f r u s t r o - c o n i c a l   c a v i t y   11  of  the  e x p a n d a b l e   c o l l e t   7 .  

As  p r e v i o u s l y   m e n t i o n e d ,   the  p r o x i m a l   end  of  t h e  
c o l l e t   a s sembly   6  i n c l u d e s   a  c o l l e t   base   23  and  a  s t o p  
c o l l a r   25.  The  end  of  the  e x p a n d a b l e   c o l l e t   7  p r e f e r a b l y  
melds  i n to   the  f r o n t   face   of  the  c o l l e t   base  23  by  means  o f  

an  a r c u a t e   s h o u l d e r ,   as  i n d i c a t e d ,   in  o r d e r   t h a t   the  j o i n t  
be tween   the  c o l l e t   7  and  the  base  23  w i l l   not  hang  up  on 
the  edge  of  the  mouth  of  a  tube  3  when  the  o p e r a t o r   i n s e r t s  
the  g r i p p e r   1  i n s i d e   the  open  end  of  a  tube  3  in  t h e  
p o s i t i o n   i l l u s t r a t e d   in  F igure   1.  The  c o l l e t   base  23 

s e r v e s   two  f u n c t i o n s .   F i r s t ,   the  c y l i n d r i c a l   shape  of  t h e  
base   23  c o n c e n t r i c a l l y   p o s i t i o n s   the  t h r e a d e d   e x t e r i o r   15 
of  the  e x p a n d a b l e   c o l l e t   7  wi th   r e s p e c t   to  the  i n n e r   w a l l s  
of  the  tube  3  when  the  g r i p p i n g   means  5  of  the  g r i p p e r   1  i s  
i n s e r t e d   i n to   the  open  mouth  of  the  tube  3.  Second,   t h e  
c o l l e t   base  23  l ends   the  we igh t   t h a t   the  c o l l e t   a s s emb ly   6 
must  have  i f   the  f r u s t r o - c o n i c a l   body  29  of  the  c o l l e t  
e x p a n d e r   27  is  to  engage  and  expand  the  c o l l e t   7  d u r i n g   t h e  



tube  g r i p p i n g   o p e r a t i o n .   The  p r o x i m a l   end  of  the  c o l l e t  
a s sembly   6  t e r m i n a t e s   in  a  s top  c o l l a r   25.  Stop  c o l l a r   25 
s e r v e s   the  i m p o r t a n t   f u n c t i o n   of  l i m i t i n g   the  e x t e n d   t o  
which  the  e x p a n d a b l e   c o l l e t   7  may  be  i n s e r t e d   a long   t h e  
l o n g i t u d i n a l   ax is   of  the  tube  3.  Stop  c o l l a r   25  a l so   s e a t s  
the  g r i p p i n g   means  5  on  the  open  end  of  the  tube  3  so  t h a t  
the  we igh t   of  the  c o l l e t   a s sembly   5  is  borne  by  the  tube  3 

d u r i n g   the  g r i p p i n g   o p e r a t i o n .   A l though   the  s top  c o l l a r   25 
is  i n t e g r a l l y   formed  wi th   the  c o l l e t   base  23  in  the  p r e -  
f e r r e d   embodiment ,   i t   should   be  no ted   t h a t ,   in  an  a l t e r n a t e  
embodiment ,   an  a d j u s t a b l e   s top  c o l l a r   formed  by  a  r i n g   a n d  
s e t - s c r e w   a r r a n g e m e n t   could   be  f i t t e d   over  the  c o l l e t   b a s e  
23.  Such  an  a l t e r n a t e   a r r a n g e m e n t   would  a d v a n t a g e o u s l y  
a f f o r d   a  means  to  l o n g i t u d i n a l l y   a d j u s t   the  e x t e n t   to  w h i c h  
the  e x p a n d a b l e   c o l l e t   7  is  i n s e r t e d   a long  the  l o n g i t u d i n a l  
ax i s   of  the  tube  3  p r i o r   to  the  tube  g r i p p i n g   o p e r a t i o n .  
It   shou ld   be  no ted   t h a t   a  s l e e v e   cou ld   be  used  in  l i e u   o f  
such  a  r i ng   i f   a  very   s h a l l o w   p e n e t r a t i o n   i n to   the  open  e n d  
of  the  tube  3  were  d e s i r e d .   In  the  p r e f e r r e d   e m b o d i m e n t ,  
c o l l e t   a s sembly   6  is  formed  from  Vascomax&  300VM  t o o l  
s t e e l ,   and  has  a  s u f f i c i e n t l y   small   d i a m e t e r   so  t h a t   t h e  
g r i p p e r   1  may  e a s i l y   be  s l i d   t h r o u g h   the  bo re s   in  t h e  
s u p p o r t   p l a t e s   in  a  n u c l e a r   steam  g e n e r a t o r .   Such  d i m e n -  
s i o n i n g   a l lows   the  g r i p p e r   1  to  g r ip   and  p u l l   sample  t u b e s  
which  are  l o c a t e d   b e n e a t h   the  s u p p o r t   p l a t e s   in  the  s e c o n -  
dary  s ide   of  a  steam  g e n e r a t o r .  

The  c o l l e t   expande r   27  i n c l u d e s   a  f r u s t r o - c o n i c a l  
body  29  at  i t s   d i s t a l   end,  and  a  rod  31  which  t e r m i n a t e s   i n  
a  t h r e a d e d   end  p o r t i o n   33  l o c a t e d   at  i t s   p r o x i m a l   end.  The 
rod  31  of  the  expande r   27  s l i d a b l y   e x t e n d s   t h r o u g h   t h e  
c e n t r a l l y   d i s p o s e d ,   c y l i n d r i c a l   bore  13  p r e s e n t   in  t h e  
c o l l e t   a s sembly   6.  If  the  g r i p p e r   1  is  to  o p e r a t e   p r o p e r -  
ly,  the  rod  31  of  the  c o l l e t   expande r   27  must  be  able  t o  
f r e e l y   s l i d e   t h r o u g h   the  bore  13  w i t h o u t   b i n d i n g .   L i k e  
c o l l e t   a s sembly   6,  c o l l e t   expande r   27  is  l i k e w i s e   p r e f e r a -  
bly  formed  from  Vascomaxt.  300VM  too l   s t e e l .   A l t h o u g h   n o t  
shown  in  any  of  the  s e v e r a l   F i g u r e s ,   the  d i s t a l   end  of  t h e  



f r u s t r o - c o n i c a l   body  29  may  i n c l u d e   a  c i r c u m f e r e n t i a l  

f l a n g e   for   l i m i t i n g   the  e x t e n t   to  which  the  body  29  may  b e  
i n s e r t e d   i n to   the  c o m p l e m e n t a r y   f r u s t r o - c o n i c a l   c a v i t y   11 
i n s i d e   c o l l e t   7.  Such  a  l i m i t i n g   f l a n g e   is  d e s i r a b l e   when 

one  wishes   to  l i m i t   the  amount  of  r a d i a l   g r i p p i n g   f o r c e  

t h a t   the  body  29  is  c a p a b l e   of  a s s e r t i n g   a g a i n s t   t h e  

f i n g e r s   of  the  e x p a n d a b l e   c o l l e t   7.  Such  a  l i m i t a t i o n   on  
t h i s   r a d i a l   g r i p p i n g   f o r c e   might   be  d e s i r a b l e   when  one  i s  

p u l l i n g   s e v e r e l y   c o r r o d e d   sample  t ubes   whose  w a l l s   are  a p t  
to  s p l i t   from  the  r e s u l t i n g   r a d i a l   p r e s s u r e .  

With  s p e c i f i c   r e f e r e n c e   now  to  F i g u r e s   1,  5  a n d  

6,  the  p r e f e r r e d   embodiment   of  the  g r i p p e r   1  f u r t h e r  
i n c l u d e s   a  s u s p e n s i o n   member  35  which  i n c l u d e s   a  t h r e a d e d  
bore   36  for   r e c e i v i n g   the  t h r e a d e d   end  p o r t i o n   33  of  t h e  
rod  31  of  the  c o l l e t   expande r   27.  In  i t s   c e n t r a l   p o r t i o n ,  
the  s u s p e n s i o n   member  35  i n c l u d e s   a  p a i r   of  p a r a l l e l ,   f l a t  
s u r f a c e s   38a,  38b  which  may  be  r e c e i v e d   w i t h i n   the  s l o t   53 
of  the  puck  52  i l l u s t r a t e d   in  F i g u r e s   3A  and  3B  in  o r d e r  
t h a t   t h i s   p o r t i o n   of  the  g r i p p e r   1  may  be  c o u p l e d   onto  a 
h y d r a u l i c   ram.  F i n a l l y ,   at  i t s   p r o x i m a l   end,  the  s u s p e n -  
s ion   member  35  p r e f e r a b l y   i n c l u d e s   a n o t h e r   t h r e a d e d   bore  37 
for   r e c e i v i n g   the  male  t h r e a d s   57  of  an  e x t e n s i o n   member 
55 .  

With  r e f e r e n c e   now  to  F i g u r e s   1,  2,  4A  and  5,  t h e  
tube  g r i p p e r   1  of  the  i n v e n t i o n   a l so   i n c l u d e s   a  r o t a t a b l y -  
o p e r a t e d   l a t c h   a s sembly   40  for   d e t a c h a b l y   c o n n e c t i n g   t h e  
c o l l e t   a s sembly   6  to  the  s u s p e n s i o n   member  35.  This  l a t c h  

a s s e m b l y   40  i n c l u d e s   a  l a t c h   hook  42  which  is  p r e f e r a b l y  
i n t e g r a l l y   formed  wi th   the  s top  c o l l a r   25  l o c a t e d   at  t h e  

p r o x i m a l   end  of  the  c o l l e t   a s sembly   6,  as  wel l   as  a  l a t c h  

p in   48  r e c e i v a b l e   w i t h i n   a  bore  50  l o c a t e d   at  the  d i s t a l  
end  of  the  s u s p e n s i o n   member  35.  The  pin  is  e n g a g e a b l e  
w i t h i n   a  p i n - r e c e i v i n g   no tch   44  p r e s e n t   in  the  l a t c h   h o o k  
42.  The  p i n - r e c e i v i n g   not  44  i n c l u d e s   an  upper   edge  46 
which  is  p r e f e r a b l y   s l i g h t l y   a r c u a t e   in  shape,   so  t h a t   t h e  
pin   48  w i l l   remain   c a p t u r e d   w i t h i n   the  no tch   44  as  long  a s  
the  we igh t   of  the  c o l l e t   a s s emb ly   6  a p p l i e s   a  t e n s i l e   l o a d  



be tween   the  c o l l e t   a s s emb ly   6  and  the  s u s p e n s i o n   member  35 .  

However,  as  soon  as  t h i s   t e n s i l e   load  is  removed  by,  f o r  

example ,   s e a t i n g   the  s top   c o l l a r   25  a g a i n s t   the  open  end  o f  
the  tube  3,  the  p in   48  may  e a s i l y   be  d i s e n g a g e d   from  t h e  
no tch   44  by  mere ly   m a n u a l l y   t w i s t i n g   the  s u s p e n s i o n   member 
35  a  few  d e g r e e s   c o u n t e r c l o c k w i s e .  

F i g u r e   7  i l l u s t r a t e s   the  e x t e n s i o n   a d a p t e r   55  o f  

the  g r i p p e r   1  of  the  i n v e n t i o n .   A d a p t e r   55  i n c l u d e s   a 
t h r e a d e d   male  p o r t i o n   57  at  i t s   p r o x i m a l   end  which  may  b e  

t h r e a d a b l y   engaged  i n t o   the  t h r e a d e d   bore  37  of  the  s u s p e n -  
s ion   member  35.  Like  the  s u s p e n s i o n   member  35,  the  c e n t r a l  

p o r t i o n   of  the  e x t e n s i o n   a d a p t e r   i n c l u d e s   a  p a i r   of  p a r a l -  
l e l ,   f l a t   s u r f a c e s   61a,  61b  which  are  r e c e i v a b l e   w i t h i n   t h e  
s l o t   53  of  the  puck  52,  as  well   as  a  r i g h t - h a n d e d   t h r e a d e d  
bore  59  at  i t s   p r o x i m a l   e n d .  

F i n a l l y ,   the  tube  g r i p p e r   1  i n c l u d e s   an  e x t e n s i o n  

means  formed  from  one  or  more  e x t e n s i o n   segments   71,  an  
example  of  which  is  i l l u s t r a t e d   in  F igu re   8.  Each  of  t h e  
e x t e n s i o n   segments   71  i n c l u d e s   a  r i g h t - h a n d e d   male  t h r e a d  
73  at  i t s   d i s t a l   end,  and  a  r i g h t - h a n d e d   female   t h r e a d   75 
at  i t s   p r o x i m a l   end.  A d d i t i o n a l l y ,   each  of  the  e x t e n s i o n  

segments   71  i n c l u d e s   a  p a i r   of  f l a t ,   p a r a l l e l   s u r f a c e s   771 ,  
77b  which  are  r e c e i v a b l e   w i t h i n   the  a f o r e m e n t i o n e d   s l o t   53 
of  the  puck  52  used  to  coup le   the  g r i p p e r   1  to  a  h y d r a u l i c  
ram.  A f t e r   the  male  t h r e a d   73  of  the  f i r s t   e x t e n s i o n  

segment  71  is  sc rewed  in to   the  t h r e a d e d   bore  59  of  t h e  
e x t e n s i o n   a d a p t e r   55,  any  number  of  t h e s e   e x t e n s i o n   s e g -  
ments  71  may  be  screwed  t o g e t h e r   in  tandem  to  c r e a t e   an  
e x t e n s i o n   means  of  any  d e s i r e d   l e n g t h .   In  the  p r e f e r r e d  
embodiment ,   each  of  the  e x t e n s i o n   segments   71  is  f o r m e d  
from  No.  304  s t a i n l e s s   s t e e l ,   as  is  the  e x t e n s i o n   a d a p t e r  
55  and  s u s p e n s i o n   member  35.  In  o r d e r   t h a t   the  segment   71 
might   c r e a t e   an  e x t e n s i o n   means  of  a  d e s i r e   l e n g t h   wi th   a 
minimum  number  of  screw  j o i n t s ,   the  segments   71  are  p r e f e r -  
ably  formed  in  a  v a r i e t y   of  l e n g t h s   r a n g i n g   be tween   1  m. 
and  15  cm.  To  f a c i l i t a t e   r e t r i e v a l   in  the  even t   t h a t   t h e  
g r i p p e r   1  is  i n a d v e r t e n t l y   d ropped   in  a  tube  b u n d l e ,   an  



e y e l e t   65  h a v i n g   a  t h r e a d e d   male  p o r t i o n   67  and  a  r i ng   69 
is  sc rewed   i n t o   the  t h r e a d e d   bore  75  of  the  l a s t   e x t e n s i o n  

segment   71.  The  r i n g   69  of  the  e y e l e t   65  (which  is  i l l u s -  

t r a t e d   in  F i g u r e   1)  may  be  e a s i l y   hooked  and  h o i s t e d   by  a 

l a n y a r d   i f   the  g r i p p e r   1  f a l l s   i n to   the  tube  bund le   b y  
m i s t a k e .  

In  o p e r a t i o n ,   an  e x t e n s i o n   means  of  a  d e s i r e d  

l e n g t h   is  c o n s t r u c t e d   by  s c r e w i n g   t o g e t h e r   in  tandem  a 

p l u r a l i t y   of  e x t e n s i o n   segments   71,  as  h e r e t o f o r e   d e -  
s c r i b e d .   P r e f e r a b l y ,   the  l a r g e r   e x t e n s i o n   segments   71  of  1 

m.  in  l e n g t h   are  f i r s t   screwed  t o g e t h e r   u n t i l   an  e x t e n s i o n  

means  of  n e a r l y   the  d e s i r e d   l e n g t h   is  o b t a i n e d .   T h e r e a f -  

t e r ,   15  cm.  e x t e n s i o n   segments   71  are  used  to  c o m p l e t e   t h e  
e x t e n s i o n   means,  so  t h a t   the  r e s u l t i n g   e x t e n s i o n   is  f o r m e d  
wi th   a  minimum  number  of  screw  j o i n t s .  

Next,   the  male  t h r e a d s   73  of  the  f i r s t   e x t e n s i o n  

segments   71  are  screwed  i n to   the  t h r e a d e d   bore  59  of  t h e  
e x t e n s i o n   a d a p t e r   55.  The  tube  g r i p p e r   1  is  then   m a n u a l l y  
o r i e n t e d   i n to   a  v e r t i c a l   p o s i t i o n   with  the  c o l l e t   7  p o i n t -  
ing  down  and  the  l a t c h   pin  48  c a p t u r e d   w i t h i n   the  p i n -  
r e c e i v i n g   no tch   44  of  the  r o t a t a b l e   l a t c h   a s sembly   40 .  

The  c o l l e t   a s sembly   6  of  the  g r i p p i n g   means  5  i s  
next   i n s e r t e d   i n to   the  tube  3  which  is  s u b s t a n t i a l l y  
v e r t i c a l l y   o r i e n t e d   u n t i l   the  s top  c o l l a r   25  of  the  c o l l e t  

a s s e m b l y   6  s e a t s   i t s e l f   a round  the  edge  of  the  open  end  o f  
the  tube   3.  The  o p e r a t o r   of  the  g r i p p e r   w i l l   know  s u c h  

s e a t i n g   has  o c c u r r e d   from  the  s o l i d   f e e l i n g   of  e n g a g e m e n t  
the  e x t e n s i o n   means  w i l l   t r a n s m i t   to  h is   hands  when  t h e  

s top   c o l l a r   25  s t r i k e s   the  open  end  of  the  tube  3.  When 
t h i s   o c c u r s ,   the  tube  3  b e a r s   the  e n t i r e   we igh t   of  t h e  
c o l l e t   a s s emb ly   6.  There  is  t h e r e f o r e   no  l o n g e r   a n y  
t e n s i l e   load  be tween   the  l a t c h   pin  48  c o n n e c t e d   to  t h e  

s u s p e n s i o n   member  35,  and  the  a r c u a t e ,   upper   edge  46  of  t h e  
no tch   44  of  the  l a t c h   hook  42.  The  pin  48  may  t h e r e f o r e   b e  

e a s i l y   d i s e n g a g e d   from  the  p i n - r e c e i v i n g   no tch   44  b y  
m a n u a l l y   t w i s t i n g   the  s u s p e n s i o n   member  35  via   the  e x t e n -  



s ion  means  formed  from  the  segment   71  a  few  d e g r e e s  
c o u n t e r c l o c k w i s e .  

If  the  tube  3  is  s u f f i c i e n t l y   l oose ,   i t   may  t h e n  
be  p u l l e d   out  by  hand.  However,  i f   the  tube  is  not   l o o s e ,  

a  h y d r a u l i c   ram  must  next   be  used .   In  such  a  case ,   t h e  

puck  52  is  next   engaged  to  the  e x t e n s i o n   means  of  t h e  

g r i p p e r   1  in  o r d e r   to  coup le   the  ram  to  the  g r i p p e r   1.  A 

h y d r a u l i c   ram  of  c o n v e n t i o n a l   s t r u c t u r e   is  next   c o u p l e d  
onto  the  puck  52.  In  the  p r e f e r r e d   embodiment ,   the  h y d r a u -  
l i c   ram  is  mounted  on  a  t a b l e   c a p a b l e   of  be ing   s l i d   a l o n g  
both   the  x  and  y  axes  on  the  p l ane   above  the  tube  b u n d l e .  
Such  a  s l i d i n g   t a b l e   mount ing   a l l ows   the  o p e r a t o r   to  e a s i l y  

- s l i d e   the  ram  i n to   a  p r o p e r   c o u p l i n g   p o s i t i o n   r e l a t i v e   t o  
the  e x t e n s i o n   means  a f t e r   the  g r i p p e r   has  been  m a n u a l l y  
i n s e r t e d   i n t o   the  open  end  of  the  sample  tube  3  to  b e  

p u l l e d .   The  ram  is  then  a c t u a t e d   in  o r d e r   to  app ly   a 
t e n s i l e   fo rce   onto  the  p r o x i m a l   end  of  the  g r i p p e r   1.  T h i s  
t e n s i l e   f o r ce   w i t h d r a w s   the  f r u s t r o - c o n i c a l   body  29  of  t h e  
c o l l e t   e x p a n d e r   27  i n to   the  mouth  9  of  the  e x p a n d a b l e  
c o l l e t   7.  Both  the  f l e x i b i l i t y   of  the  w a l l s   of  the  e x p a n d -  
able   c o l l e t   7,  and  the  o v e r a l l   we igh t   of  the  c o l l e t   a s s e m -  
bly  6,  are  chosen   so  t h a t   the  ba rbed   t h r e a d s   17  on  t h e  
o u t e r   s u r f a c e   of  the  c o l l e t   7  engage  the  i n n e r   w a l l s   of  t h e  
tube  3  b e f o r e   the  t e n s i l e   f o r ce   t r a n s m i t t e d   by  the  c o l l e t  

expande r   27  c o u n t e r a c t s   the  we igh t   of  the  c o l l e t   a s s e m b l y  
6.  S ince   the  g r i p p i n g   o p e r a t i o n   in  the  s e c o n d a r y   s i d e s   o f  
most  n u c l e a r   steam  g e n e r a t o r s   t a k e s   p l a c e   u n d e r w a t e r ,   t h e  

we igh t   of  the  c o l l e t   a s sembly   6  shou ld   be  chosen   so  t h a t  
the  c o l l e t   7  is  expanded ,   d e s p i t e   the  w e i g h t - l i g h t e n i n g  
e f f e c t   t h a t   buoyancy   w i l l   e x e r t   on  the  c o l l e t   a s sembly   6 .  
A f t e r   the  f r u s t r o - c o n i c a l   body  29  of  the  c o l l e t   e x p a n d e r   27 
is  w i thd rawn   i n t o   the  mouth  9  of  the  c o l l e t   7,  the  more  
t e n s i l e   f o r c e   the  h y d r a u l i c   ram  a p p l i e s   to  the  tube  g r i p p e r  
1,  the  more  t i g h t l y   the  ba rbed   t h r e a d s   17  of  the  e x p a n d a b l e  
c o l l e t   7  engage  the  i n n e r   w a l l s   of  the  tube  3.  The  tube   3 
is  then   w i t h d r a w n   from  the  s e c o n d a r y   s ide   of  the  s t e a m  

g e n e r a t o r .  



It   shou ld   be  no ted   t h a t ,   in  a  s l i g h t l y   m o d i f i e d  

form,  the  g r i p p e r   could   be  made  to  o p e r a t e   w i t h o u t   t h e  

n e c e s s i t y   of  the  s top  c o l l a r   25  of  the  c o l l e t   a s sembly   6 

s e a t i n g   i t s e l f   around  the  edge  of  the  open  end  of  the  t u b e  
3.  S p e c i f i c a l l y ,   i f   the  upper   edge  46  of  the  no tch   44  o f  

the  l a t c h   hook  42  were  made  s t r a i g h t ,   i n s t e a d   of  a r c u a t e ,  
the  g r i p p e r   1  cou ld   be  made  to  o p e r a t e   by  mere ly   i n s e r t i n g  
the  e x p a n d a b l e   c o l l e t   7  i n to   the  open  end  of  the  tube  3 ,  
and  r a p i d l y   t w i s t i n g   the  e x t e n s i o n   means  of  the  g r i p p e r   so  
t h a t   the  pin  48  becomes  d i s e n g a g e d   from  the  no tch   44  by  
v i r t u e   of  the  r o t a t i o n a l   i n e r t i a   of  the  c o l l e t   a s sembly   6.  

G r a v i t y   would  then   cause  the  c o l l e t   a s sembly   6  to  f r e e l y  
s l i d e   a long  the  rod  31  of  the  expande r   27  u n t i l   t h e  
f r u s t r o - c o n i c a l   body  29  f o r c e f u l l y   engaged  the  mouth  9  o f  
the  e x p a n d a b l e   c o l l e t   7,  t h e r e b y   e x p a n d i n g   the  c o l l e t   7 
i n to   g r i p p i n g   engagement   wi th   the  i n n e r   w a l l s   of  the  t u b e  
3 .  

In  o r d e r   to  r e l e a s e   the  e x p a n d a b l e   c o l l e t   7  f r o m  
the  i n n e r   w a l l s   of  the  tube  3,  the  o p e r a t o r   of  the  g r i p p e r  
1  mere ly   removes  the  e x t e n s i o n   means  and  the  e x t e n s i o n  

a d a p t e r   55,  and  e x e r t s   a  s h o r t   f i rm,   c o m p r e s s i v e   f o r ce   o n t o  
the  s u s p e n s i o n   member  35.  Such  a  c o m p r e s s i v e   f o r ce   d i s -  

l odges   the  f r u s t r o - c o n i c a l   body  29  out  of  the  f r u s t o -  
c o n i c a l   i n t e r i o r   11  of  the  e x p a n d a b l e   c o l l e t   7,  which  i n  
t u r n   c auses   the  r e s i l i e n t   f i n g e r s   of  the  c o l l e t   7  formed  by  
the  s l o t s   19a,  19b,  e t c . ,   to  f l ex   i n w a r d l y ,   t h e r e b y   r e l e a s -  

ing  the  c o l l e t   a s sembly   7  from  the  i n n e r   w a l l s   of  the  t u b e  
3.  The  s u s p e n s i o n   member  35  is  then   pushed  toward  the  o p e n  
end  of  t h e  t u b e   3  and  r o t a t e d   c l o c k w i s e   a  few  d e g r e e s   i n  
o r d e r   to  r e c a p t u r e   the  l a t c h   pin  48  i n to   the  p i n - r e c e i v i n g  
no tch   44  of  the  l a t c h   hook  42.  It  is  at  t h i s   p o i n t   in  t h e  

p r o c e s s   t h a t   the  p r o v i s i o n   of  a  l e f t - h a n d e d   p i t c h   onto  t h e  
t h r e a d s   17  may  be  a p p r e c i a t e d .   As  the  o p e r a t o r   t w i s t s   t h e  

s u s p e n s i o n   member  35  in  a  c l o c k w i s e   d i r e c t i o n   to  r e c o n n e c t  
the  l a t c h   a s sembly   40,  the  l e f t - h a n d e d   p i t c h   on  the  t h r e a d s  
17  c a u s e s   them  to  move  s l i g h t l y   f o r w a r d   a long  the  i n n e r  
w a l l s   of  the  tube  3.  Such  a  f o r w a r d   movement  of  t h e  



t h r e a d s   17  c auses   them  to  f l ex   i n w a r d l y ,   and  to  d i s e n g a g e  
t h e i r   b a r b e d   p o i n t s   18  from  the  i n n e r   w a l l s   of  the  tube  3 .  



1.  An  a p p a r a t u s   for   g r i p p i n g   the  i n n e r   w a l l s   o f  

a  tube ,   c o m p r i s i n g :  

(a)  a  g r i p p i n g   means  i n c l u d i n g   a  c o l l e t   a s s e m b l y  
which  at  i t s   one  end  has  an  e x p a n d a b l e   c o l l e t   which  i s  
i n s e r t a b l e   w i t h i n   a  t ube ,   and  a  c o l l e t   e x p a n d e r   which  c a n  
be  s l i d a b l y   engaged  i n to   s a id   c o l l e t   a s sembly   for   e x p a n d i n g  
sa id   c o l l e t   i n to   g r i p p i n g   c o n t a c t   wi th   the  i n n e r   w a l l s   o f  
sa id   tube  when  sa id   e x p a n d e r   f o r c e f u l l y   engages   and  e x p a n d s  
s a id   c o l l e t ,   a n d  

(b)  a  l a t c h   which  is  r o t a t a b l y   o p e r a b l e   f o r  
s e l e c t i v e l y   r e l e a s i n g   an  e n g a g i n g   c o u p l i n g   be tween   s a i d  
c o l l e t   and  sa id   e x p a n d e r .  

2.  The  a p p a r a t u s   of  c la im  2  whe re in   the  tube  i s  
s u b s t a n t i a l l y   v e r t i c a l ,   and  whe re in   at  l e a s t   p a r t   of  s a i d  
e n g a g i n g   f o r ce   is  p r o v i d e d   by  the  we igh t   of  the  c o l l e t  
a s s e m b l y .  

3.  The  a p p a r a t u s   of  c la im  1,  w h e r e i n   s a i d  
e x p a n d e r   is  s u b s t a n t i a l l y   c o n i c a l   and  is  d i s p o s e d   to  be  i s  
s l i d a b l y   engaged  in  a  c e n t r a l l y   d i s p o s e d   bore  in  s a i d  
c o l l e t   a s s e m b l y .  

4.  The  a p p a r a t u s   of  c la im  3,  f u r t h e r   i n c l u d i n g   a 
s u s p e n s i o n   member  c o n n e c t e d   to  s a id   expande r   and  d e t a c h a b l y  
c o n n e c t e d   to  s a id   c o l l e t   a s sembly   for   s u s p e n d i n g   s a i d  
c o l l e t   of  sa id   c o l l e t   a s sembly   over  s a id   e x p a n d e r ,   a n d  
w h e r e i n   s a id   l a t c h   s e l e c t i v e l y   d i s c o n n e c t s   s a id   c o l l e t  
a s sembly   from  s a id   s u s p e n s i o n   member .  



5.  The  a p p a r a t u s   of  c la im  4,  w h e r e i n   sa id   c o l l e t  

a s sembly   i n c l u d e s   a  s top  c o l l a r   at  the  end  o p p o s i t e   s a i d  

e x p a n d a b l e   c o l l e c t   for  l i m i t i n g   the  dep th   to  which  s a i d  

e x p a n d a b l e   c o l l e t   may  be  i n s e r t e d   w i t h i n   sa id   tube ,   and  f o r  

s e a t i n g   sa id   c o l l e t   a s sembly   of  s a id   g r i p p e r   on  the  o p e n  
end  of  sa id   tube  so  t h a t   s a id   end  of  s a id   tube  b e a r s   t h e  

we igh t   of  sa id   c o l l e t   a s s e m b l y .  
6.  The  a p p a r a t u s   of  c la im  6,  i n c l u d i n g   means  

whereby  sa id   l a t c h   may  be  o p e r a t e d   by  r o t a t i n g   sa id   s u s p e n -  
s ion   member  when  the  we igh t   of  s a id   c o l l e t   a s sembly   i s  
borne   by  sa id   open  end  of  s a id   t u b e .  

7.  The  a p p a r a t u s   of  c l a im  5,  w h e r e i n   sa id   l a t c h  
i n c l u d e s   a  hook  member  and  a  pin  member,  and  whe re in   s a i d  

pin   member  may  be  d i s e n g a g e d   from  s a id   hook  member  by  
r o t a t i n g   sa id   s u s p e n s i o n   member  when  the  we igh t   of  s a i d  
c o l l e t   a ssembly   is  borne  by  the  open  end  of  s a id   t u b e .  

8.  The  a p p a r a t u s   of  c la im  7,  w h e r e i n   sa id   h o o k  
member  is  a t t a c h e d   to  sa id   s top  c o l l a r   and  sa id   p in   member 
is  a t t a c h e d   to  sa id   s u s p e n s i o n   member .  

9.  The  tube  g r i p p e r   of  c l a im  5,  whe re in   s a i d  

expande r   and  sa id   c o l l e t   a s sembly   are  d i s p o s e d   s l i d a b l y  
engaged  so  t h a t   s a id   expande r   may  be  s l i d   i n to   sa id   e x p a n d -  
able  c o l l e t .  

10.  The  tube  g r i p p e r   of  c la im  5,  whe re in   s a i d  

expande r   i n c l u d e s   a  t a p e r e d   e x p a n s i o n   member  c o n n e c t e d   t o  
sa id   s u s p e n s i o n   member  by  means  of  a  r o d .  

11.  The  tube  g r i p p e r   of  c l a im  10,  whe re in   s a i d  
c o l l e t   a ssembly   i n c l u d e s   a  bore  which  e x t e n d s   from  t h e  
mouth  of  sa id   e x p a n d a b l e   c o l l e t   to  the  o t h e r   end  of  s a i d  
c o l l e t   a ssembly ,   and  whe re in   sa id   rod  of  s a id   e x p a n d e r  
t h r o u g h   sa id   b o r e .  

12.  The  tube  g r i p p e r   of  c la im  5,  f u r t h e r   i n c l u d -  

ing  an  e x t e n s i o n   means  for   e x t e n d i n g   the  l e n g t h   of  s a i d  

s u s p e n s i o n   member.  
13.  The  tube  g r i p p e r   of  c la im  12,  whe re in   s a i d  

e x t e n s i o n   means  i n c l u d e s   a  p l u r a l i t y   of  m u t u a l l y   c o n n e c t -  



able  e x t e n s i o n   members,  whereby  the  l e n g t h   of  s a id   e x t e n -  
s ion  means  may  be  a d j u s t e d .  

14.  The  tube  g r i p p e r   of  c la im  12,  whe re in   s a i d  
e x t e n s i o n   means  i n c l u d e s   a  t h r e a d e d   r o d .  

15.  The  tube  g r i p p e r   of  c la im  13,  whe re in   s a i d  

p l u r a l i t y   of  e x t e n s i o n   members  are  m u t u a l l y   c o n n e c t a b l e   i n  

tandem  by  means  of  t h r e a d e d   j o i n t s .  
16.  The  tube  g r i p p e r   of  c la im  5,  w h e r e i n   s a i d  

tube  is  s u b s t a n t i a l l y   v e r t i c a l l y   o r i e n t e d .  
17.  The  tube  g r i p p e r   of  c la im  5,  w h e r e i n   s a i d  

s u s p e n s i o n   member  t e r m i n a t e s   in  an  e y e l e t .  
18.  The  tube  g r i p p e r   of  c la im  5,  whe re in   s a i d  

e x p a n d a b l e   c o l l e t   i n c l u d e s   a  p l u r a l i t y   of  ba rbed   t h r e a d s  
for   g r i p p i n g l y   e n g a g i n g   the  i n s i d e   w a l l s   of  s a id   t u b e .  
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