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@)  Annulus  pressure  responsive  downhole  tool. 

An  annulus  pressure  responsive  downhole  tool  includes  a 
housing  (54)  having  a  power  piston  (140)  slidably  disposed 
therein.  First  (160)  and  second  (166)  pressure  conducting  pas- 
sages  communicate  a  well  annulus  (42)  with  first  (142)  and 
second  (144)  sides  of  the  power  piston.  A  retarding  device 
(244)  is  disposed  in  the  second  pressure  conducting  passage 
for  delaying  communication  of  a  sufficient  portion  of  an  in- 
crease  in  well  annulus  pressure  to  the  second  side  of  the  power 
piston  for  a  sufficient  time  to  allow  a  pressure  differential 
across  the  power  piston  to  move  the  power  piston  from  a  first 
position  to  a  second  position  relative  to  the  housing.  A  pressure 
relief  means  (272)  is  communicated  with  the  second  pressure 
conducting  passage  between  the  power  piston  and  the  retard- 
ing  device  for  relieving  from  the  second  pressure  conducting 
passage  a  volume  of  fluid  sufficient  to  permit  the  power  piston 
to  travel  to  its  second  position. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  a n n u l u s  

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

I t   i s   w e l l   known  in  t h e   a r t   t h a t   d o w n h o l e   t o o l s  

s u c h   as  t e s t i n g   v a l v e s ,   c i r c u l a t i n g   v a l v e s   and  s a m p l e r s ,  

can  be  o p e r a t e d   by  v a r y i n g   t h e   p r e s s u r e   of  f l u i d   in  a  w e l l  

a n n u l u s   and  a p p l y i n g   t h a t   p r e s s u r e   to  a  d i f f e r e n t i a l  

p r e s s u r e   p i s t o n   w i t h i n   t h e   t o o l .   The  p r e d o m i n a n t   m e t h o d  

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

d i f f e r e n t i a l   p r e s s u r e   p i s t o n   has   b e e n  t o   i s o l a t e   a  v o l u m e  

of  f l u i d   w i t h i n   t h e   t o o l   at   a  f i x e d   r e f e r e n c e   p r e s s u r e .  
The  f i x e d   r e f e r e n c e   p r e s s u r e   has   been   p r o v i d e d   in  a  n u m b e r  

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

e s s e n t i a l l y   empty   s e a l e d   c h a m b e r   on  t h e   low  p r e s s u r e   s i d e  

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

a i r   at   t h e   a m b i e n t   p r e s s u r e   a t   w h i c h   t h e   t o o l   was  a s s e m b l e d .  

Such  a  d e v i c e   i s   shown  f o r   e x a m p l e   in  U.S.   P a t e n t   No .  

4 , 0 7 6 , 0 7 7   w i t h   r e g a r d   to  i t s   s e a l e d   c h a m b e r   42.   T h i s  

t y p e   of  d e v i c e   d o e s   no t   b a l a n c e   h y d r o s t a t i c  a n n u l u s  

p r e s s u r e   a c r o s s   t h e   power   p i s t o n   as  t h e   t o o l   i s   run   i n t o  

t h e   w e l l .  

A n o t h e r   a p p r o a c h   has   been   to  p r o v i d e   a  c h a m b e r   o n  

t h e   low  p r e s s u r e   s i d e   of  t h e   p i s t o n ,   and  f i l l   t h a t   c h a m b e r  

w i t h   a  c h a r g e   of  i n e r t   gas   s u c h   as  n i t r o g e n .   Then ,   w h e n  

t h e   a n n u l u s   p r e s s u r e   o v e r c o m e s   t h e   gas   p r e s s u r e ,   t h e   p o w e r  

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



i s   c o m p r e s s e d   a l l o w i n g   m o v e m e n t   of  t h e   power   p i s t o n .   S u c h  

a  d e v i c e   i s   shown  f o r   e x a m p l e   in  U.S.   P a t e n t   No.  3 , 6 6 4 , 4 1 5  

w i t h   r e g a r d   to  i t s   n i t r o g e n   c a v i t y   44.   Th i s   t y p e   of  d e v i c e  

d o e s   no t   b a l a n c e   h y d r o s t a t i c   a n n u l u s   p r e s s u r e   a c r o s s   t h e  

power   p i s t o n   as  t h e   t o o l   i s   run   i n t o   t h e   w e l l .  

A n o t h e r   a p p r o a c h   has   been   to  use   a  c h a r g e   of  i n e r t  

gas   as  d e s c r i b e d   a b o v e ,   in  c o m b i n a t i o n   w i t h   some  means   f o r  

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

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

w e l l   b o r e   and  t h e   t e s t i n g   s t r i n g ,   as  t h e   t e s t   s t r i n g   i s  

l o w e r e d   i n t o   t h e   w e l l .   Such  a  d e v i c e   i s   shown  f o r   e x a m p l e  

in  U.S.   P a t e n t   No.  3 , 8 5 6 , 0 8 5 .   When  a  t o o l   of  t h i s   t y p e   h a s  

been   l o w e r e d   to  t h e   d e s i r e d   p o s i t i o n   in  t h e   w e l l ,   t h e   i n e r t  

gas   p r e s s u r e   i s   s u p p l e m e n t e d   by  t h e   a m o u n t   of  t h e   h y d r o -  

s t a t i c   p r e s s u r e   in  t h e   w e l l   at  t h a t   d e p t h .   T h e n ,   an  i s o l a -  

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

of  w e l l   a n n u l u s   f l u i d   at   a  p r e s s u r e   s u b s t a n t i a l l y   e q u a l   t o  

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

Once  t h e   i s o l a t i o n   v a l v e   has   c l o s e d ,   t h e   r e f e r e n c e   p r e s s u r e  

p r o v i d e d   by  t h e   i n e r t   gas   i s   no  l o n g e r   a f f e c t e d   by  f u r t h e r  

i n c r e a s e s   in  w e l l   a n n u l u s   p r e s s u r e .   Then ,   w e l l   a n n u l u s  

p r e s s u r e   may  be  i n c r e a s e d   to  c r e a t e   a  p r e s s u r e   d i f f e r e n t i a l  

a c r o s s   t h e   power   p i s t o n   to  a c t u a t e   t h e   t o o l .  

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

use   a  l a r g e   v o l u m e   of  a  s o m e w h a t   c o m p r e s s i b l e   l i q u i d   s u c h  

as  s i l i c o n e   o i l   on  t h e   low  p r e s s u r e   s i d e   of  t h e   p i s t o n .  

Such  a  d e v i c e   i s   s e e n   f o r   e x a m p l e   in  U.S.   P a t e n t   N o .  

4 , 1 0 9 , 7 2 4 .  

One  r e c e n t   d e v i c e   w h i c h   has   no t   r e l i e d   upon   e i t h e r  

a  l a r g e   v o l u m e   of  c o m p r e s s i b l e   l i q u i d   or  a  v o l u m e   o f  

c o m p r e s s i b l e   gas   i s   shown  in  U.S.   P a t e n t   No.  4 , 3 4 1 , 2 6 6 .  

Th i s   i s   a  t r a p p e d   r e f e r e n c e   p r e s s u r e   d e v i c e   w h i c h   u s e s   a  

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

to  a c c o m p l i s h   a c t u a t i o n   of  t h e   t o o l .   The  r e f e r e n c e   p r e s s u r e  



i s   t r a p p e d   by  a  v a l v e   w h i c h   s h u t s   upon  t h e   i n i t i a l  

p r e s s u r i z i n g   up  of  t h e   w e l l   a n n u l u s   a f t e r   t h e   p a c k e r   i s  

s e t .   The  C r a i g   t o o l   d o e s   b a l a n c e   h y d r o s t a t i c   p r e s s u r e  

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

A n o t h e r   r e l a t i v e l y   r e c e n t   d e v e l o p m e n t   i s   shown  i n  

U.S.   P a t e n t   No.  4 , 1 1 3 , 0 1 2   to   Evans   e t  a l .   T h i s   d e v i c e  

u t i l i z e s   f l u i d   f l o w   r e s t r i c t o r s   119  and  121  to   c r e a t e   a  

t i m e   d e l a y   in  any  c o m m u n i c a t i o n   of  c h a n g e s   in  w e l l   a n n u l u s  

p r e s s u r e   to  t h e   l o w e r   s i d e   of  i t s   power   p i s t o n .   D u r i n g  

t h i s   t i m e   d e l a y ,   t h e   power   p i s t o n   moves   f rom  a  f i r s t   t o  

a  s e c o n d   p o s i t i o n .   The  p a r t i c u l a r  t o o l   d i s c l o s e d   b y  

Evans   et   a l .   u t i l i z e s   a  c o m p r e s s e d   n i t r o g e n   gas   c h a m b e r   i n  

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

p r e s s u r e   f rom  t h e   c o m p r e s s e d   n i t r o g e n   g a s  t o   a  n o n -  

c o m p r e s s i b l e   l i q u i d   f i l l e d   c h a m b e r .   T h i s   l i q u i d   f i l l e d  

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

p r e s s u r i z i n g   and  d e p r e s s u r i z i n g  p a s s a g e s ,  e a c h   o f  w h i c h  

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

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

a c r o s s   t h e   power   p i s t o n   as  t h e   t o o l   i s   run   i n t o   t h e   w e l l ,  

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

t h e   back   p r e s s u r e   c h e c k   v a l v e   in  t h e   p r e s s u r i z i n g   p a s s a g e .  

With   mos t   of  t h e s e   p r i o r   a r t   d e v i c e s ,   t h e r e   h a s  

been   t h e   need   to  p r o v i d e   e i t h e r   a  l a r g e   v o l u m e   of  c o m p r e s -  

s i b l e   l i q u i d   or  a  v o l u m e   of  c o m p r e s s i b l e   gas   to  a c c o u n t  

f o r   t h e   v o l u m e   c h a n g e   w i t h i n   t h e   t o o l   on  t h e   low  p r e s s u r e  

s i d e   of  t h e  p o w e r   p i s t o n :   T h i s   c o m p r e s s i b l e   l i q u i d   or  g a s  

has   g e n e r a l l y   e i t h e r   been   s i l i c o n e   o i l   or  n i t r o g e n .   T h e r e  

a r e   d i s a d v a n t a g e s   w i t h   b o t h   of  t h e s e .  

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

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

v o l u m e   c h a n g e   r e q u i r e d   on  t h e   low  p r e s s u r e   s i d e   of  t h e  

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

of  t h e   l a r g e   v o l u m e   of  s i l i c o n e   o i l   r e q u i r e d   in  v i ew   o f  

i t s   r e l a t i v e l y   low  c o m p r e s s i b i l i t y .  



On  t h e   o t h e r   h a n d ,   t h e r e   i s   a  d a n g e r   in  t o o l s   t h a t  

u t i l i z e   an  i n e r t   g a s ,   s u c h   as  n i t r o g e n ,   as  in  any  h i g h  

p r e s s u r e   v e s s e l .  

F u r t h e r m o r e ,   mos t   of  t h e s e   p r i o r   a r t   t o o l s   h a v e  

r e q u i r e d   r e l a t i v e l y   h i g h   a n n u l u s   p r e s s u r e   i n c r e a s e s ,  

s o m e t i m e s   as  h i g h   as  2000  p s i   ( 1 3 . 8   MPa),   f o r   o p e r a t i o n .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   a n n u l u s  

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

r e l a t i v e l y   low  i n c r e a s e   in  a n n u l u s   p r e s s u r e ,   and  w h i c h   a l s o  

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

e i t h e r   a  l a r g e   v o l u m e   of  c o m p r e s s i b l e   l i q u i d   or  a  

p r e s s u r i z e d   v o l u m e   of  c o m p r e s s i b l e   gas   in  o r d e r   to  p r o v i d e  

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

m o v i n g   power   p i s t o n .  

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

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

h o u s i n g   h a v i n g   a  power   p i s t o n   s l i d a b l y   d i s p o s e d   in  t h e  

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

t h e   w e l l   a n n u l u s   w i t h   a  f i r s t   s i d e   of  t h e   power   p i s t o n .  

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

a n n u l u s   w i t h   a  s e c o n d   s i d e   of  t h e   power   p i s t o n .   A 

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

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

c i e n t   p o r t i o n   of  an  i n c r e a s e   in  w e l l   a n n u l u s   p r e s s u r e   t o  

t h e   s e c o n d   s i d e   of  t h e   power   p i s t o n   f o r   a  s u f f i c i e n t   t i m e  

to  a l l o w   a  p r e s s u r e   d i f f e r e n t i a l   f rom  t he   f i r s t   s i d e   to  t h e  

s e c o n d   s i d e   of  t h e   power   p i s t o n   to  move  t h e   power   p i s t o n  

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

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

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

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

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

s u f f i c i e n t   to   p e r m i t   t h e   power   p i s t o n   to  t r a v e l   to  i t s  

s e c o n d   p o s i t i o n .  

I t   i s   t h i s   p r e s s u r e   r e l i e f   m e a n s ,   w h i c h   r e l i e v e s  



f l u i d   f rom  t h e   low  p r e s s u r e   s i d e   of  t he   power   p i s t o n ,   w h i c h  

e l i m i n a t e s   t h e   need   f o r   u s i n g   e i t h e r   a  c o m p r e s s i b l e   gas   o r  

a  l a r g e   v o l u m e   of  c o m p r e s s i b l e   l i q u i d   on  t h e   low  p r e s s u r e  
s i d e   of  t h e   power   p i s t o n .  

The  u se   of  t h e   p r e s s u r e   r e l i e f   means   to  a c c o m m o d a t e  

t h e   f l u i d   d i s p l a c e d   by  t h e   power   p i s t o n ,   i n s t e a d   of  u s i n g  

a  l a r g e   v o l u m e   of  c o m p r e s s i b l e   l i q u i d   or  a  p r e s s u r i z e d  

v o l u m e  o f   gas   p r o v i d e s   a  n u m b e r   of  a d v a n t a g e s .  

S i n c e   no  p r e s s u r i z e d   n i t r o g e n   i s   u s e d ,   t h e   d a n g e r s  

a s s o c i a t e d   w i t h   t h e   use   of  p r e s s u r i z e d   n i t r o g e n   a r e  

e l i m i n a t e d .  

Very  s i g n i f i c a n t l y ,   t h e   p r e s s u r e s   w h i c h   must   b e  

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

p r e s e n t   i n v e n t i o n   a r e   v e r y   much  r e d u c e d   as  c o m p a r e d   to  m o s t  

p r i o r   a r t   t o o l s .  

A l s o ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  t o o l ' w h i c h  

a l w a y s   a c t u a t e s   a t   t h e   same  d i f f e r e n t i a l   o p e r a t i n g   p r e s s u r e .  
T o o l s   w h i c h   r e l y   upon  c o m p r e s s i b l e   l i q u i d s   or  c o m p r e s s i b l e  

gas   do  n o t   h a v e   c o n s t a n t   d i f f e r e n t i a l   o p e r a t i n g   p r e s s u r e s  
b e c a u s e   t h e   c o m p r e s s i b i l i t y   of  t h e   s i l i c o n e   o i l   and  t h e  

n i t r o g e n   i s   n o n - l i n e a r .  

The  t o o l s   of  t h e   p r e s e n t   i n v e n t i o n   can  be  o p e r a t e d  

w i t h   a  d i f f e r e n t i a l   o p e r a t i n g   p r e s s u r e   of  as  l i t t l e   a s  

2 0 0 - 5 0 0   p s i   ( 1 . 4  -   3 .4   MPa).   Th i s   i s   d e t e r m i n e d   by  t h e  

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

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

of  1000  p s i   ( 6 . 9   MPa)  i s   u s e d   to  a c t u a t e   t h e   t o o l   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  w ide   m a r g i n   of  e r r o r   i s   p r o v i d e d  

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

P r i o r   a r t   t o o l s ,   p a r t i c u l a r l y   t h o s e   r e l y i n g   u p o n  
t h e   c o m p r e s s i o n   of  s i l i c o n e   o i l ,   r e q u i r e   much  h i g h e r  

d i f f e r e n t i a l   o p e r a t i n g   p r e s s u r e s   as  h i g h   as  2000  p s i  

( 1 3 . 8   M P a ) .  

T h i s   i s   p a r t i c u l a r l y   i m p o r t a n t   in  v i ew  of  t h e   f a c t  

t h a t ,   a s s u m i n g   t h e   t o o l   in  q u e s t i o n   i s   a  t e s t e r   v a l v e ,   t h e  



o t h e r   t o o l s   in  t h e   t e s t   s t r i n g ,   s u c h   as  c i r c u l a t i n g   v a l v e s  

f o r   e x a m p l e ,   have   to  be  s e t   to  o p e r a t e   at   a  d i f f e r e n t i a l  

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

T y p i c a l l y ,   i t   i s   u n d e s i r a b l e   to  i n c r e a s e   t he   w e l l   a n n u l u s  

p r e s s u r e   g r e a t e r   t h a n   a b o u t   3000  p s i   ( 2 0 . 7   MPa)  b e c a u s e   o f  

l i m i t s   on  t h e   s t r e n g t h   of  t h e   w e l l   c a s i n g .   The  p r e s e n t  

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

p r e s s u r e s   of  t h e   v a r i o u s   t o o l s   in  t h e   t e s t i n g   s t r i n g   to  b e  

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

p r e s s u r e s   to   be  d e c r e a s e d .   Th i s   i m p r o v e s   b o t h   t h e   s a f e t y  

and  t h e   r e l i a b i l i t y   of  o p e r a t i o n   of  t he   e n t i r e   t e s t i n g   s t r i n g .  

In  a c c o r d a n c e   w i t h   one  p r e f e r r e d   f e a t u r e   of  t h e  

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

o p e r a t i v e l y   a s s o c i a t e d   w i t h   s a i d   power   p i s t o n ,   f o r   r e l e a s -  

a b l y   p r e v e n t i n g   s a i d   power   p i s t o n   f rom  r e t u r n i n g   to  i t s  

f i r s t   p o s i t i o n .   In  s u c h   an  a p p a r a t u s ,   we  p r e f e r   t h a t   t h e  

r e l e a s a b l e   h o l d i n g   means   i n c l u d e s   back   p r e s s u r e   c h e c k   v a l v e  

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

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

of  s a i d   i n c r e a s e   in  w e l l   a n n u l u s   p r e s s u r e   to  s a i d   s e c o n d  

s i d e   of  s a i d   power   p i s t o n   so  t h a t   so  l o n g   as  s a i d   i n c r e a s e  

in  w e l l   a n n u l u s   p r e s s u r e   i s   m a i n t a i n e d   on  s a i d   f i r s t   s i d e  

of  s a i d   power   p i s t o n   a  s u f f i c i e n t   p r e s s u r e   d i f f e r e n t i a l   i s  

m a i n t a i n e d   f rom  s a i d   f i r s t   s i d e   to  s a i d   s e c o n d   s i d e   of  s a i d  

power   p i s t o n   to  p r e v e n t   s a i d   power   p i s t o n   f rom  r e t u r n i n g   t o  

i t s   s a i d   f i r s t   p o s i t i o n .  

In  a c c o r d a n c e   w i t h   a n o t h e r   p r e f e r r e d   f e a t u r e   of  t h e  

i n v e n t i o n ,   t he   t o o l   h o u s i n g   i n c l u d e s   i n n e r   and  o u t e r  

c o n c e n t r i c   t u b u l a r   m e m b e r s   d e f i n i n g   an  a n n u l a r   c a v i t y  

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

b e i n g   a t   l e a s t   p a r t i a l l y   d e f i n e d   by  s a i d   a n n u l a r   c a v i t y ;  

and  w h e r e i n   s a i d   r e t a r d i n g   means   i n c l u d e s   an  a n n u l a r  

f l o a t i n g   shoe   c l o s e l y   r e c e i v e d   in  s a i d   a n n u l a r   c a v i t y ,   s a i d  

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

e n g a g i n g   b o t h   s a i d   i n n e r   and  o u t e r   t u b u l a r   member s   of  s a i d  



t o o l   h o u s i n g .   P r e f e r a b l y ,   t h e   f l o a t i n g   shoe   of  s a i d   r e t a r d -  

i ng   means   i s   f u r t h e r   c h a r a c t e r i z e d   as  a l s o   b e i n g   a  m e a n s   f o r  

a l l o w i n g   an  a d d i t i o n a l   p o r t i o n   of  s a i d   i n c r e a s e   in  w e l l  

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

s a i d   power   p i s t o n   a f t e r   s a i d   power   p i s t o n   i s   moved  to   i t s  

s a i d   s e c o n d   p o s i t i o n .  

I n  a c c o r d a n c e   w i t h   a  f u r t h e r   p r e f e r r e d   f e a t u r e   o f  

t h e   i n v e n t i o n ,   t h e   p r e s s u r e   r e l i e f   means   i n c l u d e s :   a  f l u i d  

dump  z o n e ;   a  f l u i d   dump  p a s s a g e   means   f o r   c o m m u n i c a t i n g  
s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g  

p a s s a g e   means   w i t h   s a i d   f l u i d   dump  z o n e ;   a  f l u i d   d u m p  

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

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

p a s s a g e   m e a n s ,   s a i d   dump  v a l v e   b e i n g   m o v a b l e   b e t w e e n   a  

c l o s e d   p o s i t i o n   i s o l a t i n g   s a i d   f i r s t   p o r t i o n   of  s a i d  

s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   f rom  s a i d   f l u i d  

dump  p a s s a g e   m e a n s   and  an  open  p o s i t i o n   w h e r e i n   f l u i d   i s  

a l l o w e d   to   f l o w   f rom  s a i d   f i r s t   p o r t i o n   o f  s a i d   s e c o n d  

p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   to  s a i d   f l u i d   d u m p  

p a s s a g e   m e a n s ;   and  o p e r a t i n g   means   o p e r a t i v e l y   a s s o c i a t e d  

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

m o v i n g   s a i d   f l u i d  d u m p   v a l v e   to   i t s   s a i d   open  p o s i t i o n   a s  

s a i d   power   p i s t o n   s t a r t s   to  move  f rom  i t s   s a i d   f i r s t  

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

s a i d   f l u i d   dump  v a l v e   in  i t s   s a i d   open   p o s i t i o n   u n t i l   s a i d  

p o w e r   p i s t o n   r e a c h e s   i t s   s a i d  s e c o n d   p o s i t i o n ,   and  f o r  

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

a f t e r   s a i d   power   p i s t o n   r e a c h e s   i t s   s a i d   s e c o n d   p o s i t i o n .  

T h e s e   and  o t h e r   p r e f e r r e d   f e a t u r e s   may  be  a d o p t e d  

s i n g l y   or  in  any  c o m b i n a t i o n .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more  f u l l y   u n d e r -  

s t o o d ,   v a r i o u s   e m b o d i m e n t s   t h e r e o f   w i l l   now  be  d e s c r i b e d ,  

by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e   to  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 :  



FIG.  1  is  a  schematic  e l eva t ion   view  of  an  offshore   we l l  

showing  a  well  t es t   s t r ing   in  place  within  the  well  bo re .  

FIGS.  2A-2E  comprise  an  e l eva t ion   h a l f - s e c t i o n   view  of  a 

f i r s t   embodiment  of  the  downhole  tool  of  the  present   i n v e n t i o n .  

FIG.  3  is  a  layed  out  view  of  the  J - s l o t   arrangement  d i s p o s e d  

in  sleeve  180  i l l u s t r a t e d   in  FIG.  2C. 

FIGS.  4A-4E  comprise  an  e l eva t ion   h a l f - s e c t i o n   view  of  a 

second  embodiment  of  the  present   i n v e n t i o n .  

FIGS.  5A-5G  comprise  an  e l eva t ion   h a l f - s e c t i o n   view  of  a 

third  embodiment  of  the  present   i n v e n t i o n .  

FIGS.  6A-6E  comprise  an  e l eva t ion   h a l f - s e c t i o n   view  of  a 

fourth  embodiment  of  the  present   i n v e n t i o n .  

FIG.  7  is  a  layed  out  view  of  a  r a t che t   groove  disposed  in  

r a t che t   mandrel  858  which  comprises  a  port ion  of  the  r a t c h e t  

means  of  the  embodiment  of  FIGS.  6A-6E. 

FIG.  8  is  a  layed  out  view  of  a  cam  surface  and  accompanying 

ball   rece iv ing   groove  disposed  in  the  lower  port ion  of  r a t c h e t  

mandrel  858  of  the  embodiment  of  FIGS.  6A-6E. 



Refer r ing   now  to  the  drawings,  and  p a r t i c u l a r l y   to  FIG.  1, 

the  downhole  tool  of  the  present   invent ion  is  shown  in  a  t e s t i n g  

s t r ing   for  use  in  an  of fshore   oil  or  gas  w e l l .  

In  FIG.  1,  a  f l o a t i n g   work  s t a t i o n   11  is  centered  over  a  sub-  

merged  oil  or  gas  well  located  in  the  sea  f loor  10  having  a  bore  

hole  12  which  extends  from  the  sea  f loor   10  to  a  submerged  f o r -  

mation  14  which  is  to  be  t e s t ed .   The  bore  hole  12  is  t y p i c a l l y  

l ined  by   a  s t ee l   l i ne r   or  casing  16  which  is  cemented  into  p l a c e .  

A  subsea  conduit  18  extends  from  a  deck  20  of  the  f l o a t i n g  

work  s t a t i o n   11  into  a  well  head  i n s t a l l a t i o n   22.  The  f l o a t i n g  

work  s t a t i o n   11  has  a  der r ick   24  and  ho i s t i ng   apparatus   26  f o r  

r a i s i ng   and  lowering  tools   to  d r i l l ,   t es t   and  complete  the  oil  o r  

gas  w e l l .  

A  t e s t i n g   s t r i ng   28  is  shown  a f t e r   it  has  been  lowered  i n t o  

the  bore  hole  12  of  the  oil  or  gas  well .   The  t e s t i ng   s t r ing   28 

includes  such  tools   as  a  s l i p   jo in t   30  to  compensate  for  the  wave 

act ion  of  the  f l o a t i n g   work  s t a t i o n   11  as  the  t e s t i ng   s t r ing   28 

is  being  lowered  into  place,   a  t e s t e r  v a l v e   32  and  a  c i r c u l a t i o n  

valve  34.  Also,  a  check  valve  assembly  36  may  be  located  in  the  

t e s t i n g   s t r ing   28  below  the  t e s t e r   valve  32.  

The  t e s t e r   valve  32,  c i r c u l a t i o n   valve  34,  and  check  v a l v e  

assembly  36,  are  operated  by  f lu id   annulus  pressure   exerted  by  a 

pump  38  located  on  the  deck  20  of  the  f l o a t i n g   work  s t a t i o n   11.  

Pressure   changes  are  t r a n s m i t t e d   by  a  pipe  40  to  a  well  annu lus  

42  between  the  casing  16  and  the  t e s t i ng   s t r ing   28. 



Annulus  pressure   in  the  well  annulus  42  is  i so la ted   from  the  

formation  14  to  be  tes ted  by  a  packer  44  set  in  the  well  c a s i n g  

16  just   above  the  formation  l 4 .  

The  t e s t i ng   s t r ing   28  also  genera l ly   includes  a  tubing  s e a l  

assembly  46  which  stabs  through  a  passageway  through  the  p roduc-  

tion  packer  44  forming  a  seal  i s o l a t i n g   an  upper  por t ion  of  t he  

well  annulus  42  above  the  packer  44  from  an  i n t e r i o r   bore  48  o f  

the  well  immediately  adjacent   the  formation  14  and  below  the  

packer  44.  The  i n t e r i o r   bore  48  may  also  be  r e fe r red   to  as  a 

lower  por t ion  of  the  well  annulus  42  below  the  packer  44,  i t  

being  understood  that  this  lower  por t ion  48  of  the  well  annu lus  

42  is  not  n c e s s a r i l y   annular  in  shape,  but  instead  includes  what-  

ever  por t ion  of  the  well  cavity  there  is  below  the  packer  44.  

A  pe r fo ra t ed   t a i l   piece  50,  or  other  product ion  tube,  i s  

located  at  the  bottom  end  of  the  seal  assembly  46  to  allow  f o r -  

mation  f lu ids   to  flow  from  the  formation  14  into  a  flow  pas sage  

of  the  t e s t i ng   s t r ing   28.  Formation  f lu id   is  admitted  into  t he  

lower  por t ion  48  of  well  annulus  42  through  p e r f o r a t i o n s   52  p r o -  

vided  in  the  casing  16  adjacent   the  formation  14. 

A  t e s t ing   s t r ing   such  as  that  i l l u s t r a t e d   may  be  used  e i t h e r  

to  t es t   formation  flow  from  the  formation  14,  or  t r ea t   the  f o r -  

mation  14  by  pumping  l iqu ids   downward  through  the  tes t   s t r i n g  

into  the  formation  14. 

The  present   invention  r e l a t e s   to  low  pressure   r e s p o n s i v e  

tools  for  use  in  such  a  t es t   s t r i n g .  

The  s p e c i f i c   embodiments  i l l u s t r a t e d   in  the  drawings  and 



discussed  below  all   r e l a t e   to  t e s t e r   valves  which  would  be 

located  such  as  the  t e s t e r   valve  32  in  the  schematic  i l l u s t r a t i o n  

of  FIG.  1. 

The  scope  of  the  present   invent ion ,   however,  is  such  that  i t  

embodies  more  than  just   t e s t e r   valves,   and  embodies  any  downhole 

tool  apparatus   which  is  operated  in  response  to  annulus  p r e s s u r e .  

Thus  the  concepts  about  to  be  d iscussed  can  be  u t i l i z e d   f o r  

t e s t e r   valves,   c i r c u l a t i o n   valves ,   such  as  c i r c u l a t i o n   valve  34 

i l l u s t r a t e d   in  FIG.  1,  or  also  for  example  in  sample  chambers  o r  

the  like  which  might  be  used  with  such  a  tes t   s t r ing   to  trap  a 

sample  of  the  flowing  f l u i d .  

The  Embodiment  of  FIGS.  2-3 

Refer r ing   now  to  FIGS.  2A-2E,  an  e l eva t ion   h a l f - s e c t i o n   view 

is  thereshown  of  a  f i r s t   embodiment  of  a  t e s t e r   valve  of  the  p r e -  

sent  inven t ion ,   which  t e s t e r   valve  is  gene ra l ly   des ignated  by  t h e  

numeral  32A.  The  t e s t e r  v a l v e   32A may  genera l ly   be  r e f e r r ed   t o  

as  an  annulus  pressure   responsive   downhole  tool  apparatus   32A. 

The  t e s t e r   valve  32A  includes  a  tool  housing  gene ra l ly   d e s i g -  

nated  by  the  numeral  54.  The  tool  housing  54  includes  an  upper  

adaptor  56,  a  valve  housing  sec t ion   58,  a  f i r s t   middle  a d a p t o r  

60,  a  power  housing  sec t ion   62,  a  second  middle  adaptor  64,  a 

c a r t r i d g e   housing  sec t ion   66,  and  a  lower  adaptor  68. 

An  o-r ing  seal  70  is  provided  between  upper  adaptor  56  and 

valve  housing  sec t ion   58. 

Valve  housing  sec t ion   58  and  f i r s t   middle  adaptor  60  a r e  



joined  at  threaded  connection  72  and  a  seal  is  provided  t h e r e -  

between  by  O-ring  74. 

F i r s t   middle  adaptor  60  and  power  h o u s i n g  s e c t i o n   62  a r e  

joined  toge ther   at  threaded  connection  76  and  a  seal  is  p r o v i d e d  

therebetween  by  O-ring  78.  

Power  housing  sect ion  62  and  second  middle  adaptor  64  a r e  

joined  together   at  threaded  connection  80  and  a  seal  is  p rov ided  

therebetween  by  double  0-ring  seal  means  8 2 .  

Second  middle  adaptor  64  and  c a r t r i d g e   housing  sect ion  66  a r e  

joined  together   at  threaded  connection  84  and  a  seal  is  p rov ided  

therebetween  by  double  O-ring  means  86.  

Car t r idge   housing  66  and  lower  adaptor  68  are  joined  t o g e t h e r  

at  threaded  connection  88.  

Disposed  in  the  valve  housing  sect ion  58  is  a  ful l   opening 

ball  valve  means  90.  

The  ball   valve  means  90  is  i l l u s t r a t e d   in  FIG.  2A  in  i t s  

f i r s t   closed  pos i t ion   closing  a  cen t ra l   bore  92  of  the  t e s t e r  

valve  32A.  The  ball   valve  means  90  may  be  ro ta ted   90°  r e l a t i v e  

to  the  housing 54  to  an  open  pos i t i on   wherein  a  bore  94  of  b a l l  

valve  means  90  is  aligned  with  c en t r a l   bore  92. 

The  ball   valve  means  90  includes  an  upper  valve  support  96 

which  is  threadedly  connected  to  upper  adaptor  56  at  t h r e a d e d  

connection  98.  Radial ly   outwardly  extending  sp l ines   100  of  upper  

valve  support  96  are  engaged  with  r a d i a l l y   inwardly  e x t e n d i n g  

sp l ines   102  of  valve  sect ion  housing  58  to  prevent  r e l a t i v e   r o t a -  

tion  between  those  members.  An  0-r ing  seal  104  is  provided  be -  



tween  upper  adaptor  56  and  upper  valve  support  96.  

Ball  valve  means  90  also  includes  a  lower  valve  support  106, 

a  ball   108,  ball   valve  ac tua t ing   arms  110  (only  one  of  which  i s  

shown)  and  an  ac tua t ing   sleeve  112. 

Upper  and  lower  valve  seats   114  and  116  are  received  w i t h i n  

counterbores   118  and  120,  r e s p e c t i v e l y ,   of  upper  and  lower  va lve  

supports   96  and  106.  C-clamps  122  bias  the  upper  and  lower  va lve  

supports   96  and  106  toward  each  other  so  that   the  seats   114  and 

116  a re  he ld   in  close  engagement  with  the  ball   108. 

Referr ing  now to  FIG.  28,  a  ball   valve  ac tua t ing   mandrel  124 

has  i ts   upper  end  received  within  a c tua t i ng   sleeve  112.  An  upper  

end  c o l l a r   126  is  th readedly   connected  to  ball   valve  a c t u a t i n g  

mandrel  124  at  threaded  connect ion  128.  A  lower  end  co l l a r   130 

is  th readedly   connected  to  the  lower  end  of  ac tua t ing   sleeve  112 

at  threaded  connection  132  so  that   upper  end  co l l a r   126  i s  

trapped  between  lower  end  c o l l a r   130  and  a  downward  f a c i n g  

shoulder   134  of  ac tua t ing   sleeve  112. 

Thus,  when  ball   valve  a c tua t i ng   mandrel  124  is  moved  downward 

from  the  pos i t i on   i l l u s t r a t e d   in  FIG.  2B,  it  pul ls   a c t u a t i n g  

sleeve  112  and  ball   valve  a c tua t i ng   arms  110  downward  r e l a t i v e   t o  

housing  54  so  that  a  lug  136  of  each  ball   valve  ac tua t ing   arm  110 

which  is  received  within  a  e c c e n t r i c   hole  138 of  ball   108  c ause s  

the  ball   108  to  be  ro ta ted   through  an  angle  of  90°  so  that  i t s  

bore  94  is  al igned  with  the  c e n t r a l   bore  92  of  the  t e s t e r   va lve  

32A. 

Refer r ing   now  to  FIG.  2C,  a  power  p is ton  140  is  s l i dab ly   d i s -  



posed  in  power  housing  sec t ion   62.  Power  piston  140  has  a  f i r s t  

side  142  and  a  second  side  144.  A  double  0-r ing  s l id ing   s e a l  

means  146  is  provided  between  power  piston  140  and  power  hous ing  

sec t ion   62. 

The  ball   valve  ac tua t ing   mandrel  124  is  threadedly   connec ted  

to  power  p is ton  140  at  threaded  connection  148  and  O-ring  s e a l  

150  is  provided  t h e r e b e t w e e n .  

Ball  valve  ac tua t ing   mandrel  124  includes  a  p l u r a l i t y   o f  

r a d i a l l y   outward  extending  sp l ines   152  which  engage  r a d i a l l y  

inwardly  extending  sp l ines   154  of  f i r s t   middle  adaptor  60  to  p r e -  

vent  r e l a t i v e   r o t a t i o n   t h e r e b e t w e e n .  

An  in t e rmed ia te   por t ion   of  ball   valve  ac tua t ing   mandrel  124, 

seen  in  FIG.  2B,  is  c lose ly   received  within  a  bore  156  of  f i r s t  

middle  adaptor  60  and  a  double  0 - r i n g  s l i d i n g   seal  means  158  i s  

provided  t h e r e b e t w e e n .  

Disposed  in  the  t e s t e r   valve  apparatus  32A  is  a  f i r s t   p r e s -  

sure  conducting  passage  means  160  for  communicating  the  we l l  

annulus  42  (see  FIG.  1)  with  f i r s t   side  142  of  power  pis ton  140. 

F i r s t   p ressure   conducting  passage  means  160  includes  a  power  p o r t  

162,  and  thus  may  be  r e f e r r ed   to  as  power  passage  means  160. 

F i r s t   p ressure   conducting  passage  means  160  also  includes  an 

annular  cavi ty  164  defined  between  power  housing  sect ion  62  and 

the  combined  power  p is ton  140  and  bal l   valve  ac tua t ing   mandrel  

124. 

Also  disposed  in  t e s t e r   valve  32A  is  a  second  pressure   con- 

ducting  passage  means  166  for  communicating  the  well  annulus  42 



with  the  second  side  144  of  power  p is ton  140.  Second  p r e s s u r e  

conducting  passage  means  166  include  a  balancing  port  168  ( see  

FIG.  2E)  disposed  through  c a r t r i d g e   housing  sect ion  66,  and  a 

p l u r a l i t y   of  other  passages  communicating  balancing  port  168  wi th  

second  side  144  of  power  p is ton  140,  which  other  passages  a re  

f u r t h e r   descr ibed  below. 

Extending  downward  from  power  p is ton  140,  is  a  guide  mandrel  

means  170  which  has  i ts   lower  end  172  c lose ly   received  in  an 

upper  coun te rbore   174  of  second  middle  adaptor  64,  with  a  double  

0-r ing  s l i d ing   seal  means  176  being  provided  therebetween.   In 

the  embodiment  i l l u s t r a t e d   in  FIGS.  2C  and  2D,  the  power  p i s t o n  

140  and  the  guide  mandrel  means  170  are  i n t e g r a l l y   c o n s t r u c t e d ,  

although  they  need  not  be  so  c o n s t r u c t e d .  

Guide  mandrel  means  170  includes  an  enlarged  diameter  upper  

outer  c y l i n d r i c a l   surface   178  about  which  is  r o t a t ab ly   disposed  a 

r a t c h e t   sleeve  180. 

A  co l l a r   182  is  th readedly   connected  to  guide  mandrel  means 

170  at  threaded  connect ion  184  located  just   below  e n l a r g e d  

diameter   outer  surface  178.  Collar   182  holds  r a t che t   sleeve  180 

in  place.   Upper  and  lower  annular  bear ings  186  and  188  engage 

the  upper  and  lower  ends  of  r a t che t   sleeve  180  to  allow  the  same 

to  r o t a t e   about  guide  mandrel  170. 

Ratchet   sleeve  180  is  a  part   of  a  r e l e a s a b l e   holding  means 

190,  which  is  o p e r a t i v e l y   a s soc i a t ed   with  the  power  pis ton  140, 

for  s e l e c t i v e l y   p revent ing   the  power  p is ton  140  from  re tu rn ing   t o  

i ts   f i r s t   p o s i t i o n   i l l u s t r a t e d   in  FIG.  2C,  a f t e r   it  has  moved 



downward  to  a  second  pos i t ion   corresponding  to  the  open  p o s i t i o n  

of  ball  valve  means  90.  

The  r e l ea sab l e   holding  means  190  includes  a  J - s l o t   means  192 

disposed  in  the  outer  surface  of  r a tche t   sleeve  180,  and  a  lug 

means  194  connected  to  power  housing  sect ion  62. 

A  layed  out  view  of  J - s l o t   means  192,  viewed  looking  from  the  

outs ide  in  a  r a d i a l l y   inward  d i r e c t i o n ,   is  shown  in  FIG.  3.  

The  lug  means  194  includes  a  spher ica l   ball  lug  196  c l o s e l y  

received  in  a  rad ia l   bore  198  of  power  housing  sect ion  62  and 

held  in  place  the re in   by  a  threaded  r e t a i n e r   200. 

The  J - s l o t   means  192,  with  the  lug  means  194  r e c e i v e d  

the re in ,   provides  a  means  for  requ i r ing   that  in  order  to  r e t u r n  

the  power  pis ton  140  to  i ts  f i r s t   pos i t ion   i l l u s t r a t e d   in  FIG. 

2C,  from  a  second  lower  pos i t ion   corresponding  to  the  open  p o s i -  

tion  of  ball   valve  means  90,  the  power  piston  140  must  be  moved 

from  its  said  second  pos i t ion   to  a  p a r t i a l l y   returned  i n t e r -  

mediate  holding  p o s i t i o n ,   then  back  to  said  second  pos i t ion   and 

then  back  to  said  f i r s t   p o s i t i o n .  

This  opera t ion   is  more  c l ea r ly   understood  with  re fe rence   t o  

FIG.  3.  

In  FIG.  3,  the  ball   lug  196  is  i l l u s t r a t e d   in  solid  l ines   in  

pos i t ion   196A  corresponding  to  i ts  pos i t ion   shown  in  FIG.  2C, 

wherein  the  ball   lug  196  is  located  in  a  lower  most  ext remity   o f  

J - s l o t   means  192. 

When  power  piston  140,  the  a t tached  guide  mandrel  170,  and 

the  r a t che t   sleeve  180  move  l o n g i t u d i n a l l y   downward  r e l a t i v e   t o  



power  housing  sect ion  62  to  open  the  ball   valve  means  90,  t he  

ball   lug  196  f i r s t   moves  upward  through  a  f i r s t   leg  202  of  J - s l o t  

means  192  to  a  pos i t ion   196B  i l l u s t r a t e d   in  phantom  l i ne s .   The 

p o s i t i o n   196B  corresponds  to  the  second  pos i t i on   of  the  power 

p is ton  140  and  to  the  open  pos i t i on   of  the  ball  valve means  90. 

In  order  to  re turn   the  power  p is ton  140  to  its  f i r s t   p o s i t i o n  

i l l u s t r a t e d   in  FIG.  2C,  the  power  pis ton  140  must  be  moved  from 

its   second  p o s i t i o n ,   corresponding  to  pos i t i on   196B  of  bal l   lug 

196  shown  in  FIG.  3,  to  an  in te rmedia te   holding  pos i t i on   where in  

the  ball   lug  196  is  in  a  pos i t i on   i l l u s t r a t e d   in  phantom  l i n e s  

and  des igna ted   by  the  numeral  196C  in  FIG.  3.  To  reach  p o s i t i o n  

196C,  the  bal l   lug  196  moves  through  a  second  leg  204  of  J - s l o t  

means  192. 

Then  to  re turn   the  power  p is ton  140  to  i ts   f i r s t   p o s i t i o n ,   i t  

is  necessary  to  once  again  move  the  power  p is ton  140  downward 

r e l a t i v e   to  power  housing  sec t ion   62  so  that  the  ball   lug  196 

moves  through  a  third  leg  206  of  J - s l o t   means  192  to  a  p o s i t i o n  

i l l u s t r a t e d   in  phantom  l ines   in  FIG.  3  as  196D.  Then  the  power 

p i s ton   140  is  again  moved  upward  r e l a t i v e   to  power  housing  s e c -  

tion  62  so  that   the  ball   lug  196  moves  from  the  pos i t i on   196D 

downward  through  a  fourth  leg  208  of  J - s l o t   means  192  to  t h e  

f i r s t   p o s i t i o n   196A. 

C o n c e n t r i c a l l y   disposed  about  the  lower  por t ion   of  g u i d e  

mandrel  means  170  is  a  coil   compression  spring  210  which  has  i t s  

upper  end  212  engaging  a  lower  end  surface  214  of  co l l a r   182  and 

which  has  i ts   lower  end  216  engaging  an  upper  surface  218  o f  



second  middle  adaptor  64. 

Coil  compression  spring  210  may  also  be  r e fe r red   to  as  a 

r e s i l i e n t   b ias ing means   210  o p e r a t i v e l y   assoc ia ted   with  power 

pis ton  140,  for  biasing  power  pis ton  140  toward  i ts  f i r s t   p o s i -  

tion  i l l u s t r a t e d   in  FIG.  2C. 

An  annular  cavi ty  220  is  defined  between  guide  mandrel  means 

170  and  power  housing  sect ion  62,  and  forms  a  port ion  of  second 

pressure   conducting  passage  means  166. 

A  lower  inner  mandrel  222  has  i ts   upper  end  c lose ly   r e c e i v e d  

in  a  lower  counterbore   224  of  second  middle  adaptors  64.  Lower 

inner  mandrel  222  is  threadedly   connected  to  second  middle  

adaptor  64  at  threaded  connection  226  and  a  double  O-ring  s e a l  

means  228  is  provided  t h e r e b e t w e e n .  

A  lower  end  por t ion   of  lower  inner  mandre l   222  is  c l o s e l y  

received  within  a  bore  230  of  lower  adaptor  68  and  a  s l i d i n g  

O-ring  seal  232  is  provided  t h e r e b e t w e e n .  

An  annular  cavi ty  234  is  defined  between  lower  inner  mandre l  

222  and  c a r t r i d g e   housing  sec t ion   66  and  def ines   a  por t ion   o f  

second  pressure   conducting  passage  means  166. 

A  p l u r a l i t y   of  l o n g i t u d i n a l   bores  236  are  disposed  t h rough  

the  length  of  second  middle  adaptor  64  and  provide  f lu id   p r e s s u r e  

communication  between  annular  c a v i t i e s   220  and  234. 

S l id ing ly   and  s ea l i ng ly   disposed  within  a  lower  por t ion   o f  

annular  cavity  234,  and  above  balancing  port  168,  is  an  a n n u l a r  

f l oa t i ng   shoe  238.  Radial ly  inner  and  outer  s l id ing   O-ring  s e a l s  

240  and  242  seal  between  annular  f l oa t i ng   shoe  238  and  lower  



inner  mandrel  222  and  c a r t r i d g e   housing  sec t ion   66  r e s p e c t i v e l y .  

A  r e t a rd ing   means  244  is  disposed  in  the  annular  cavi ty  234 

of  second  pressure   conducting  passage  means  166  for  delaying  com- 

municat ion  of  a  s u f f i c i e n t   por t ion   of  an  increase   in  well  annu- 

lus  pressure   to  the  second  side  144  of  power  p is ton  140  for  a 

s u f f i c i e n t   time  to  allow  a  p ressure   d i f f e r e n t i a l   from  the  f i r s t  

side  142  to  the  second  side  144  of  power  p is ton  140  to  move  power 

p is ton  140  from  its  f i r s t   pos i t i on   i l l u s t r a t e d   in  FIG.  2C  to  a 

second  pos i t i on   corresponding  to  the  open  p o s i t i o n   of  ball   va lve  

means  90.  

This  r e t a rd ing   means  244  is  also  a  means  for  allowing  an 

a d d i t i o n a l   por t ion  of  the  increase   in  the  well  annulus  p r e s s u r e  

to  be  communicated  to  the  second  side  144  of  power  p is ton  144 

a f t e r   the  the  power  p is ton  144  is  moved  to  i ts   said  second  p o s i -  

t i o n .  

The  r e t a rd ing   means  244  p r e f e r a b l y   includes  an  a n n u l a r  

metering  c a r t r i d g e   246.'  The  metering  c a r t r i d g e   246  is  c l o s e l y  

received  about  an  enlarged  i n t e rmed ia t e   outer  c y l i n d r i c a l   s u r f a c e  

248  of  lower  inner  mandrel  222  and  held  in  place  thereon  by  a 

threaded  c o l l a r   250  which  engages  the  lower  end  of  c a r t r i d g e   246 

and  holds  it  t i g h t l y   aga ins t   a  r a d i a l l y   outward  extending  ledge  

252  of  lower  inner  mandrel  222.  Annular  O-ring  seals   254  and 

256  are  provided  between  c a r t r i d g e   246  and  lower  inner  mandrel  

222  and  c a r t r i d g e   housing  sec t ion   66,  r e s p e c t i v e l y .  

Metering  c a r t r i d g e   246  includes  one  or  more  l o n g i t u d i n a l  

bores  258  extending  through  the  length  t he reo f ,   which  form  a  p o r -  



tion  of  second  pressure   conducting  passage  means  166. 

Each  of  those  l o n g i t u d i n a l   bores  258  includes  an  e n l a r g e d  

diameter  por t ion   260  in  which  is  received  a  f luid  r e s i s t o r   262 

which  includes  a  f luid  flow  r e s t r i c t i n g   o r i f i c e .  

Disposed  in  an  upper  por t ion  of  annular  cavity  234  is  a 

pressure   r e l i e f   c a r t r i d g e   264  which  is  c losely  received  about  an 

upper  outer  c y l i n d r i c a l   surface  266  of  lower  inner  mandrel  222. 

Pressure  r e l i e f   c a r t r i d g e   264  is  held  in  place  between  a  lower  

end  268  of  second  middle  adaptor  64  and  a  l o n g i t u d i n a l l y   upward 

facing  surface  270  of  lower  inner  mandrel  222. 

A  pressure   r e l i e f   means  272  is  disposed  in  pressure  r e l i e f  

c a r t r i d g e   264.  Pressure  r e l i e f   means  272  is  communicated  with  a 

f i r s t   por t ion   of  the  second  pressure   conducting  passage  means 

166.  The  f i r s t   por t ion   of  second  pressure   conducting  passage  

means  166  is  defined  as  that  por t ion  between  the  second  side  144 

of  power  piston  140  and  the  r e t a rd ing   means  244,  and  it  i n c l u d e s  

annular  cavi ty  220,  the  l o n g i t u d i n a l   bores  236  of  second  middle  

adaptor  64,  c a r t r i d g e   passageways  274  and  310  through  p r e s s u r e  

r e l i e f   c a r t r i d g e   264,  the  upper  part  of  annular  cavity  234  above 

metering  c a r t r i d g e   246,  and  c a r t r i d g e   passageway  258  above  f l u i d  

r e s t r i c t o r   262.  This  f i r s t   por t ion   of  second  pressure   conduc t ing  

passage  means  266  may  also  be  r e fe r red   to  a s   low  pressure  zone 

communicated  with  second  side  144  of  power  piston  140. 

The  pressure   r e l i e f   means  272  provides  a  means  for  r e l i e v i n g  

from  said  f i r s t   por t ion   of  said  second  pressure   conduc t ing  

passage  means  166,  a  volume  of  f luid  s u f f i c i e n t   to  permit  the  



power  pis ton  140  to  t r ave l   to  i ts   second  p o s i t i o n .  

The  f i r s t   por t ion   of  said  second  pressure   conducting  pas sage  

means  166  is  f i l l e d   with  a  f i r s t   f lu id   that   is  s u f f i c i e n t l y  

incompress ib le   such  that  the  power  p is ton  140  would  be  h y d r a u l i -  

cal ly   blocked  from  t r a v e l i n g   to  i ts  said  second  pos i t ion   u n l e s s  

said  volume  of  said  f i r s t   f lu id   were  r e l i eved   from  said  f i r s t  

por t ion   of  said  second  p ressure   conducting  passage  means  166  by 

said  pressure   r e l i e f   means  272. 

In  the  d i sc losed   embodiment  of  the  present   invent ion ,   t he  

f i r s t   f luid  is  p r e f e r a b l y   s i l i c o n e   o i l .   While  it  is  r e cogn ized  

that   s i l i c o n e   oil  has  some  c o m p r e s s i b i l i t y ,   the  volume  of  s i l i -  

cone  oil  contained  in  the  f i r s t   por t ion   of  second  pressure   con- 

ducting  passage  means  166  is  not  great   enough  to  allow  the  power 

p is ton  140  to  t rave l   to  i ts  second  p o s i t i o n   with  the  d i f f e r e n t i a l  

pressure   contemplated  by  the  p resen t   i n v e n t i o n .  

S i l i cone   oil  is  used  in  the  d i sc losed   embodiment  of  the  p r e -  

sent  invent ion  in  order  to  provide  a  s u f f i c i e n t   c o m p r e s s i b i l i t y  

of  the  oil  in  the  annular   cav i ty .234   below  the  pressure   r e l i e f  

means  272  to  allow  the  p ressure   r e l i e f   means  272  to  opera te ,   as 

is  f u r the r   explained  below.  

The  pressure   r e l i e f   means  272,  in  the  embodiment  i l l u s t r a t e d  

in  FIG.  2D,  includes  a  l o n g i t u d i n a l   bore  or  c a r t r i d g e   passageway 

274  disposed  in  the  c a r t r i d g e   264.  The  c a r t r i d g e   264  may  also  be 

r e f e r r ed   to  as  a  r e l i e f   housing  264  for  purposes  of  the  d e s c r i p -  

tion  of  pressure   r e l i e f   means  272. 

A  r e l i e f   port  276  is  disposed  through  the  c a r t r i d g e   or  r e l i e f  



housing  264  and  communicates  the  f i r s t   por t ion  of  the  second 

pressure   conducting  passage  means  166  with  a  f luid  dump  zone 

which  is  defined  by  the  cen t r a l   bore  92  of  t e s t e r   valve  32A.  The 

r e l i e f   port  276  is  a c tua l l y   communicated  with  a  radia l   dump  p a s -  

sage  278  of  lower  inner  mandrel  222  which  communicates  c e n t r a l  

bore  92  of  lower  inner  mandrel  222  with  the  r e l i e f   port  276. 

Lower  innner  mandrel  222  has  an  outer  c i r c u m f e r e n t i a l   groove  277 

disposed  the re in   which  communicates  with  dump  passage  278. 

Car t r idge   264  includes  upper  and  lower  inner  O-ring  seals   279 

and  281,  r e s p e c t i v e l y ,   which  seal  above  and  below  the  r a d i a l l y  

outer  c i r c u m f e r e n t i a l   groove  277,  of  lower  inner  mandrel  222.  An 

O-ring  seal  275  is  disposed  between  the  r a d i a l l y   outer  surface   o f  

p r e s s u r e  r e l i e f   c a r t r i d g e   264  and  an  inner  c y l i n d r i c a l   surface  o f  

c a r t r i d g e   housing  sec t ion   66.  

A  pressure   r e l i e f   p is ton  means  280  is  s l i dab ly   disposed  in  

l o n g i t u d i n a l   bore  274  of  pressure   r e l i e f   c a r t r i d g e   or  r e l i e f  

housing  264.  Pressure   r e l i e f   p is ton  means  280  is  movable  between 

a  f i r s t   pos i t i on   i l l u s t r a t e d   in  FIG.  2D  wherein  r e l i e f   port  276 

is  closed  and  a  second  p o s i t i o n ,   d i sp laced   l o n g i t u d i n a l l y   down- 

ward  from  the  pos i t i on   i l l u s t r a t e d   in  FIG.  2D,  wherein  r e l i e f  

port  276  is  open.  

The  pressure   r e l i e f   p i s ton   means  280  divides   the  f i r s t   p o r -  

tion  of  the  second  pressure   conducting  passage  means  166,  which 

f i r s t   por t ion   is  defined  as  being  that  por t ion   between  the  second 

side  144  of  power  p is ton  140  and  the  r e t a rd ing   means  244,  into  a 

f i r s t   part  between  the  power  p is ton  140  and  the  r e l i e f   p i s t o n  



means  280,  and  the  second  part   between  the  r e l i e f   piston  means 

280  and  the  r e t a r d i n g   means  244. 

A  r e s i l i e n t   r e l i e f   p is ton  b ias ing  means  282,  which  is  con- 

s t r uc t ed   from  a  stack  of  B e l l e v i l l e   spr ings ,   provides  a  means  f o r  

b ias ing  the  r e l i e f   p is ton  280  toward  its  said  f i r s t   p o s i t i o n .  

The  b ias ing  means  282  is  cons t ruc ted   to  allow  the  pressure  r e l i e f  

p is ton   280  to  open  at  a  d i f f e r e n t i a l   pressure   of  about  50-100  p s i .  

Pressure   r e l i e f   p i s ton   means  280  includes  an  upper  c y l i n d r i -  

cal  por t ion   284,  a  middle  r a d i a l l y   outward  extending  a n n u l a r  

shoulder   286,  and  a  lower  reduced  diameter  c y l i n d r i c a l   p o r t i o n  

288.  

As  p rev ious ly   mentioned,  the  upper  por t ion   284  of  p r e s s u r e  

r e l i e f   p is ton  means  280  is  s l i d a b l y   received  within  l o n g i t u d i n a l  

bore  274.  F i r s t   and  second  O-ring  seals   290  and  292  are  d i s p o s e d  

on  upper  c y l i n d r i c a l   por t ion   284  and  seal  above  and  below  r e l i e f  

port  276  when  p ressure   r e l i e f   p is ton  means  280  is  in  its  f i r s t  

p o s i t i o n   as  i l l u s t r a t e d   in  FIG.  2D  c losing  pressure  r e l i e f   p o r t  

276.  

The  shoulder   286  of  p ressure   r e l i e f   pis ton  means  280  i s  

c lose ly   received  within  a  c o u n t e r b o r e  p o r t i o n   294  of  l o n g i t u d i -  

nal  bore  274.  The  lower  end  of  reduced  diameter  c y l i n d r i c a l   p o r -  

tion  288  of  p ressure   r e l i e f   p i s ton   means  280  is  c losely  r e c e i v e d  

within  a  bore  296  of  a  threaded  spring  adjustment  nut  298  and  a 

s l i d i n g   O-ring  seal  300  is  provided  t h e r e b e t w e e n .  

An  o-r ing  seal  302  is  provided  between  threaded  s p r i n g  

adjus tment   nut  298  and  the  counterbore   294. 



A  reduced  diameter  l o n g i t u d i n a l   bore  port ion  304  is  d i s p o s e d  

through  the  lower  end  of  threaded  spring  adjustment  nut  298  and 

communicates  with  a  hex  socket  opening  306  which  in  turn  com- 

municates  with  the  annular  cavity  234. 

Also  disposed  in  pressure   r e l i e f   ca r t r idge   264  is  a  r u n - i n  

balance  means  308  for  allowing  well  annulus  pressure  to  s u f f i -  

c i en t ly   balance  across  power  p is ton  140  as  the  t e s t e r   valve  32A 

is  run  into  the  well  defined  by  casing  16,  so  that  a  p r e s s u r e  

d i f f e r e n t i a l   from  the  f i r s t   side  142  to  the  second  side  144  o f  

the  power  pis ton  140  is  never  s u f f i c i e n t   to  overcome  the  r e s i -  

l i en t   biasing  means  210  and  prematurely  move  the  power  pis ton  140 

to  i ts  second  pos i t i on   as  the  t e s t e r   valve  32A  is  being  run  i n t o  

the  w e l l .  

The  pressure   r e l i e f   c a r t r i d g e   264  has  a  second  c a r t r i d g e  

passageway  310,  which  may be  r e fe r red   to  as  a  by-pass  p o r t i o n  

310,  of  second  pressure   conducting  passage  means  166  d i s p o s e d  

the re th rough .   The  by-pass  por t ion   310  includes  l o n g i t u d i n a l   bore  

312  and  a  lower  counterbore   314  disposed  through  the  length  o f  

pressure   r e l i e f   c a r t r i d g e   264. 

A  one  way  check  valve  means  316-is  disposed  in  c o u n t e r b o r e  

314  of  by-pass  por t ion   310  of  second  pressure  conducting  pa s sage  

means  166  for  allowing  f luid  flow  and  thus  allowing  p r e s s u r e  

t r ansmiss ion   in  a  f i r s t   upward  d i r e c t i o n   from  the  well  annu lus  

42  through  the  by-pass  por t ion  310  of  the  second  pressure   con-  

ducting  passage  means  166,  then  through  the  passages  236  and  220 

to  the  second  side  144  of  power  pis ton  140.  Check  valve  means 



316  prevents   f lu id   flow  in  a  downward  reverse  d i r e c t i o n   o p p o s i t e  

of  said  f i r s t   d i r e c t i o n .  

Operat ion  of  the  Embodiment  of  FIGS.  2A-2E  and  FIG.  3 

The  opera t ion   of  the  embodiment  i l l u s t r a t e d   in  FIGS.  2A-2E 

and  FIG.  3  is  as  f o l l o w s :  

The  t e s t e r   valve  32A  is  i n i t i a l l y   in  the  pos i t i on   as  i l l u s -  

t r a t ed   in  FIGS.  2A-2E  with  the  power  p is ton  140  in  i ts  upwardmost 

p o s i t i o n   r e l a t i v e   to  the  power  housing  sec t ion   62  as  i l l u s t r a t e d  

in  FIG.  2C,  which  f i r s t   p o s i t i o n   corresponds  to  the  closed  p o s i -  

tion  of  the  ball   valve  means  90  i l l u s t r a t e d   in  FIG.  2A. 

The  t e s t e r   valve  32A  is  made  up  in  the  t e s t i ng   s t r ing   28  in  

the  p o s i t i o n   i l l u s t r a t e d   by  the  numeral  32  in  FIG.  1,  and  is  run 

down  into  the  well  defined  by  the  well  casing  16.  Throughout  

this   opera t ion   the  coil   compression  spring  210  biases  the  power 

p is ton   140  upward  toward  i ts   f i r s t   pos i t i on   i l l u s t r a t e d   in  FIG. 

2C. 

As  the  t e s t e r   valve  32A  is  run  down  into  the  well,   the  hydro-  

s t a t i c   p ressure   of  the  d r i l l i n g   mud  and  other  f luid  within  t h e  

well  c o n t i n u a l l y   inc reases   as  the  t e s t e r   valve  32  moves  to  lower  

and  lower  depths  within  the  well.   These  increases   in  well  annu-  

lus  h y d r o s t a t i c   p ressure   are  s u f f i c i e n t l y   balanced  across  t he  

power  p is ton  140  as  the  t e s t e r   valve  32A  is  run  into  the  well  so 

that   a  p ressure   d i f f e r e n t i a l   from  the  f i r s t   side  142  to  t he  

second  side  144  of  power  p i s ton   140  is  never  s u f f i c i e n t   to  o v e r -  

come  the  b ias ing  means  210  and  premature ly   move  the  power  p i s t o n  



140  to  i ts  second  pos i t ion   as  the  t e s t e r   valve  32  is  being  run 

into  the  w e l l .  

This  balancing  is  accomplished  by  means  of  the  run-in  b a l a n c e  

means  308  which  includes  the  one-way  check  valve  316.  Thus,  as 

the  t e s t e r   valve  32A  is  being  run  into  the  well,  well  annu lu s  

pressure   is  communicated  to  the  second  side  144  of  power  p i s t o n  

140  through  balancing  port  168,  then  through  annular  cavi ty  234 

by  t r a n s m i t t i n g   the  same  across  f l oa t i ng   shoe  238,  then  th rough  

f luid  r e s i s t o r   262  and  l o n g i t u d i n a l   bore  258  of  metering  c a r -  

t r idge  246,  then  through  annular  cavity  234,  then  through  check 

valve  318  and  bypass  por t ion   310  disposed  in  pressure   r e l i e f   c a r -  

t r idge   264,  then  through  l o n g i t u d i n a l   bores  236  of  second  middle  

adaptor  64,  then  through  annular  cavi ty  220  which  is  d i r e c t l y  

communicated  with  the  lower  second  side  144  of  power  p is ton   140. 

With  re ference   to  FIG.  2C,  it  is  noted  that  the  r a t c h e t  

sleeve  180  is  somewhat  loosely  received  between  guide  mandrel  170 

and  power  housing  sec t ion   62  and  there  are  no  seals  p rov ided  

therebetween  so  that  f luid  pressure   within  the  lower  por t ion   of  

annular  cavity  220  located  below  r a t che t   sleeve  180  is  communi- 

cated  to  that  por t ion   of  annular  cavity  220  located  above  lug  

196. 

For  this  balancing  of  pressure   across  power  p is ton  140  to  be 

accomplished  as  the  t e s t e r   valve  32A  is  run  into  the  well,   t h e  

speed  of  run-in  must  be  such  that   the  increase   in  f luid  p r e s s u r e  

can  be  t r ansmi t t ed   through  the  f lu id   r e s i s t o r   262  of  m e t e r i n g  

c a r t r i d g e   246  quickly  enough  to  prevent  the  downward  p r e s s u r e  



d i f f e r e n t i a l   across  power  pis ton  140  from  becoming  great   enough 

to  overcome  spring  210. 

After  the  t e s t e r   valve  32  reaches  the  pos i t ion   i l l u s t r a t e d   in 

FIG.  1,  the  packer  means  44  is  set  within  the  well  casing  16  t o  

separa te   the  well  annulus  42  into  an  upper  por t ion   located  above 

the  packer  means  44  and  the  lower  por t ion   48  located  below  t h e  

packer  means  44.  It  is  noted  that  the  power  port  162  and  t he  

balancing  port  168  of  the  f i r s t   and  second  conducting  pa s sage  

means  160  and  166,  r e s p e c t i v e l y ,   are  both  communicated  with  the  

upper  por t ion   of  the  well  annulus  42  located  above  the  p a c k e r  

means  44,  and  that  the  cen t r a l   bore  92  which  def ines   the  f low 

passage  92  of  the  t e s t e r   valve  32A  is  communicated  with  the  lower  

por t ion   48  of  the  well  annulus  42. 

After   the  packer  means  44  has  been  set  within  the  well  c a s i n g  

16,  an  increase   in  annulus  f luid  pressure   is  applied  to  t he  

upper  por t ion   of  the  well  annulus  42  above  the  packer  means  44.  

This  increase   in  annulus  pressure   is  s u f f i c i e n t l y   great   t h a t  

if  a  p ressure   d i f f e r e n t i a l   of  that  same  value  is  placed  a c r o s s  

power  p is ton  140  in  a  downward  d i r e c t i o n ,   it  is  s u f f i c i e n t   t o  

overcome  the  b ias ing  force  of  coil   compression  spring  210. 

This  increase   in  annulus  pressure   is  communicated  to  the  

f i r s t   side  142  of  power  p is ton  140  through  the  f i r s t   p r e s s u r e  

conducting  passage  160.  That  communication,  of  course,   o c c u r s  

s u b s t a n t i a l l y   i n s t a n t a n e o u s l y   as  the  increase   in  annulus  p r e s s u r e  

is  applied  to  the  well  annulus  42. 

The  increase   in  annulus  f luid  pressure   does  not  immedia te ly  



reach  the  second  side  144  of  power  piston  140,  however. 

The  f luid  r e s t r i c t o r   260  in  metering  ca r t r i dge   246  d e l a y s  

communication  of  a  s u f f i c i e n t   por t ion  of  the  increase  in  annu lus  

f luid  pressure   to  the  second  side  144  of  power  pis ton  140  a  s u f -  

f i c i e n t   time  to  allow  a  pressure   d i f f e r e n t i a l   from  the  f i r s t   s i d e  

142  to  the  second  side  144  of  power  piston  140  to  move  the  power 

pis ton  140  to  its  second  pos i t ion   corresponding  to  the  p o s i t i o n  

196B  of  ball   lug  196  i l l u s t r a t e d   in  FIG.  3  and  corresponding  to  

an  open  pos i t i on   of  ball   valve  means  90  wherein  the  bore  94  o f  

ball  108  is  al igned  with  and  communicated  with  the  cen t ra l   bore  

92  of  the  t e s t e r   valve  32A. 

When  this   downward  pressure   d i f f e r e n t i a l   is  f i r s t   a p p l i e d  

across  power  p is ton  140,  the  power  pis ton  140  cannot  immedia te ly  

move  to  i ts  second  p o s i t i o n ,   because  the  f i r s t   port ion  of  t he  

second  pressure   conducting  passage  means  166  between  the  second 

side  144  of  power  p is ton  140  and  the  r e ta rd ing   means  244,  i s  

f i l l e d   with  a  r e l a t i v e l y   incompress ib le   f l u i d .  

When  this   p ressure   d i f f e r e n t i a l   is  f i r s t   applied  across  power 

pis ton  140  it  also  c rea tes   a  s imi la r   downward  pressure   d i f f e r e n -  

t i a l   across  p ressure   r e l i e f   p is ton  means  280. 

Since  the  volume  of  f luid  d isplaced  by  the  pressure   r e l i e f  

p is ton  means  280  in  moving  from  i ts   closed  pos i t ion   to  i ts  open 

pos i t i on   is  r e l a t i v e l y   small,  the  s i l i cone   oil  contained  in  t he  

annular  cavi ty   234  has  s u f f i c i e n t   c o m p r e s s i b i l i t y   to  allow  t h e  

pressure   r e l i e f   p is ton  means  280  to  overcome  the  biasing  force  o f  

the  B e l l e v i l l e   spr ings  282  and  move  to  its  open  p o s i t i o n .  



Once  the  pressure   r e l i e f   p is ton  means  280  is  moved  to  i t s  

open  p o s i t i o n ,   the  f luid  located  thereabove  is  re l ieved   from  the  

second  pressure   conducting  passage  means  166,  as  the  power  p i s t o n  

140  moves  from  its  f i r s t   pos i t i on   t o  i t s   second  p o s i t i o n .   A 

volume  of  f luid  s u f f i c i e n t   to  permit  the  power  to  t rave l   to  i t s  

second  pos i t i on   flows  from  the  second  pressure   conducting  pa s sage  

means  166  above  pressure   r e l i e f   p is ton  means  280  through  t he  

pressure   r e l i e f   port  276,  through  groove  277  and  through  dump 

passage  278  into  the  dump  zone  or  cen t r a l   bore  92  of  t e s t e r   v a l v e  

32A. 

After  the  power  p is ton  140  is  moved  to  i ts   second  p o s i t i o n  

corresponding  to  the  pos i t i on   196B  of  lug  196  i l l u s t r a t e d   in 

FIG.  3  in  phantom  l ines ,   an  a d d i t i o n a l   por t ion   of  the  increase   in 

annulus  f luid  pressure   which  was  applied  to  the  well  annulus  42 

is  communicated  to  the  second  side  144  of  power  pis ton  140.  Th is  

a d d i t i o n a l   communication  occurs  by  means  of  the  f luid  r e s t r i c t o r  

262  of  r e t a r d i n g   means  244  which  acts  as  a  time  delay  and  a l lows  

the  en t i r e   increase   in  well  annulus  pressure   to  slowly  be  t r a n s -  

mitted  to  the  second  side  144  of  power  p is ton  140.  Thus  a f t e r  

the  increase   in  pressure   in  the  annulus  f lu id   in  the  well  annu lus  

42  has  been  maintained  for  severa l   minutes,   s u b s t a n t i a l l y   the  

e n t i r e   increase   has  been  communicated  to  the  second  side  144  o f  

power  p is ton  140.  The  time  delay  created  by  the  f luid  r e s t r i c t o r  

262  of  r e t a rd ing   means  244  is  approximately   two  to  three  m i n u t e s .  

As  this   en t i r e   increase   in  well  annulus  pressure   is  s l owly  

communicated  to  the  second  side  144  of  power  p is ton  140,  a  p o i n t  



is  reached  where  the  downward  pressure  d i f f e r e n t i a l   across  power 

pis ton  140  is  no  longer  s u f f i c i e n t   to  overcome  coil  compress ion  

spring  210,  and  at  that  point  coil  compression  spring  210  moves 

the  power  p is ton  140  a  short  d is tance   upward  to  an  i n t e r m e d i a t e  

pos i t ion   wherein  the  lug  196  is  in  the  pos i t ion   196C  shown  in  

phantom  l ines   in  Fig.  3.  This  in te rmedia te   pos i t i on   196C  s t i l l  

corresponds  to  the  open  pos i t ion   of  the  ball  valve  means  90.  

During  this   upward  movement  of  power  pis ton  140  a  small  volume  of  

s i l i c o n e   oil  flows  upward  through  check  valve  316  so  as  to  a l l ow  

the  power  pis ton  140  to  move  upward  and  to  replace  a  part  of  t h e  

f lu id   which  was  dumped  into  dump  zone  92  during  the  i n i t i a l   down- 

ward  movement  of  power  piston  140. 

When  the  lug  196  is  in  pos i t ion   196C,  the  r e l e a s a b l e   h o l d i n g  

means  190  r e l e a s a b l y   prevents   the  power  piston  140  from  r e t u r n i n g  

to  i ts  f i r s t   p o s i t i o n .  

To  rec lose   the  ball   valve  means  90  the  following  steps  must 

be  t a k e n .  

The  annulus  f luid  pressure   in  well  annulus  42  is  decreased  t o  

e s s e n t i a l l y   h y d r o s t a t i c   pressure   and  allowed  to  equal ize   a c r o s s  

the  power  p is ton  140  when  the  power  pis ton  140  is  s i t t i n g   in  t he  

pos i t i on   corresponding  to  pos i t ion   196C  of  the  lug  196. 

An  increase   in  annulus  pressure   is  applied  for  a  second  t ime 

to  the  annulus  f luid  in  the  upper  por t ion   of  well  annulus  42 .  

This  again  moves  power  pis ton  140  downward  to  its  downwardmost 

p o s i t i o n ,   and  again  f luid  is  re l ieved  into  the  dump  zone  92  by 

means  of  pressure   r e l i e f   means  280.  This  second  increase   in  



annulus  p ressure   causes  the  lug  196  to  move  through  the  third  l eg  

206  of  J - s l o t   means  192  to  the  pos i t ion   shown  in  phantom  l ines   as  

196D  in  FIG.  3.  The  pos i t i on   196D  in  may  be  r e fe r red   to  as  a 

re leased   p o s i t i o n .  

Then  a  decrease  in  annulus  f lu id   pressure   is  applied  to  t he  

annulus  f lu id   in  the  upper  por t ion   of  the  well  annulus  42  above 

the  packer  means  44.  This  decrease  in  annulus  f lu id   pressure   i s  

s u b s t a n t i a l l y   immediately  communicated  to  the  f i r s t   side  142  o f  

power  p is ton   142  and  the  r e s i l i e n t   biasing  means  210  then  q u i c k l y  

r e tu rns   the  power  p is ton  140  to  i ts  f i r s t   pos i t i on   c o r r e s p o n d i n g  

to  the  p o s i t i o n   196A  of  lug  196  i l l u s t r a t e d   in  FIG.  3. 

This  also  moves  the  ball   valve  means  90  to  i ts   closed  p o s i -  

tion  c los ing  the  flow  passage  or  cen t ra l   bore  92  of  the  t e s t e r  

valve  32.  

As  the  p is ton   140  r e tu rns   to  i ts  f i r s t   pos i t ion   f lu id   is  by- 

passed  from  the  annular   cavi ty   234  upwards  through  check  va lve  

means  316  and  the  bypass  por t ion   310  of  second  pressure   con- 

duct ing  passage  means  166  to  replace  the  f luid  which  was  d i s -  

placed  when  the  power  p is ton  moved  downward. 

Thus  it  is  seen  that   each  time  that   the  ball   valve  means  90 

is  opened  and  closed  f lu id   is  lost   from  the  second  pressure   con-  

duct ing  passage  means  166  to  the  dump  zone  92. 

The  f lu id   los t   from  below  the  power  p is ton  140  and  above  t h e  

p ressure   r e l i e f   p i s ton   means  280  is  replaced  by  f lu id   from  the  

annular   cavi ty   234  below  the  pressure   r e l i e f   p is ton  means  280. 

As  f lu id   flows  upward  from  the  annular  cavity  234  through  bypass  



port ion  310,  the  annular  f l o a t i n g   shoe  238  (see  Fig.  2E)  moves 

upward  to  compensate  for  that  f luid  l o s s .  

The  number  of  times  which  the  t e s t e r   valve  32A  can  be  cyc led  

between  the  opened  and  closed  pos i t i ons   of  the  ball  valve  means 

90  is  dependent  upon  the  volume  of  f luid  located  in  the  a n n u l a r  

cavi ty  234  above  the  annular  f l o a t i n g   shoe  238,  which  can  be  d i s -  

placed  by  the  annular  f l oa t i ng   shoe  238.  When  the  annular  f l o a t -  

ing  shoe  238  reaches  an  upwardmost  pos i t i on   engaging  t h r e a d e d  

co l l a r   250  seen  in  Fig.  2E,  the  t e s t e r   valve  32A  can  no  longer  be 

u t i l i z e d   without  r e f i l l i n g   annular  cavity  234.  In  a  p r e f e r r e d  

embodiment  of  the  appara tus ,   the  dimensions  are  such  that  the  

t e s t e r   valve  32A  can  be  moved  between  the  opened  and  closed  p o s i -  

t ions  of  ba l l   valve  means  90  approximately   17  times  w i t h o u t  

r e f i l l i n g   the  annular  cavity  234. 

The  Embodiments  of  FIGS.  4A-4E 

An  e l eva t ion   half  sect ion  view  of  a  second  embodiment  of  the  

present   invent ion  is  shown  in  FIGS.  4A-4E  and  g e n e r a l l y  

des ignated  by  the  numeral  32B. 

Those  por t ions   of  t e s t e r   valve  32B  of  FIGS.  4A-4E  from  t h e  

upper  adaptor  56  down  to  approximately  the  level  of  power  p i s t o n  

140  are  s u b s t a n t i a l l y   i d e n t i c a l   to  the  analogous  por t ions   of  the  

t e s t e r   valve  32A  of  FIGS.  2A-2E.  I d e n t i c a l   or  s u b s t a n t i a l l y  

s imi la r   par ts   of  the  t e s t e r   valves  32A  and  32B  are  d e s i g n a t e d  

with  i d e n t i c a l   numerals,  and  the  d e t a i l e d   d e s c r i p t i o n   of  t hose  

upper  por t ions   of  t e s t e r   valve  32A  are  app l i cab le   to  the  t e s t e r  



valve  32B  and  will   not  be  r e p e a t e d .  

Some  por t ions   of  the  housing  54  of  t e s t e r   valve  32B  are  modi- 

fied  as  compared  to  t e s t e r   valve  32A.  Thus,  housing  54  i n c l u d e s  

upper  adaptor  56,  valve  housing  sect ion  58,  and  f i r s t   midd le  

adaptor   60.  Valve  housing  54  of  valve  t e s t e r   32B  also  includes  a 

power  housing  sec t ion   400,  a  second  middle  adaptor  402,  a 

metering  c a r t r i d g e   housing  sec t ion   404,  and  a  lower  adaptor  406.  

The  upper  end  of  power  housing  sect ion  400  is  t h r e a d e d l y  

connected  to  f i r s t   middle  adaptor  60  at  threaded  connect ion  408.  

Second  middle  adaptor  402  is  threadedly   connected  to  t he  

lower  end  of  power  housing  sec t ion   400  at  threaded  connect ion  410 

and  a  seal  is  provided  therebetween  by  O-ring  seal  412. 

Metering  c a r t r i d g e   housing  sec t ion   404  is  th readedly   con- 

nected  to  second  middle  adaptor  402  at  threaded  connect ion  414 

and  an  O-ring  seal  is  provided  therebetween  by  0-r ing  416. 

Lower  adaptor  406  is  threadedly   connected  to  m e t e r i n g  

c a r t r i d g e   housing  sec t ion   404  at  threaded  connection  418. 

The  f i r s t   pressure   conducting  passage  means  160  shown  in  FIG. 

4C  is  s u b s t a n t i a l l y   the  same  as  f i r s t   pressure   conducting  p a s s a g e  

means  160  of  t e s t e r   valve  32A  shown  in  FIG.  2C. 

A  second  pressure   conducting  passage  means  420  communicates  a 

balancing  port  422  (see  FIG.  4E)  with  second  side  144  of  power 

p i s ton   140. 

Extending  downward  from  power  pis ton  140  is  a  guide  mandre l  

means  424  which  has  i ts   lower  end  c losely   and  s l i dab ly   r e c e i v e d  

within  an  upper  counterbore   426  of  f i r s t   middle  adaptor  402.  A 



s l id ing   seal  is  provided  therebetween  by  0-ring  428. 

A  r e s i l i e n t   biasing  means  430,  is  ope ra t i ve ly   a ssoc ia ted   wi th  

power   p is ton  140,  for  b ias ing  the  power  pis ton  140  upward  towards  

i ts   f i r s t   pos i t i on   i l l u s t r a t e d   in.FIG.  4C.  The  r e s i l i e n t   b i a s i n g  

means  430  in  the  embodiment  i l l u s t r a t e d   is  a  coil   compress ion 

spring  430  having  an  upper  end  432  engaging  the  second  side  144 

of  power  p is ton  140  and  having  its  lower  end  434  engaging  an 

upward  facing  r a d i a l l y   inward  extending  shoulder  436  of  power 

housing  sec t ion   400. 

A  pressure   r e l i e f   c a r t r i d g e   438  is  c o n c e n t r i c a l l y   d i sposed  

outs ide   of  guide  mandrel  424  and  inside  of  power  housing  s e c t i o n  

400,  and  is  held  l o n g i t u d i n a l l y   in  place  r e l a t i v e   to  power 

housing  sec t ion   400  between  a  downward  facing  r a d i a l l y   inward 

extending  annular  shoulder   440  of  power  housing  sect ion  400  and 

an  upper  end  442  of  second  middle  adaptor  402. 

Refer r ing   now  to  FIG.  4D,  a  metering  c a r t r i d g e   r e t a r d i n g  

means  444  is  located  in  an  annular  cavi ty  446  defined  between  a 

lower  inner  mandrel  448  and  metering  c a r t r i d g e   housing  s e c t i o n  

404.  Metering  c a r t r i d g e   444  is  held  l o n g i t u d i n a l l y   in  p l a c e  

between  a  r a d i a l l y   outward  extending  ledge  450  of  lower  i n n e r  

mandrel  448  and  a  lower  end  452  of  second  middle  adaptor  402. 

Although  the  metering  c a r t r i d g e   444  is  i l l u s t r a t e d   somewhat 

d i f f e r e n t l y   from  the  metering  c a r t r i d g e   246  of  t e s t e r   valve  32A 

i l l u s t r a t e d   in  FIGS.  2D  and  2E,  it  funct ions   in  s u b s t a n t i a l l y   t he  

same  way.  A  flow  r e s t r i c t o r   454  is  located  there in   and  i n c l u d e s  

a  reduced  diameter  flow  passage  456  shown  in  cross  s e c t i o n  



t he r e in .   Inner  and  outer  O-ring  seals   458  and  460  seal  between 

metering  c a r t r i d g e   444  and  lower  inner  mandrel  448  and  m e t e r i n g  

c a r t r i d g e   housing  sec t ion   404,  r e s p e c t i v e l y .   The  metering  c a r -  

t r idge   444  may  gene ra l ly   be  descr ibed   as  a  r e t a rd ing   means  444 

disposed  in  the  second  pressure   conducting  passage  means  420  f o r  

delaying  communication  of  a  s u f f i c i e n t   por t ion   of  an  increase   in 

the  well  annulus  f lu id   p ressure   to  the  second  side  144  of  power 

p is ton  140  for  a  s u f f i c i e n t   time  to  allow  a  pressure   d i f f e r e n t i a l  

from  the  f i r s t   side  142  to  the  second  side  144  of  power  p i s t o n  

140  to  move  power  p is ton   140  from  a  f i r s t   p o s i t i o n   to  a  second 

p o s i t i o n   r e l a t i v e   to  the  housing  54.  

The  second  p ressure   conducting  passage  means  420  of  the  

t e s t e r   valve  32B  of  FIGS.  4A-4E  inc ludes ,   beginning  at  the  lower  

end,  balancing  port  422,  annular  cavi ty   446,  l o n g i t u d i n a l   bore  

462  and  counterbore   464  of  metering  c a r t r i d g e   444,  l o n g i t u d i n a l  

bore  466  of  second  middle  adaptor  402,  a  short  annular  cavi ty   468 

defined  between  guide  mandrel  means  424  and  power  housing  s e c t i o n  

400,  f i r s t ,   second  and  th i rd   c a r t r i d g e   passages  470,  472  and  474 

disposed  through  the  length  of  p ressure   r e l i e f   c a r t r i d g e   438,  and 

annular   cavi ty   476  defined  between  guide  mandrel  means  424  and 

power  housing  sec t ion   400.  

An  annular  f l o a t i n g   shoe  478  is  disposed  within  a n n u l a r  

cavi ty   446  above  balancing  port  422  and  has  annular  inner  and 

outer   s l i d ing   seals   480  and  482.  

The  major  d i f f e r e n c e   between  t e s t e r   valve  32B  of  FIGS.  4A-4E, 

and  t e s t e r   valve  32A  of  FIGS.  2A-2E,  l i es   in  the  fact   that   t he  



pressure   r e l i e f   c a r t r i dge   has  been  very  g rea t ly   modified,   and  t he  

J - s l o t   and  lug  type  of  r e l ea sab l e   holding  means  190  of  FIG.  2C 

has  been  e l iminated  and  replaced  by  a  very  d i f f e r e n t   type  o f  

r e l e a s a b l e   holding  means  which  operates   based  upon  a  h y d r a u l i c  

pressure   d i f f e r e n t i a l   across  the  power  pis ton  140. 

Referr ing  now  to  FIG.  4C,  these   changes  will   be  descr ibed  in  

g rea t e r   d e t a i l .  

A  pressure   r e l i e f   means  484  is  disposed  in  f i r s t   c a r t r i d g e  

passage  470  for  r e l i ev ing   from  a  f i r s t   por t ion  of  the  second 

pressure   conducting  passage  means  420  a  volume  of  f luid  s u f f i -  

c ient   to  permit  power  pis ton  140  to  t rave l   to  i ts  second  p o s i -  

t ion.   This  f i r s t   por t ion   of  the  second  pressure   conduc t ing  

passage  means  420  is  that  port ion  between  the  second  side  144  o f  

power  piston  140  and  the  r e t a rd ing   means  444.  As  in  the  embodi- 

ment  32A  of  FIGS.  2A-2E,  the  second  pressure   conducting  pa s sage  

means  420  throughout  i ts  length  between  the  second  side  144  o f  

power  p is ton  140  and  the  annular  f l oa t i ng   shoe  478  is  f i l l e d   w i t h  

a  hydraul ic   f luid  such  as  s i l i c o n e   o i l .  

This  s i l i cone   oil  is  s u f f i c i e n t l y   incompress ible   such  that   t he  

volume  thereof   located  between  the  power  pis ton  140  and  t h e  

pressure   r e l i e f   means  484  would  h y d r a u l i c a l l y   block  the  power 

p is ton  140  from  t r ave l i ng   to  i ts  second  pos i t ion   unless  a  volume 

of  this   f luid  equal  to  the  d isplacement   of  power  pis ton  140  were 

re l i eved   from  the  f i r s t   por t ion   of  the  second  pressure   c o n d u c t i n g  

passage  means  420  by  the  pressure   r e l i e f   means  484. 

The  pressure   r e l i e f   means  484  shown  in  FIG.  4C  is  c o n s t r u c t e d  



very  s imi la r   to  and  opera tes   in  s u b s t a n t i a l l y   the  same  manner  as 

the  pressure   r e l i e f   means  272  shown  in  FIG.  2D. 

In  that   regard,   the  p ressure   r e l i e f   c a r t r i d g e   438  may  also  be 

r e f e r r ed   to  as  a  r e l i e f   housing  438.  A  r e l i e f   port  486  is  d i s -  

posed  through  the  r e l i e f   housing  438  and  communicates  the  f i r s t  

por t ion   of  the  second  pressure   conducting  passage  means  420  w i t h  

the  f lu id   dump  zone  92  which  is  also  the  cen t ra l   bore  of  the  

t e s t e r   valve  32B. 

A  pressure   r e l i e f   p is ton  means  488  is  s l i dab ly   disposed  in  

f i r s t   c a r t r i d g e   passageway  470  and  is  movable  between  a  f i r s t  

p o s i t i o n   i l l u s t r a t e d   in  FIG.  4C  wherein  r e l i e f   port  486  i s  

c losed,   and  a  second  p o s i t i o n   wherein  the  pressure   r e l i e f   p i s t o n  

488  is  d i sp laced   downward  r e l a t i v e   to  r e l i e f   housing  438  from  the  

p o s i t i o n   i l l u s t r a t e d   in  FIG.  4C,  so  that  the  r e l i e f   port  486  i s  

opened .  

When  p ressure   r e l i e f   p is ton  means  488  is  in  i ts  closed  p o s i -  

t ion  as  i l l u s t r a t e d   in  FIG.  4C,  an  O-ring  seal  490  disposed  in  

the  outer  surface   of  an  upper  end  por t ion   of  pressure   r e l i e f  

p i s ton   means  488  seals   within  the  f i r s t   c a r t r i d g e   passageway  470 

below  r e l i e f   port  486.  

Disposed  within  f i r s t   c a r t r i d g e   passageway  470  above  p r e s s u r e  

r e l i e f   p is ton  means  488  is  a  threaded  inse r t   492  having  a  l o n g i -  

t ud ina l   bore  494  extending  t he re th rough .   The  lowermost  end  p o r -  

t ion  of  i n se r t   492  is  reduced  in  diameter  and  has  an  O-ring  s e a l  

496  disposed  t h e r e a b o u t .  

An  uppermost  ex t remi ty   of  p ressure   r e l i e f   p is ton  488  has  a 



knife  edge  defined  thereon  which  engages  O-ring  seal  496  to  p r o -  

vide  a  seal  above  the  r e l i e f   port  486. 

A  r e s i l i e n t . r e l i e f   p is ton  biasing  means  498,  comprised  of  a 

stack  of  B e l l e v i l l e   sp r ings ,   is  disposed  about  a  lower  c y l i n d r i -  

cal  por t ion   of  p ressure   r e l i e f   p is ton  means  488  and  serves  t o  

bias  pressure   r e l i e f   p i s ton   means  488  towards  i ts  closed  p o s i -  

t i o n .  

A  lower  threaded  i n se r t   500  engages  the  lower  end  of  t h e  

stack  of  B e l l e v i l l e   spr ings   498  and  may  be  threadedly   adjus ted   t o  

adjust   the  compression  of  the  stack  of  springs  498.  A  l o n g i t u d i -  

nal  bore  502  is  disposed  through  lower  threaded  i n se r t   500. 

The  r e l i e f   port  486  communicates  with  a  l o n g i t u d i n a l   groove 

504  disposed  in  an  inner  c y l i n d r i c a l   surface  506  of  p r e s s u r e  

r e l i e f   c a r t r i d g e   438.  

The  guide  mandrel  means  424  has  a  dump  passage  508  d i s p o s e d  

there th rough   and  communicated  with  the  f lu id   dump  zone  92.  Dump 

passage  508  includes  a  p l u r a l i t y   of  rad ia l   ports  509  and  an  o u t e r  

annular  groove  510  disposed  in  guide  mandrel  means  424  and  com- 

municated  with  the  por ts   509. 

The  l o n g i t u d i n a l   groove  504  of  pressure   r e l i e f   c a r t r i d g e   438 

is  communicated  with  annular  groove  510  of  dump  passage  508 

throughout  the  t r ave l   of  power  p is ton  140  and  its  a t tached  gu ide  

mandrel  means  424.  

Upper  and  lower  O-ring  seals   512  and  514  seal  between 

pressure   r e l i e f   c a r t r i d g e   438  and  guide  mandrel  424  above  and 

below  the  l o n g i t u d i n a l   groove  504.  



A  back  pressure   check  valve  means  516  is  disposed  in  second 

c a r t r i d g e   passage  472  for  prevent ing  communication  of  a  s u f f i -  

c ient   por t ion   of  an  increase   in  well  annulus  pressure   to  t h e  

second  side  144  of  power  piston  140  so  that  so  long  as  s a i d  

increase   in  well  annulus  pressure   is  maintained  on  said  f i r s t  

side  142  of  power  p is ton  140,  a  s u f f i c i e n t   pressure   d i f f e r e n t i a l  

is  maintained  from  said  f i r s t   side  142  to  the  second  side  144  o f  

power  p is ton  140  to  prevent  the  r e s i l i e n t   biasing  means  430  from 

re tu rn ing   the  power  p is ton  140  to  i ts  f i r s t   p o s i t i o n .  

This  back  pressure   check  valve  means  516,  which  is  only  s c h e -  

m a t i c a l l y   i l l u s t r a t e d   in  FIG.  4C,  includes  a  ball   518  which  i s  

r e s i l i e n t l y   biased  by  a  coil   compression  spring  520  downward 

aga ins t   a  valve  seat  522. 

The  back  pressure   check  valve  means  516  is  designed  such  t h a t  

it  prevents   a  s u b s t a n t i a l   por t ion   of  any  increase   in  the  w e l l  

annulus  pressure   from  ever  reaching  the  second  side  144  of  power 

p is ton  140,  so  that   when  an  increase   in  well  annulus  p ressure   i s  

applied  to  the  well  annulus,   there  is  always  a  downward  p r e s s u r e  

d i f f e r e n t i a l   across  power  p is ton  140  so  long  as  that  increase   in 

well  annulus  pressure   is  maintained  on  the  well  annulus.   Th is  

downward  p ressure   d i f f e r e n t i a l   which  is  maintained  on  the  power 

p is ton  140  is  s u f f i c i e n t l y   great   that  it  always  is  g r e a t e r   t han  

the  upward  b ias ing  force  of  b ias ing  means  430  whereby  the  power 

p is ton   140  may  be  said  to  be  r e l e a s a b l y   held  in  i ts   second  p o s i -  

t ion  so  long  as  the  increase   in  well  annulus  pressure   is  main-  

tained  on  the  well  a n n u l u s .  



For  example,  if  the  upward  biasing  force  of  spring  430  i s  

equ iva len t   to  an  upward  pressure   d i f f e r e n t i a l   of  400  psi  a c r o s s  

the  power  p is ton  140,  then  the  back  pressure  check  valve  means 

516  would  be  designed  to  open  at  a  600  psi  pressure  d i f f e r e n t i a l  

so  that  the  f lu id   pressure   in  annular  cavity  476  is  always  a t  

l eas t   600  psi  less  than  the  annulus  f luid  pressure   so  long  as  an 

increase   in  annulus  f luid  pressure   of  g rea te r   than  600  psi  which 

was  applied  to  the  annulus  is  maintained  on  the  annulus  f l u i d .  

Thus,  the  back  pressure   check  valve  means  may  be  said  to  be  a 

r e l e a s a b l e   holding  means  516  r e l e a s a b l y   prevent ing  the  power 

p is ton  140  from  r e tu rn ing   to  i ts  f i r s t   p o s i t i o n .  

A  run-in  balance  means  524  is  disposed  in  third  c a r t r i d g e  

passage  474  for  allowing  well  annulus  pressure   to  s u f f i c i e n t l y  

balance  across  power  p is ton  140  as  the  t e s t e r   valve  32B  is  run 

into  the  well  so  that   a  pressure   d i f f e r e n t i a l   from  the  f i r s t   s i d e  

142  to  the  second  side  144  of  power  piston  140  is  never  s u f f i -  

c ient   to  overcome  the  r e s i l i e n t   biasing  means  430  and  p r e m a t u r e l y  

move  the  power  p is ton  140  to  i ts  second  pos i t ion   as  the  t e s t e r  

valve  32B  is  run  into  the  w e l l .  

The  run-in  balance  means  524  includes  a  balance  valve  means 

526  movable  r e l a t i v e   to  pressure   r e l i e f   c a r t r i dge   438  between  an 

open  p o s i t i o n   i l l u s t r a t e d   in  FIG.  4C,  wherein  f luid  may  f low 

through  third  c a r t r i d g e   passage  474,  and  a  closed  p o s i t i o n ,   d i s -  

placed  downwardly  s l i g h t l y   r e l a t i v e   to  pressure   r e l i e f   c a r t r i d g e  

438  from  the  p o s i t i o n   i l l u s t r a t e d   in  FIG.  4C,  to  a  closed  p o s i -  

t ion  wherein  f lu id   flow  through  the  third  c a r t r i d g e   passage  474 



is  p r e v e n t e d .  

Balance  valve  means  526  is  s u b s t a n t i a l l y   c y l i n d r i c a l   in  shape 

and  has  a  r a d i a l l y   outward  extending  ledge  528  defined  on  an 

i n t e rmed ia t e   part   t h e r e o f .  

A  f i r s t   end  530  of  balance  valve  means  526  extends  upward  o u t  

of  th i rd   c a r t r i d g e   passage  474  toward  the  power  pis ton  1 4 0 .  

A  second  end  532  of  balance  valve  means  526  is  c l o s e l y  

received  within  a  reduced  inner  diameter   por t ion   534  of  t h i r d  

c a r t r i d g e   passage  474.  

Third  c a r t r i d g e   passage  474  includes   an  enlarged  i n n e r  

diameter   por t ion   536  loca ted   above  reduced  inner  diameter  p o r t i o n  

534,  and  the  inner  su r faces   534  and  536  are  joined  by  a  t a p e r e d  

sea t ing   surface   538.  

When  balance  valve  means  526  is  in  i ts  open  pos i t ion   as 

i l l u s t r a t e d   in  FIG.  4C,  an  O-ring  seal  540  disposed  about  a  lower  

por t ion   of  balance  valve  means  528  is  located  above  t a p e r e d  

sea t ing   surface   538  out  of  engagement  the rewi th ,   so  that  f l u i d  

may  flow  through  the  r e l a t i v e l y   small  c lea rances   between  b a l a n c e  

valve  means  526  and  the  reduced  diameter   por t ion   534  of  t h i r d  

c a r t r i d g e   passage  474.  

Disposed  about  balance  valve  means  526  below  the  ledge  528 

thereof   is  a  coil   compression  balance  valve  biasing  spring  542 

which  b iases   balance  valve  means  526  upward  toward  i ts  open  p o s i -  

t i o n .  

An  ac tua t ing   lug  544  is  a t t ached   to  the  guide  mandrel  424, 

which  may  also  be  r e f e r r ed   to  in  the  p resen t   embodiment  as  an 



opera t ing   mandrel  424,  for  engaging  the  f i r s t   end  530  of  b a l a n c e  

valve  means  526  and  for  moving  the  balance  valve  means  526  to  i t s  

closed  pos i t i on   wherein  the  O-ring  seal  540  s e a l i n g l y   engages  t h e  

tapered  sea t ing   surface  538  as  the  power  pis ton  140  moves  to  i t s  

second  p o s i t i o n .  

Actuat ing  lug  544  provides  an  ac tua t ing   means,  o p e r a t i v e l y  

a s soc i a t ed   with  power  pis ton  140,  for  mechanical ly   moving  t h e  

balance  valve  means  526  to  i ts   closed  pos i t i on   as  the  power 

pis ton  140  moves  to  i ts   second  p o s i t i o n .  

In  the  lower  end  of  th i rd   c a r t r i d g e   passage  474,  a  f l u i d  

r e s t r i c t o r   546  is  held  in  place  by  a  lower  threaded  i n s e r t   548.  

Fluid  r e s t r i c t o r   546  p r o t e c t s   balance  valve  means  526  from 

excess ive   pressure   d i f f e r e n t i a l s   which  might  damage  i t .  

The  th i rd   c a r t r i d g e   passage  474  may  also  genera l ly   be 

r e f e r r ed   to  as  a  bypass  por t ion   474  of  the  second  p ressure   con-  

ducting  passage  means  420,  which  bypass  por t ion   bypasses  t h e  

pressure   r e l i e f   means  484. 

As  is  f u r t he r   explained  below  in  the  d e s c r i p t i o n   of  t h e  

opera t ion   of  the  t e s t e r   valve  32B,  the  balance  valve  means  526 

may  also  be  r e f e r r ed   to  as  a  seal  valve  means  526,  disposed  in  

the  second  pressure   conducting  passage  means  420,  for  p r e v e n t i n g  

communication  of  any  fu r the r   por t ion   of  the  increase   in  w e l l  

annulus  pressure   to  the  second  side  144  of  power  p is ton  140  a f t e r  

the  back  pressure   check  valve  means  516  has  f i n a l l y   closed  sub -  

sequent  to  the  power  p is ton  140  reaching  its  second  p o s i t i o n .  

Thus,  the  ac tua t ing   lug  544  may  also  be  r e f e r r ed   to  as  an 



ac tua t i ng   means  544,  o p e r a t i v e l y   a s soc ia ted   with  the  power  p i s t o n  

140,  for  mechanical ly   closing  the  seal  valve  means  526  when  t he  

power  pis ton  140  moves  to  i ts   second  p o s i t i o n .  

Fur the r ,   the  r e t a rd ing   means  444  may  also  be  f u r t he r   c h a r a c -  

t e r i z e d   as  being  a  means  for  allowing  a  f i r s t   a d d i t i o n a l   p o r t i o n  

of  the  increase   in  well  annulus  pressure   to  be  communicated  t o  

the  second  side  144  of  the  power  p is ton  140  a f t e r   the  power 

p i s ton   140  is  moved  to  i ts   second  p o s i t i o n .  

Operat ion  of  the  Embodiment  of  FIGS.  4A-4E 

The  opera t ion   of  the  t e s t e r   valve  32B  of  FIGS.  4A-4E  i s  

gene ra l l y   as  f o l l o w s .  

The  t e s t e r   valve  32B  is  i n i t i a l l y   o r ien ted   as  i l l u s t r a t e d   in  

FIGS.  4A-4E  and  is  made  up  with  the  tes t   s t r ing   28  in  the  p o s i -  

t ion  des igna ted   by  the  numeral  32  in  FIG.  1. 

The  t e s t e r   valve  32B  is  then  run  down  into  the  well  d e f i n e d  

by  well  casing  16  with  the  ball   valve  means  90  in  its  c l o s e d  

p o s i t i o n   c los ing  the  c en t r a l   bore  flow  passage  92  of  the  t e s t e r  

valve  32B,  and  w i t h  t h e   power  p is ton  140  in  i ts  f i r s t   p o s i t i o n   as 

i l l u s t r a t e d   in  FIG.  4C. 

The  coil   compression  spring  430  r e s i l i e n t l y   biases  the  power 

p i s ton   140  towards  i ts   f i r s t   p o s i t i o n .  

As  the  t e s t e r   valve  32B  is  run  into  the  well,  the  increase   in  

h y d r o s t a t i c   p ressure   of  the  well  annulus  f luid  with  i n c r e a s i n g  

depth  is  s u f f i c i e n t l y   balanced  across  the  power  p is ton  140  so 

that   a  p ressure   d i f f e r e n t i a l   from  the  f i r s t   side  142  to  t h e  



second  side  144  of  power  p is ton  140  is  never  s u f f i c i e n t   to  o v e r -  

come  the  r e s i l i e n t   b ias ing  means  430  and  prematurely  move  t he  

power  piston  140  to  i ts  second  pos i t ion   as  the  t e s t e r   valve  32B. 

is  being  run  into  the  w e l l .  

This  balancing  of  well  annulus  h y d r o s t a t i c   pressure   as  t h e  

t e s t e r   valve  32B  is  r u n ' i n t o   the  well  is  accomplished  by  t he  

balance  valve  means  526. 

The  increase   in  h y d r o s t a t i c   well  annulus  pressure   is  communi- 

cated;  with  a  time  delay  due  to  the  r e t a rd ing   means  444,  to  t he  

lower  end  of  th i rd   c a r t r i d g e   passage  474,  and  then  through  t h e  

s l i g h t   c learance   between  the  lower  end  of  balance  valve  means  526 

and  the  reduced  diameter   i n t e r n a l   bore  por t ion   534  of  third  c a r -  

t r idge   passage  474  upward  to  annular  cavity  476  and  the  second 

side  144  of  power  p is ton  140.  S u f f i c i e n t   f luid  flow  can  be 

obtained  through  these  small  c lea rances   because  the  only  f l u i d  

flow  which  is  requi red   in  order  to  balance  the  increas ing   hydro-  

s t a t i c   pressure   across  the  power  pis ton  140,  is  the  very  s l i g h t  

flow  necessary  to  account  for  the  s l i g h t   c o m p r e s s i b i l i t y   of  t he  

s i l i c o n e   oil  which  is  trapped  between  the  second  side  144  o f  

power  pis ton  140  and  the  pressure   balance  c a r t r i dge   438.  

Once  the  t e s t e r   valve  32B  is  in  the  pos i t ion   i l l u s t r a t e d   in  

FIG.  1,  the  packer  means  44  is  set  to  separa te   the  well  annu lus  

42  into  an  upper  por t ion   above  the  packer  means  44  and  the  lower  

por t ion   48  below  the  packer  means  44.  The  power  port  162  and 

balancing  port  422,  and  accordingly   the  f i r s t   and  second  p r e s s u r e  

conducting  passage  means  160  and  420,  r e s p e c t i v e l y ,   are  communi- 



cated  with  the  upper  por t ion   of  the  well  annulus  42  above  t h e  

packer  means  44.  The  flow  passage  cen t r a l   bore  92  of  the  t e s t e r  

valve  32B  is  communicated with  the  lower  por t ion   48  of  the  w e l l  

annulus  42  below  the  packer  means  44. 

After  s e t t i n g   the  packer  means,  an  increase   in  annulus  f l u i d  

p ressure   is  applied  to  the  annulus  f lu id   in  the  upper  por t ion   of  

the  well  annulus  42  above  the  packer  means  44. 

This  increase   in  annulus  p ressure   is  s u b s t a n t i a l l y   i n s t a n -  

taneously   communicated  to  the  f i r s t   side  142  of  power  p is ton  140 

through  the  f i r s t   p ressure   conducting  passage  means  160. 

The  f lu id   flow  r e s t r i c t o r   454  of  r e t a rd ing   means  444  d e l a y s  

communication  of  a  s u f f i c i e n t   por t ion   of  this   increase   in  annu lus  

f lu id   pressure   to  the  second  side  144  of  power  pis ton  140  for  a 

s u f f i c i e n t   time  to  allow  a  pressure   d i f f e r e n t i a l   from  f i r s t   s i d e  

142  to  second  side  144  of  power  p is ton  140  to  move  the  power 

p is ton  140  downward  to  i ts   second  p o s i t i o n   corresponding  to  an 

open  pos i t i on   of  bal l   valve  means  90.  

I n i t i a l l y ,   the  power  p is ton  140  is  h y d r a u l i c a l l y   blocked  from 

moving  downward  by  the  f lu id   trapped  between  the  power  p is ton  140 

and  the  pressure   r e l i e f   c a r t r i d g e   438.  

The  downward  p ressure   d i f f e r e n t i a l   across  p ressure   r e l i e f  

p is ton  means  488,  however,  quickly  causes  pressure   r e l i e f   p i s t o n  

488  to  move  downward  breaking  the  seal  with  O-ring  496  so  as  t o  

open  the  pressure   r e l i e f   means  484  and  allow  f luid  trapped  below 

the  power  p is ton  140  to  be  r e l i eved   through  the  r e l i e f   port  486 

and  the  dump  passage  508  into  the  dump  zone  92.  This  f lu id   i s  



cont inuous ly   r e l i eved   to  the  dump  zone  92  as  the  power  p is ton   140 

moves  from  i ts   f i r s t   pos i t i on   to  i ts   second  pos i t i on .   The  volume 

of  f luid  r e l i eved   through  the  pressure   r e l i e f  means   484  is  e q u a l  

to  a  volume  of  f luid  d i sp laced   by  the  power  piston  140  as  it  t r a -  

vels  from  i ts   f i r s t   pos i t i on   to  i ts  second  p o s i t i o n .  

As  the  power  p is ton   140  moves  from  its  f i r s t   pos i t i on   to  i t s  

second  pos i t i on   it  r o t a t e s   the  ball   valve  means  90  to  an  open 

pos i t i on   wherein  the  bore  94  thereof   is  v e r t i c a l l y   aligned  w i t h  

the  cen t r a l   bore  92  of  t e s t e r   valve  328. 

In  the  l a s t   t h i r t y   to  for ty   thousandths  of  an  inch  of  move- 

ment  of  the  power  p is ton  140,  the  ac tua t ing   lug  544  engages  t he  

upper  end  530  of  balance  valve  and  seal  valve  means  526  t o  

thereby  mechanica l ly   close  the  balance  valve  and  seal  valve  means 

526  as  the  power  p is ton  140  moves  to  i ts  second  p o s i t i o n .  

This  c losing  of  the  balance  valve  and  seal  valve  means  526 

prevents   communication  of  any  fu r the r   port ion  of  the  increase   in  

well  annulus  pressure   to  the  second  side  144  of  power  p is ton  140 

a f t e r   the  back  pressure   check  valve  means  516  has  f i n a l l y   c l o s e d  

subsequent  to  the  power  p is ton  140  reaching  its  second  p o s i t i o n .  

With  regard  to  the  movement  of  the  back  pressure  check  v a l v e  

means  516,  it  of  course  is  in  a  closed  pos i t ion   while  the  power 

pis ton  140  is  moving  downward  from  i ts   f i r s t   pos i t ion   to  i t s  

second  p o s i t i o n ,   because  there  is  a  downward  pressure   d i f f e r e n -  

t i a l   across  the  bal l   valve  means  516. 

The  downward  movement  of  the  power  p is ton  140  occurs  v e r y  

r ap id ly ,   in  a  matter   of  just   a  few  seconds  or  less ,   and  t h u s  



a f t e r   the  power  p is ton  140  reaches  i ts  lowermost  pos i t ion   where in  

the  ac tua t ing   lug  544  mechanica l ly   holds  the  balance  valve  and 

seal  valve  means  526  c losed,   there  is  s t i l l   a  s u b s t a n t i a l   amount 

of  the  increase   in  well  annulus  pressure   which  has  not  yet  been 

communicated  through  the  r e t a r d i n g   means  444.  Thus,  as  t he  

increase   in  annulus  f lu id   p ressure   cont inues   to 'be  communicated 

to  the  lower  side  of  p ressure   r e l i e f   c a r t r i d g e   438  through  the  

r e t a r d i n g   means  444,  the  p ressure   in  second  pressure   c o n d u c t i n g  

passage  means  420  below  p ressure   r e l i e f   c a r t r i d g e   438  wil l   u l t i -  

mately  exceed  the  p ressure   in  annular  cavi ty   476  above  p r e s s u r e  

r e l i e f   c a r t r i d g e   438.  

When  the  p ressure   below  p ressure   r e l i e f   c a r t r i d g e   438  exceeds  

the  p ressure   above  p ressure   r e l i e f   c a r t r i d g e   438  by  a  va lue  

g r e a t e r   than  the  opening  value  of  the  back  pressure   check  v a l v e  

means  516,  the  back  p ressure   check  valve  means  516  will   open  so 

as  to  cont ro l   the  p ressure   in  the  annular   cavity  476  above  the  

pressure   r e l i e f   c a r t r i d g e   438.  

Thus,  u l t i m a t e l y   severa l   minutes  a f t e r   the  increase   in  annu- 

lus  p ressure   has  been  appl ied  to  the  well  annulus  42,  and  so  long 

as  the  increase   in  annulus  p ressure   is  maintained  on  the  w e l l  

annulus,   a  s i t u a t i o n   will   be  reached  wherein  the  pressure   r e l i e f  

valve  means  484  has  re turned   to  i ts   closed  pos i t i on   as  i l l u s -  

t r a t e d   in  FIG.  4C,  the  balance  valve  and  seal  valve  means  526  i s  

mechanica l ly   held  in  a  closed  p o s i t i o n   by  ac tua t ing   lug  544 

engaging  the  upper  end  530  t h e r e o f ,   and  the back  pressure   check 

valve  means  516  is  f i n a l l y   c losed,   t rapping  a  p ressure   in  t he  



annular  cavity  476  which  is  equal  to  the  well  annulus  p r e s s u r e  

minus  the  operat ing  pressure   of  the  back  pressure   check  v a l v e  

means  516. 

Thus,  at  this   equ i l ib r ium  s t a t e ,   a  downward  pressure   d i f f e r -  

e n t i a l   is  maintained  across  power  pis ton  140  which  is  equal  t o  

the  opera t ing   pressure   of  the  back  pressure   check  valve  means 

516.  This  opera t ing   pressure   is  designed  such  that  the  downward 

pressure   d i f f e r e n t i a l   across  power  pis ton  140  will   always  be 

g rea te r   than  the  upward  force  being  exerted  by  r e s i l i e n t   b i a s i n g  

means  430,  so  long  as  the  increase   in  annulus  pressure   is  main-  

tained  on  the  well  a n n u l u s .  

Then,  in  order  to  rec lose   the  ball   valve  means  90,  t he  

increase   in  well  annulus  pressure   is  rapidly   dropped,  t h u s  

allowing  the  r e s i l i e n t   biasing  means  430  to  move  the  power  p i s t o n  

140  upward  and  re turn   it  to  i ts  f i r s t   p o s i t i o n .  

Upon  this   upward  movement  of  power  p is ton  140,  most  of  t he  

oil  flow,  which  is  necessary  from  the  second  pressure   c o n d u c t i n g  

passage  means  420  below  pressure   r e l i e f   c a r t r i d g e   438  upward 

through  pressure   r e l i e f   c a r t r i d g e   438  to  the  annular  cavi ty   476 

to  replace  the  f lu id   which  was  lost   during  the  downward  movement 

of  the  power  p is ton  140,  flows  upward  th rough  the   second  c a r -  

t r idge   passage  472  past  the  back  pressure   check  valve  means  516.  

Also,  the  i n i t i a l   t h i r t y   to  forty  thousandths  inch  movement 

upwardly  of  power  p is ton  140  allows  the  seal  of  O-ring  540  w i t h  

tapered  seat ing  surface  538  to  be  broken.  This  seal  is  b roken  

due  to  the  r e s i l i e n t   balance  valve  compression  spring  544  b i a s i n g  



the  balance  valve  526  upward.  The  c o m p r e s s i b i l i t y   of  the  s i l i -  

cone  oil   located  in  second  pressure   conducting  passage  means  420 

below  the  balance  valve  means  526  allows  this   i n i t i a l   t h i r t y   t o  

for ty   thousandths   inch  movement  even  if  there  has  not  yet  been 

any  upward  f lu id   flow  through  the  second  c a r t r i d g e   p a s s a g e . 4 7 2 .  

Once  the  upward  pressure   d i f f e r e n t i a l   across  pressure   r e l i e f  

c a r t r i d g e   438  decreases   to  below  the  operat ing  pressure   of  back 

p res su re   check  valve  means  516,  the  back  pressure   check  va lve  

means  516  wil l   close  and  the  remaining  upward  oil  flow  n e c e s s a r y  

to  allow  the  power  p is ton  140  to  return  all   the  way  upward  to  i t s  

f i r s t   p o s i t i o n   is  provided  by  flow  through  the  third  c a r t r i d g e  

passage  474  pass  the  balance  valve  means  526  in  the  manner  p r e -  

v ious ly   d e s c r i b e d .  

The  Embodiment  of  FIGS.  5A-5G 

Refe r r ing   now  to  FIGS.  5A-5G,  an  e l eva t ion   half  sec t ion   view 

is  thereshown  of  a  th i rd   embodiment  of  the  t e s t e r   valve  of  t he  

p resen t   invent ion   which  is  genera l ly   designated  by  the  numeral  

32C. 

Those  por t ions   of  t e s t e r   valve  32C  from  the  upper  adaptor  56 

down  to  about  the  level   of  power  piston  140  are  i d e n t i c a l   o r  

s u b s t a n t i a l l y   s imi la r   to  the  analogous  por t ions   of  the  t e s t e r  

valve  32A  shown  in  FIGS.  2A-2C.  Those  i d e n t i c a l   or  s u b s t a n t i a l l y  

components  are  des igna ted   by  the  same  numerals  u t i l i z e d   in  FIGS. 

2A-2C,  and  the  d e t a i l e d   d e s c r i p t i o n   thereof   will  not  be  r e p e a t e d .  

The  one  m o d i f i c a t i o n   which  has  been  made  in  this   por t ion   o f  



the  t e s t e r   valve  32C,  as  compared  to  the  t e s t e r   valve  32A,  i s  

that  a  r e l e a s a b l e   holding  means  600,  shown  in  FIG.  5B,  has  been 

added.  

The  r e l e a s a b l e   holding  means  600  includes  an  i n d e n t a t i o n   602 

disposed  in  the  ball   valve  ac tua t ing   mandrel  124.  This  b a l l  

valve  ac tua t ing   mandrel  124  is  th readedly   a t tached  to  the  power 

p is ton  140  at  threaded  connect ion  148  as  seen  in  FIG.  5C. 

The  r e l e a s a b l e   holding  means  600  also  includes  a  holding  p i n  

604  which  is  r a d i a l l y   s l i dab ly   disposed  in  a  rad ia l   bore  606  o f  

the  f i r s t   middle  adaptor  sec t ion   60  of  tool  housing  54.  The 

r ad ia l   bore  606  is  a c t u a l l y   p a r t i a l l y   disposed  in  the  f i r s t  

middle  adaptor  60  and  p a r t i a l l y   disposed  in  a  threaded  h o l d i n g  

in se r t   608. 

Releasable   holding  means  600  also  includes  a  r e s i l i e n t   p i n  

biasing  means  610,  which  is  a  coil   compression  spring  610,  f o r  

biasing  the  holding  pin  604  r a d i a l l y   inward  r e l a t i v e   to  the  f i r s t  

middle  adaptor  60  of  tool  housing  54. 

The  i nden t a t i on   602  and  holding  pin  604  are  so  arranged  and 

cons t ruc ted   that   when  the  power  p is ton  140  is  moved  downward  t o  

i ts   second  p o s i t i o n ,   the  i n d e n t a t i o n   602  is  r a d i a l l y   al igned  w i t h  

the  holding  pin  604  so  that  the  holding  pin  604  is  moved  into  the  

i nden ta t i on   602  by  the  pin  biasing  means  610  so  that  the  power 

p is ton  140  is  then  r e l e a s a b l y   held  in  i ts   second  p o s i t i o n .  

Thus,  the  r e l e a s a b l e   holding  means  600  may  genera l ly   be 

descr ibed  as  a  r e l e a s a b l e   holding  means  600,  o p e r a t i v e l y   a s s o -  

c ia ted  with  the  power  p i s t o n  1 4 0 ,   for  r e l ea sab ly   p revent ing   t he  



power  p is ton  140  from  r e t u r n i n g  t o  i t s   f i r s t   p o s i t i o n .  

As  is  f u r the r   explained  below,  the  r e l e a s a b l e   holding  means 

600  a c t u a l l y   provides  only  a  por t ion  of  the  force  necessary  t o  

hold  the  power  p is ton  140  in  i ts  second  p o s i t i o n .   The  r e m a i n d e r  

of  the  necessary  force  is  provided  by  a  downward  p ressure   d i f -  

f e r e n t i a l   maintained  across  power  p is ton  140. 

The  tool  housing  54  of  t e s t e r   valve  32C  includes  the  upper  

adaptor   56,  the  valve  housing  sec t ion   58,  the  f i r s t   m idd le  

adaptor  60,  a  power  housing  sec t ion   612,  a  second  middle  a d a p t o r  

614,  an  i n t e rmed ia te   housing  sec t ion   616,  a  th i rd   middle  a d a p t o r  

618,  a  r e t a rd ing   shoe  housing  sec t ion   620,  and  a  lower  a d a p t o r  

622.  

Power  housing  sec t ion   612  has  i ts   upper  end  t h r eaded ly   con-  

nected  to  f i r s t   middle  adaptor  60  at  threaded  connect ion  76  w i t h  

a  seal  provided  therebetween  by  O-ring  78.  

Second  middle  adaptor  614  has  i ts   upper  end  th readed ly   con-  

nected  to  power  housing  sec t ion   612  at  threaded  connect ion  624 

with  a  seal  provided  therebetween  by  double  O-ring  sea l ing   means 

626.  

Second  middle  adaptor  614  has  i ts   lower  end  t h r eaded ly   con-  

nected  to  i n t e rmed ia te   housing  sec t ion   616  at  threaded  c o n n e c t i o n  

628  with  a  seal  provided  therebetween  by  double  0- r ing  s e a l i n g  

means  630.  

In t e rmed ia t e   housing  sec t ion   616  has  i ts   lower  end  t h r e a d e d l y  

connected  to  th i rd   middle  adaptor  618  at  threaded  connect ion  632 

with  a  seal  being  provided  therebetween  by  O-ring  634. 



Third  middle  adaptor  618  has  its  lower  end  threadedly   con- 

nected  to  r e t a rd ing   shoe  housing  sec t ion   620  at  threaded  connec-  

tion  636  with  a  seal  being  provided  therebetween  by  O-ring  638. 

Retarding  shoe  housing  sect ion  620  has  its  lower  end 

th readed ly   connected  to  lower  adaptor  54  at  threaded  c o n n e c t i o n  

640. 

Returning  now  to  FIG.  5C,  the  f i r s t   pressure   conduc t ing  

passage  means  160  of  t e s t e r   valve  32C  is  s u b s t a n t i a l l y   i d e n t i c a l  

to  the  f i r s t  p r e s s u r e   conducting  passage  means  160  of  the  t e s t e r  

valve  32A  in  that   it  includes  the  power  port  162  and  the  a n n u l a r  

cavi ty   164. 

A  second  pressure   conducting  passage  means  642  communicates 

the  well  annulus  42  with  the  second  side  144  of  power  pis ton  140, 

and  includes  a  balancing  port  644  (see  FIG.  5G)  and  a  p l u r a l i t y  

of  passages  and  c a v i t i e s   f u r t he r   descr ibed  below. 

Extending  downward  from  power  p is ton  140  is  a  guide  mandrel  

means  646  which  has  i ts  lower  end  por t ion   c losely   and  s l i d a b l y  

received  within  an  upper  counterbore   648  of  second  middle  a d a p t o r  

614.  A  s l id ing   seal  is  provided  therebetween  by  f i r s t   and  second 

seal  means  650  and  652.  

An  annular  cavity  654  is  defined  between  guide  mandrel  means 

646  and  power  housing  sec t ion   612,  and  forms  a  part  of  the  second 

pressure   conducting  passage  means  642. 

Disposed  in  an  upper  por t ion   of  annular  cavity  654  is  a  r e s i -  

l i e n t   b ias ing  means  656,  which  is  a  coil  compression  spring  656, 

o p e r a t i v e l y   a s soc ia t ed   with  the  power  pis ton  140  for  biasing  t he  



power  p is ton  140  toward  i ts   f i r s t   p o s i t i o n .   The  coil  spring  656 

has  i ts   upper  end  658  engaging  the  second  side  144  of  power 

p i s ton   140  and  has  i ts   lower  end  660  engaging  a  r a d i a l l y   inward 

extending  annular  ledge  662  of  power  housing  sect ion  612. 

As  is  f u r t he r   explained  below,  coil   spring  656  is  s t r o n g  

enough  to  overcome  the  holding  force  of  r e l ea sab l e   holding  means 

600,  a l o n e .  

A  f i l l e r   port  664  is  disposed  through  power  housing  s e c t i o n  

612  and  is  closed  by  a  threaded  seal  plug  666.  The  f i l l e r   p o r t  

664  is  u t i l i z e d   when  f i l l i n g   the  annular  cavi ty  654  with  o i l .  

Disposed  in  a  lower  por t ion   of  annular  cavity  654  is  an  annu- 

lar  r e l i e f   c a r t r i d g e   668.  

Rel ief   c a r t r i d g e   668  has  f i r s t   and  second  c a r t r i d g e   p a s s a g e s  

670  and  672  disposed  t he r e th rough ,   which  c a r t r i d g e   p a s s a g e s  

comprise  a  por t ion   of  second  p ressure   conducting  passage  means 

642. 

A  p ressure   r e l i e f   means  674  is  disposed  in  the  f i r s t   c a r -  

t r idge   passage  670  for  r e l i e v i n g   from  a  f i r s t   por t ion  of  the  

second  pressure   conducting  passage  means  642  a  volume  of  f l u i d  

s u f f i c i e n t   to  permit  the  power  p is ton  140  to  t rave l   to  i ts   second 

p o s i t i o n .   This  f i r s t   por t ion   of  the  second  pressure   conduc t i ng  

passage  means  642  is  defined  as  the  por t ion   of  the  second 

pressure   conducting  passage  means  642  between  the  second  side  144 

of  power  p is ton   140  and  an  annular  s l i d ing   shoe-type  r e t a r d i n g  

means  676  which  is  f u r t h e r   descr ibed   below. 

The  p ressure   r e l i e f   means  674  is  s imi l a r   in  i ts  opera t ion   t o  



the  pressure   r e l i e f   means  i l l u s t r a t e d   in  FIG.  2D  for  t e s t e r   v a l v e  

32A,  but  there  are  some  d i f f e r e n c e s   in  the  cons t ruc t i on   t h e r e o f .  

Pressure  r e l i e f   means  674  is  disposed  in  the  pressure   r e l i e f   c a r -  

t r idge   668,  which  in  the  context   of  the  present   d i s cus s ion   may  be 

r e fe r r ed   to  as  a  r e l i e f   housing  668.  A  r e l i e f   port  678  is  d i s -  

posed  through  the  r e l i e f   housing  668  and  communicates  with  a 

l o n g i t u d i n a l   groove  680  disposed  in  the  inner  c y l i n d r i c a l   s u r f a c e  

of  r e l i e f   housing  668  between  upper  and  lower  i n t e r n a l   seals   682 

and  684. 

Longi tudina l   groove  680  communicates  with  a  dump  passage  686 

disposed  through  the  guide  mandrel  means  646.  The  dump  p a s s a g e  

686  communicates  with  the  dump  zone  92  which  is  also  the  c e n t r a l  

bore  of  the  t e s t e r   valve  32C. 

A  pressure   r e l i e f   p is ton  means  688  is  s l i dab ly   disposed  in 

the  f i r s t   c a r t r i g e   passage  670  of  r e l i e f   housing  668  and  i s  

movable  between  a  f i r s t   pos i t i on   i l l u s t r a t e d   in  FIG.  5C  where in  

the  r e l i e f   port  678  is  closed,   and  a  second  downwardly  d i s p l a c e d  

pos i t ion   wherein  the  r e l i e f   port  678  is  open.  

Upper  and  lower  o- r ing  seals   690  and  692  seal  between  t he  

pressure   r e l i e f   p is ton  means  688  and  the  c a r t r i d g e   passage  670. 

A  lower  inse r t   694  is  th readedly   received  in  f i r s t   c a r t r i d g e  

passage  670  and  has  a  l o n g i t u d i n a l   bore  696  t h e r e t h r o u g h .  

A  r e s i l i e n t   r e l i e f   p is ton  b ias ing  means  698,  which  is  a  c o i l  

compression  spring  698,  has  i ts   upper  end  engaging  the  lower  end 

of  pressure   r e l i e f   pis ton  means  688  and  has  i ts   lower  end 

engaging  the  threaded  i n se r t   694.  The  compression  load  on  t he  



bias ing  means  698  may  be  adjus ted  by  varying  the  threaded  engage-  

ment  of  the  i n se r t   694  with  the  pressure   r e l i e f   c a r t r i d g e   668. 

An  ex te rna l   seal  700  is  provided  between  pressure   r e l i e f  

c a r t r i d g e   668  and  an  inner  c y l i n d r i c a l   surface  of  power  hous ing  

sec t ion   612. 

I l l u s t r a t e d   on  the  l e f t -hand   side  of  FIG.  5C,  is  a  r u n - i n  

balance  means  702  for  al lowing  well  annulus  pressure   to  s u f -  

f i c i e n t l y   balance  across  power  pis ton  140  as  the  t e s t e r   valve  32C 

is  run  into  a  well  so  that   a  pressure   d i f f e r e n t i a l   from  the  f i r s t  

side  142  to  the  second  side  144  of  power  pis ton  140  is  never  s u f -  

f i c i e n t   to  overcome  the  r e s i l i e n t   biasing  means  656  and  prema- 

tu re ly   move  the  power  p is ton  140  to  its  second  pos i t i on   as  t h e  

t e s t e r   valve  32C  is  being  run  into  a  w e l l .  

This  run- in   balance  means  702  includes  a  second  c a r t r i d g e  

passage  672  which  may  also  be  r e fe r r ed   to  as  a  bypass  por t ion   672 

of  the  second  p ressure   conducting  passage  means  642. 

Run-in  balance  means  702  also  includes  a  one-way  check  v a l v e  

704  disposed  in  the  bypass  por t ion   or  second  c a r t r i d g e   passageway 

672  for  allowing  f lu id   flow  and  thus  pressure   t r ansmiss ion   in  a 

f i r s t   upward  d i r e c t i o n   from  the  well  annulus  through  the  bypass  

por t ion   672  of  the  second  pressure   conducting  passage  means  642 

to  the  second  side  144  of  power  p is ton  140,  and  for  p r e v e n t i n g  

f lu id   flow  in  a  reverse   downward  d i r e c t i o n   opposi te   said  f i r s t  

d i r e c t i o n .  

Also  i l l u s t r a t e d   in  FIG.  5C  is  a  f i l t e r   706  located  below  t h e  

check  valve  704  for  p reven t ing   contaminated  ma te r i a l s   from  i n t e r -  



r e r r ing   witn  tne  opera t ion   or  the  check  valve  7U4. 

Referr ing  now  to  FIG.  5D,  an  in te rmedia te   inner  mandrel  708 

has  i ts  upper  end  threadedly  connected  to  an  i n t e rna l   t h r e a d e d  

por t ion   of  second  middle  adaptor  614  at  threaded  connection  710 

with  a  seal  being  provided  therebetween  by  O-ring  seal  means  712. 

An  annular  cavity  714  is  defined  between  in te rmedia te   i n n e r  

mandrel  708  and  in te rmedia te   housing  sect ion  616  and  forms  a  p a r t  

of  the  second  pressure   conducting  passage  means  642. 

Second  middle  adaptor  614  has  one  or  more  l o n g i t u d i n a l   bo re s  

or  passages  716  disposed  through  the  length  thereof  communicating 

annular   cavity  714  with  annular  cavity  654.  The  l o n g i t u d i n a l  

passages  716  also  comprise  a  part  of  the  second  pressure   con- 

ducting  passage  means  642. 

A  t r ansve r se   bore  718  is  disposed  through  the  body  of  second 

middle  adaptor  614  and  i n t e r s e c t s   the  l o n g i t u d i n a l   bore  716.  A 

f i l l e r   valve  (not  shown)  is  disposed  in  t r ansve r se   bore  718  f o r  

aid  in  f i l l i n g   the  second  pressure   conducting  passage  means  642 

with  o i l .  

Referr ing  now  to  FIG.  5E,  an  in te rmedia te   f l oa t ing   shoe  720 

is  disposed  in  an  annular  cavity  714.  It  includes  inner  and 

outer   upper  seals   722  and  724  sea l ing   agains t   in te rmedia te   i n n e r  

mandrel  708  and  in te rmedia te   housing  sect ion  616,  r e s p e c t i v e l y .  

It  also  includes  inner  and  outer  lower  seals  726  and  728  s e a l i n g  

aga ins t   i n t e rmedia te   inner  mandrel  708  and  in te rmedia te   hous ing 

sec t ion   616,  r e s p e c t i v e l y .  

.  A  mandrel  extension  730  has  i ts  upper  end  threadedly  con- 



nected  to  i n t e rmed ia t e   inner  mandrel  708  at  threaded  c o n n e c t i o n  

732  with  a  seal  being  provided  therebetween  by  O-ring  seal  means 

734.  

Mandrel  ex tens ion   730  has  i ts  lower  end  c lose ly   r e c e i v e d  

within  an  upper  counterbore   736  of  a  blank  c a r t r i d g e   738  which  i s  

located  within  the  r e t a r d i n g   shoe  housing  sec t ion   620.  An  annu- 

lar  seal  is  provided  therebetween  by  O-ring  seal  740. 

An  i r r e g u l a r   annular  cavi ty  742  is  defined  between  mandrel  

ex tens ion   730  and  both  the  lower  por t ion   of  in te rmedia te   hous ing  

sec t ion   616  and  an  inner  surface   of  th i rd   middle  adaptor  618. 

The  i r r e g u l a r   annular   cavi ty   742  has  i ts   upper  end  communicated 

with  the  annular   cavi ty   714  and  forms  a  por t ion   of  the  second 

p ressure   conducting  passage  means  642. 

A  f i l l e r   port  744  is  disposed  through  third  middle  a d a p t o r  

618  and  communicated  with  annular  cavi ty   742.  F i l l e r   port  744  i s  

closed  by  a  sealed  threaded  plug  746.  

The  blank  adaptor  738  is  th readedly   connected  at  t h r e a d e d  

connect ion  748  to  the  upper  end  of  a  lower  inner  mandrel  750  w i t h  

a  seal  being  provided  therebetween  by  O-ring  seal  752. 

The  lower  inner  mandrel  750  has  a  lower  por t ion   t h e r e o f  

c lose ly   received  within  an  upper  bore  754  of  lower  adaptor  622 

with  a  seal  being  provided  therebetween  by  O-ring  seal  means  756. 

An  upper  end  758  of  blank  c a r t r i d g e   738  abuts  a  lower  end  760 

of  th i rd   middle  adaptor  618.  An  annular  O-ring  seal  762  s e a l s  

between  the  outer   sur face   of  blank  adaptor  738  and  an  i n n e r  

c y l i n d r i c a l   surface   764  of  r e t a r d i n g   shoe  housing  sec t ion   620. 



Blank  c a r t r i d g e   738  has  a  blank  c a r t r i d g e   passageway  766 

disposed  t he re th rough .   The  passageway  766  is  cons t ruc t ed   so  t h a t  

it  has  an  enlarged  counterbore   768  at  its  upper  end  which  i s  

cons t ruc ted   so  that   it  could  receive  a  f lu id   r e s t r i c t o r   s i m i l a r  

to  the  f lu id   r e s t r i c t o r   262  shown  in  FIG.  2E.  N e v e r t h e l e s s ,   in 

the  p re fe r r ed   arrangement  of  the  present   embodiment,  there  is  no 

f lu id   r e s t r i c t o r   in  the  blank  c a r t r i d g e   738  and  i ts   c a r t r i d g e  

passageway  766  merely  serves  as  an  u n r e s t r i c t e d   flow  passage  o f  

the  second  pressure   conducting  passage  means  642,  and  is  com- 

municated  at  i ts  upper  end  with  the  i r r e g u l a r   annular  cavi ty   742.  

The  blank  c a r t r i d g e   738,  however,  does  provide  the  option  o f  

adding  a  f lu id   r e s t r i c t o r   to  the  t e s t e r   valve  32C  to  supplement  

the  action  of  the  annular  s l i d ing   shoe  r e t a r d i n g   means  676  which 

is  fu r the r   d iscussed  below. 

An  annular  cavi ty  770  is  defined  between  the  lower  i n n e r  

mandrel  750  and  r e t a rd ing   shoe  housing  sec t ion   620  and  forms  a 

part   of  the  second  pressure   conducting  passage  means  642.  

The  annular   s l id ing   shoe  r e t a rd ing   means  676  is  r e c e i v e d  

within  the  annular  cavity  770.  Annular  s l i d ing   shoe  r e t a r d i n g  

means  676  provides  a  means  for  delaying  communication  of  a  s u f -  

f i c i e n t   por t ion   of  an  increase   in  well  annulus  p ressure   to  t he  

second  side  144  of  power  p is ton  140  for  a  s u f f i c i e n t   time  t o  

allow  a  pressure   d i f f e r e n t i a l   from  the  f i r s t   side  142  to  t he  

second  side  144  of  power  p is ton  140  to  move  power  p is ton  140  from 

a  f i r s t   pos i t i on   to  a  second  pos i t i on   r e l a t i v e   to  the  t o o l  

housing  54. 



The  annular  s l id ing   shoe  r e t a rd ing   means  676  is  an  a n n u l a r  

f l o a t i n g   shoe  which  is  received  within  the  annular  cavi ty  770.  

It  includes  an  inner  r e s i l i e n t   f r i c t i o n   means  772  comprised  o f  

eight   O-rings  772  which  snugly  and  s l i d i n g l y   engage  an  o u t e r  

c y l i n d r i c a l   surface   774  of  lower  inner  mandrel  750. 

The  annular  s l i d ing   shoe  r e t a r d i n g   means  676  also  i n c l u d e s  

outer   r e s i l i e n t   f r i c t i o n   means  776  comprised  of  two  O - r i n g s  

snugly  and  s l i d i n g l y   engaging  an  inner  c y l i n d r i c a l   surface  778  o f  

r e t a r d i n g   shoe  housing  sec t ion   620. 

The  annular   s l i d ing   shoe  r e t a r d i n g   means  676  serves  the  same 

func t ion   as  the  metering  c a r t r i d g e   type  of  r e t a r d i n g   means  244 

p rev ious ly   descr ibed   with  regard  to  the  t e s t e r   valve  32A  of  FIGS. 

2A-2E.  The  annular   s l i d ing   shoe  r e t a r d i n g   means  676  provides  a 

time  delay  in  the  communication  of  an  increase   or  decrease  in  

well  annulus  p ressure   to  the  second  side  144  of  power  p is ton  140. 

This  is  accomplished  in  the  fol lowing  manner.  

Although  f l o a t i n g  s h o e s   are  used  in  a  large  number  o f  

dev ices ,   those  f l o a t i n g   shoes  are  gene ra l ly   used  for  the  purpose  

of  d iv id ing   two  f lu ids   in  a  f lu id   passageway.  Examples  of  such 

t yp i ca l   s l i d ing   shoes  would  be  the  f l o a t i n g   shoe  238  shown  in  

FIG.  2E  which  has  only  a  s ingle   r e s i l i e n t   seal  on  i ts   inside  and 

ou t s ide ,   and  also  the  i n t e rmed ia t e   s l i d ing   shoe  720  i l l u s t r a t e d  

in  FIG.  5E  which  has  two  inner  O-ring  seals   and  two  outer   O - r i n g  

s ea l s .   In  these  t yp i ca l   types  of  annular   f l o a t i n g   shoes  which 

are  found  throughout   the  p r io r   a r t ,   the  seals   on  the  inner  and 

outer   sur faces   of  the  annular   shoe  are  merely  for  the  purpose   o f  



providing  a  s l id ing   seal  between  the  annular  shoe  and  the  two 

c y l i n d r i c a l   sur faces   defining  the  annular  cavity  in  which  i t  

s l i d e s .   Although  there  is  of  course  some  f r i c t i o n   between  such 

an  annular  shoe  and  the  c y l i n d r i c a l   walls  def ining  the  a n n u l a r  

cavity  in  which  it  f i t s ,   that  f r i c t i o n   is  minimal  and  there  is  no 

s i g n i f i c a n t   time  delay  in  the  t ransmiss ion   of  f luid  p r e s s u r e  

across  the  annular  shoe.  

The  annular  f l oa t i ng   shoe  re ta rd ing   means  676  of  the  p r e s e n t  

invent ion ,   on  the  other  hand,  has  a  large  number  of  O-ring  s e a l s  

772  seal ing  with  the  lower  inner  mandrel  750,  which  number  i s  

g rea t ly   in  excess  of  the  number  needed  to  provide  a  s a t i s f a c t o r y  

seal  with  that   lower  inner  mandrel  750. 

Typ ica l ly ,   no  more  than  two  O-rings  such  as  the  outer  0 - r i n g s  

776  are  needed  to  provide  a  s a t i s f a c t o r y   seal  between  an  a n n u l a r  

f l oa t i ng   shoe  and  a  c y l i n d r i c a l   member  which  it  engages .  

Thus,  those  0 - r ings   772  on  the  inside  of  annular  f l o a t i n g  

shoe  r e t a rd ing   means  676  in  excess  of  two  O-rings,   are  p r o v i d e d  

for  the  purpose  of  increas ing   the  f r i c t i o n a l   r e s i s t a n c e   to  move- 

ment  of  the  annular  f l oa t i ng   shoe  676  r e l a t i v e   to  the  lower  i n n e r  

mandrel  750.  

By  varying  the  number  and  the  t i gh tnes s   of  the  inner  O - r i n g s  

772,  the  amount  of  time  delay  provided  by  the  annular  f l o a t i n g  

shoe  r e t a rd ing   means  676  can  be  v a r i e d .  

With  regard  to  t r ansmiss ion   of  increases   in  annulus  f l u i d  

p res su re ,   the  annular  f l oa t i ng   shoe  r e t a rd ing   means  676  f u n c t i o n s  

very  much  like  the  metering  c a r t r i dge   244  p rev ious ly   d e s c r i b e d  



with  regard  to  the  embodiments  of  FIGS.  2A-2E. 

Also,  as  is  f u r t he r   expla ined  below,  the  annular  f l o a t i n g  

shoe  r e t a rd ing   means  676  a d d i t i o n a l l y   funct ions   in  much  the  same 

manner  as  the  back  pressure   check  valve  means  516  of  FIG.  4C,  in 

that   it  prevents   a  c e r t a in   por t ion   of  the  increase   or  decrease   in 

annulus  f lu id   p ressure   from  ever  being  communicated  to  the  second 

side  144  of  power  p is ton  140. 

When  an  increase   in  annulus  f lu id   pressure   is  applied  to  t h e  

annulus  f lu id   in  the  well  annulus  42,  that   increase   is  communi- 

cated  through  balancing  port  644  to  a  lower  side  780  of  a n n u l a r  

f l o a t i n g   shoe  r e t a rd ing   means  676.  Due,  however,  to  the  f r i c -  

t iona l   engagement  of  the  mul t i tude   of  inner  O-rings  772  with  the  

lower  inner  mandrel  750,  the  annular   f l o a t i n g   shoe  r e t a r d i n g  

means  676  does  not  immediately  move  upward  so  as  to  t ransmi t   t h a t  

increase   in  f lu id   p ressure   to  the  f lu id   above  it  in  a n n u l a r  

cavi ty  770.  Ins tead ,   that   movement  occurs  slowly  thus  p r o v i d i n g  

a  time  delay  in  the  t r ansmis s ion   of  that  increase   in  annu lus  

f lu id   p ressure   to  the  second  side  144  of  power  p is ton  140. 

Also,  jus t   l ike  the  metering  c a r t r i d g e   type  of  r e t a r d i n g  

means  244  of  FIGS.  2A-2E,  the  annular   f l o a t i n g   shoe  r e t a r d i n g  

means  676  allows  an  a d d i t i o n a l   po r t ion   of  the  increase   in  w e l l  

annulus  p ressure   to  be  communicated  to  the  second  side  144  o f  

power  p is ton   140  a f t e r   the  power  p i s ton   140  moves  to  i ts   second 

p o s i t i o n .   This  occurs  because  the  power  p is ton  140  moves  to  i t s  

second  p o s i t i o n   much  quicker   than  the  annular   f l o a t i n g   shoe 

r e t a r d i n g   means  676  can  move  in  response  to  the  increase   in  w e l l  



annulus  pressure .   Thus,  a f t e r   the  power  piston  140  moves  to  i t s  

second  pos i t i on ,   the  annular  f l o a t i n g   piston  r e t a rd ing   means  676 

continues  to  move  upward  due  to  the  upward  pressure  d i f f e r e n t i a l  

t he reac ross   un t i l   that  upward  pressure   d i f f e r e n t i a l   becomes  too  

small  to  overcome  the  f r i c t i o n a l   r e s i s t a n c e   of  the  inner  O - r i n g s  

772. 

Since  the  en t i r e   increase   in  well  annulus  pressure   is  never  

communicated  to  second  side  144  of  power  piston  140,  a  downward 

pressure   d i f f e r e n t i a l   will   be  maintained  across  power  p is ton  140 

so  long  as  the  increase   in  well  annulus  pressure  is  maintained  on 

the  well  annulus  42.  This  downward  d i f f e r e n t i a l   is  equal  to  t he  

d i f f e r e n t i a l   required  across  annular  f loa t ing   shoe  r e t a r d i n g  

means  676  to  overcome  the  f r i c t i o n a l   r e s i s t a n c e   of  the  i n n e r  

O-rings  772. 

This  downward  pressure   d i f f e r e n t i a l ,   plus  the  holding  f o r c e  

of  r e l ea sab l e   holding  means  600  are  g rea te r   than  the  upward 

biasing  force  of  coil   spring  656  and  thus  w i l l . a c t   toge ther   t o  

hold  power  pis ton  140  in  i ts  second  p o s i t i o n .  

Operation  of  the  Embodiment of  FIGS.  SA-SG 

The  manner  of  opera t ion   of  the  t e s t e r   valve  32C  of  FIGS. 

5A-5G  is  genera l ly   as  f o l l o w s .  

The  t e s t e r   valve  32C  is  i n i t i a l l y   or iented  as  i l l u s t r a t e d   i n  

FIGS.  5A-5G  and  is  made  up  in  the  t e s t i ng   s t r ing   28  in  the  p o s i -  

t ion  des ignated   by  the  numeral  32  in  FIG.  1. 

The  t e s t e r   valve  32C  is  run  down  into  the  well  defined  by 



well  casing  16  with  the  ball   valve  means  90  in  i ts   closed  p o s i -  

tion  c los ing   the  flow  passage  92  of  the  t e s t e r   valve  32C,  and 

with  the  power  p is ton   140  in  i ts  f i r s t   pos i t i on   i l l u s t r a t e d   in  

FIG.  5C. 

The  r e s i l i e n t   b ias ing  means  656  biases   the  power  p is ton  140 

towards  i t s   f i r s t   p o s i t i o n .  

As  the  t e s t e r   valve  32C  is  run  into  the  well,   the  increase   in  

h y d r o s t a t i c   p re s su re   in  the  well  annulus  f lu id   with  i n c r e a s i n g  

depth  is  s u f f i c i e n t l y   balanced  across  the  power  p is ton  140  so 

that   a  p ressure   d i f f e r e n t i a l   from  the  f i r s t   side  142  to  t he  

second  side  144  of  power  p is ton  140  is  never  s u f f i c i e n t   to  o v e r -  

come  the  r e s i l i e n t   b ias ing  means  656  and  premature ly   move  t h e  

power  p i s ton   140  to  i ts   second  p o s i t i o n .   This  balancing  i s  

accomplished  by  means  of  the  one-way  check  valve  704  which  a l l ows  

f lu id   flow  and  thus  p ressure   t r a n s f e r   through  the  second  p r e s s u r e  

conduct ing  passage  means  642  from  the  balancing  port  644  to  t he  

second  side  144  of  power  p is ton  140. 

When  the  t e s t e r   valve  32C  is  located  in  the  pos i t i on   d e s i g -  

nated  by  the  numeral  32  in  FIG.  1,  the  packer  means  44  of  the  

t e s t i n g   s t r i n g   is  28  is  set  aga ins t   the  well  casing  16  t o  

s epa ra t e   the  well  annulus  42  into  an  upper  por t ion   located  above 

the  packer  means  44  and  a  lower  por t ion   48  located  below  the  

packer  means  44.  

Both  power  port   162  and  the  balancing  port  644,  and  the  f i r s t  

and  second  p ressure   conducting  passage  means  160  and  642,  a r e  

communicated  with  the  upper  por t ion   of  well  annulus  42  above  t he  



packer  means  44. 

The  cen t ra l   bore  flow  passage  92  of  the  t e s t e r   valve  32C  i s  

communicated  with  the  lower  port ion  48  of  well  annulus  42  below 

the  packer  means  44. 

After  the  packer  means  44  has  been  set ,   an  increase   in  annu- 

lus  f lu id   pressure  is  applied  to  the  annulus  f lu id   in  the  upper  

por t ion   of  well  annulus  42  of  packer  means  44.  

This  increase   in  annulus  f luid  pressure   is  s u b s t a n t i a l l y  

immediately  communicated  to  the  f i r s t   side  142  of  power  p i s t o n  

140  through  the  f i r s t   pressure   conducting  passage  means  160. 

The  increase  in  annulus  f luid  pressure   is  not  immedia te ly  

communicated  to  the  second  side  144  of  power  p is ton  140,  however,  

because  of  the  time  delay  action  provided  by  the  annular   f l o a t i n g  

shoe  r e t a rd ing   means  676.  The  annular  f l o a t i n g   shoe  r e t a r d i n g  

means  676  delays  communication  of  a  s u f f i c i e n t   por t ion   of  t he  

increase   in  annulus  f luid  pressure   to  the  second  side  144  o f  

power  pis ton  140  for  a  s u f f i c i e n t   time  to  allow  a  pressure   d i f -  

f e r e n t i a l   from  the  f i r s t   side  142  to  the  second  side  144  of  power 

p is ton  140  to  move  the  power  pis ton  140  to  i ts   second  p o s i t i o n .  

This  delaying  is  accomplished  by  means  of  the  inner  O-rings  772 

of  annular  f l oa t ing   shoe  r e t a rd ing   means  676  which  f r i c t i o n a l l y  

re ta rd   movement  of  the  annular  f l o a t i n g   shoe  r e t a rd ing   means  676 

due  to  the i r   snug  engagement  with  the  outer  c y l i n d r i c a l   s u r f a c e  

774  of  lower  inner  mandrel  750. 

Thus  a  downward  pressure   d i f f e r e n t i a l   is  created  across  t h e  

power  p is ton  140,  and  also  across  the  pressure   r e l i e f   means  688. 



This  downward  pressure   d i f f e r e n t i a l   across  the  p r e s s u r e  

r e l i e f   p is ton  means  688  causes  the  pressure   r e l i e f   means  688  t o  

move  downward  to  an  open  pos i t i on   overcoming  the  biasing  e f f e c t  

of  spring  698.  This  downward  movement  is  allowed  due  to  the  com- 

p r e s s i b i l i t y   of  the  s i l i c o n e   oil  in  the  second  pressure   con- 

ducting  passage  means  642  below  the  pressure   r e l i e f   pis ton  means 

688.  

When  the  p ressure   r e l i e f   p i s ton   means  688  moves  downward  i t  

opens  the  p ressure   r e l i e f   port  678. 

This  allows  the  power  p is ton  140  to  move  downward  from  i t s  

f i r s t   p o s i t i o n   to  i ts   second  p o s i t i o n   r e l i e v i n g   f luid  from  the  

second  p ressure   conducting  passage  means  642  through  the  r e l i e f  

port   6 7 8 ,  t h e   l o n g i t u d i n a l   groove  680,  and  the  dump  passage  686 

into  the  dump  zone  92.  The  volume  of  f lu id   r e l i eved   is  s u f -  

f i c i e n t   to  permit  the  power  p is ton   140  to  t rave l   to  i ts   second 

p o s i t i o n   and  is  equal  to  the  d i sp lacement   of  the  power  p is ton  in  

moving  from  i ts   f i r s t   to  i ts  second  p o s i t i o n .  

When  the  power  p is ton   140  moves  from  i ts   f i r s t   pos i t i on   t o  

i ts   second  p o s i t i o n   i ts   moves  the  bal l   valve  means  90  from  the  

closed  p o s i t i o n   i l l u s t r a t e d   in  FIG.  5A  to  an  open  p o s i t i o n  

wherein  the  bore  94  of  ball   108  is  in  alignment  with  the  f low 

passage  c en t r a l   bore  92  of  the  t e s t e r   valve  32C. 

When  the  power  p is ton   140  reaches  i ts   second  p o s i t i o n ,   t he  

holding  pin  is  biased  by  pin  b ias ing   means  610  into  engagement 

with  the  i n d e n t a t i o n   602  of  the  opera t ing   mandrel  124  t h e r e b y  

r e l e a s a b l y   holding  the  power  p is ton  140  in  i ts  second  p o s i t i o n .  



With  the  embodiment  of  FIGS.  5A-5G,.however,  it  is  n e c e s s a r y  

that  the  increase  in  annulus  f lu id   pressure   applied  to  the  we l l  

annulus  42  be  maintained  in  order  to  hold  the  power  p is ton  140  in  

i ts   second  pos i t ion   and  hold  the  bal l   valve  means  190  in  i ts  open 

p o s i t i o n .  

There  are  two  forces  which  act  together   to  hold  the  power 

p is ton  140  in  this   second  p o s i t i o n .   The  f i r s t   is  the  engagement 

of  the  holding  pin  604  with  the  i nden ta t ion   602.  The  second  is  a 

cont inuing  downward  pressure   d i f f e r e n t i a l   across  power  p is ton  140 

which  occurs  because  of  the  fact   that   the  annular  f l oa t ing   shoe 

r e t a rd ing   means  676  never  completely  communicates  all   of  t he  

increase  in  annulus  pressure   to  the  second  side  144  of  power 

p is ton  140. 

Due  to  the  f r i c t i o n a l   engagement  of  annular  f loa t ing   shoe 

r e t a rd ing   means  676  with  the  lower  inner  mandrel  750,  the  a n n u l a r  

f l oa t i ng   shoe  r e t a rd ing   means  678  func t ions   much  like  the  back 

pressure   check  valve  means  516  of  FIG.  4C  in  that  it  pe rmanen t ly  

prevents   a  por t ion   of  the  increase   in  annulus  f luid  pressure   from 

reaching  the  second  side  144  of  power  p is ton  140.  The  amount  o f  

pressure   which  cannot  be  communicated  across  annular  f l o a t i n g  

pis ton  r e t a rd ing   means  676,  causes  a  pressure   d i f f e r e n t i a l   o f  

that   same  amount  downward  across  power  pis ton  140.  This  downward 

pressure   d i f f e r e n t i a l ,   plus  the  force  required  to  disengage  t he  

holding  pin  604  is  s u f f i c i e n t   to  prevent   the  r e s i l i e n t   b i a s i n g  

means  656  from  overcoming  the  force  of  the  holding  pin  604 

engaging  i nden ta t ion   602  to  move  the  power  p is ton  140  back  to  i t s  



f i r s t   p o s i t i o n .  

In  order  to  move  the  power  p is ton  140  back  to  i ts   f i r s t   p o s i -  

t ion,   the  increase   in  annulus  p ressure   must  be  decreased  so  as  t o  

e l imina te   the  downward  pressure   d i f f e r e n t i a l   across  power  p i s t o n  

140,  then  the  r e s i l i e n t   b ias ing  means  656  overcomes  the  r e l e a s -  

able  holding  force  of  the  holding  pin  604  engaging  i n d e n t a t i o n  

602,  thus  d isengaging  holding  pin  604  from  i n d e n t a t i o n   602  and 

moving  power  p is ton  140  back  to  i ts   upper  f i r s t   p o s i t i o n   and 

moving  bal l   valve  means  90  to  i ts   closed  p o s i t i o n .  

When  the  power  p i s ton   140  moves  back  upward  to  i ts   f i r s t  

p o s i t i o n ,   f lu id   flows  through  check  valve  means  704  into  t h e  

annular  cavi ty  654  to  replace   the  f lu id   which  was  los t   on  t he  

downward  s troke  of  the  power  p is ton  140. 

If  the  i n t e rmed ia t e   f l o a t i n g   shoe  720  is  not  used,  the  number 

of  times  which  the  t e s t e r   valve  32C  can  be  cycled  between  t h e  

open  and  closed  p o s i t i o n s   of  the  ball   valve  means  90  is  dependen t  

upon  the  volume  of  f lu id   within  annular  cavi ty  770  which  can  be 

d i sp laced   as  the  annular  f l o a t i n g   shoe  r e t a rd ing   means  676  moves 

upward  in  the  annular  cavi ty   770.  When  the  upper  end  of  a n n u l a r  

f l o a t i n g   shoe  r e t a r d i n g   means  676  engages  the  lower  end  of  b l ank  

c a r t r i d g e   738,  the  t e s t e r   valve  32C  must  be  removed  from  the  w e l l  

and  the  annular  cavi ty   770  r e f i l l e d   with  f l u i d .  

Sometimes  it  may  be  des i red   to  u t i l i z e   the  i n t e r m e d i a t e  

f l o a t i n g   shoe  720  and  f i l l   the  second  pressure   conducting  p a s s a g e  

means  642  with  s i l i c o n e   oil  above  i n t e rmed ia te   f l o a t i n g   shoe  720 

and  a  non-compress ib le   oil   between  in t e rmed ia te   f l o a t i n g   shoe  720 



and  annular  f l oa t ing   shoe  r e t a r d i n g   means  676.  Such  a  s i t u a t i o n  

might  a r i se   if  a  f lu id   r e s t r i c t o r   were  used in   blank  c a r t r i d g e  

738  and  there  was  a  problem  of  foaming  of  the  s i l i c o n e   o i l .  

If  i n t e rmedia te   f l o a t i n g   shoe  720  is  u t i l i z e d ,   then  t h e  

number  of  times  which  t h e  t e s t e r   valve  32  can  be  cycled  between 

the  open  and  closed  pos i t i ons   of  the  ball   valve  means  90  i s  

dependent  upon  the  volume  of  f lu id   e i t h e r   in  annular  cavi ty  714 

above  in te rmedia te   f l o a t i n g   shoe  720  or  in  annular  cavi ty  770 

above  annular   f l oa t i ng   shoe  r e t a rd ing   means  676,  whichever  i s  

l e s s e r .  

As  p rev ious ly   mentioned  with  regard  to  the  other  embodiments,  

the  f lu id   in  the  second  pressure   conducting  passage means  above 

the  annular  f l oa t i ng   shoe  r e t a rd ing   means  676  is  p r e fe rab ly   s i l i -  

cone  o i l .   The  s l i g h t   c o m p r e s s i b i l i t y   of  the  s i l i c o n e   oil  a l l ows  

the  pressure   r e l i e f   p is ton  means  688  to  move  downward  to  i ts  open 

p o s i t i o n .   The  s i l i c o n e   oil  is  not  compressible   enough,  however,  

to  allow  the  power  p is ton  140  to  move  downward,  without  having 

the  oil  r e l i eved   to  the  dump  zone  92. 

The  Embodiment  of  FIGS.  6A-6E,  7  and  8 

Referr ing  now  to  FIG.  6A-6E,  a  fourth  embodiment  of  t he  

t e s t e r   valve  of  the  present   invent ion  is  shown  and  g e n e r a l l y  

des ignated   by  the  numeral  32D.  Those  por t ions   of  the  t e s t e r  

valve  32D  from  the  upper  adaptor  56  down  to  the  about  the  l e v e l  

of  the  power  p is ton  140  are  i d e n t i c a l   or  s u b s t a n t i t a l l y   s i m i l a r  

to  the  analogous  components  of  the  t e s t e r   valve  32A  shown  in  



FIGS.  2A-2C,  and  those  i d e n t i c a l   or  s u b s t a n t i a l l y   s imi l a r   com- 

ponents  are  des ignated  by  the  same  numerals  as  used  in  FIGS. 

2A-2C.  The  de t a i l ed   d e s c r i p t i o n   of  those  i d e n t i c a l   or  s u b s t a n -  

t i a l l y   s imi la r   components  will  not  be  r e p e a t e d .  

The  tool  housing  54  of  t e s t e r   valve  32D  includes   the  upper  

adaptor  56,  the  valve  housing  sec t ion   58,  the  f i r s t   middle  adap-  

tor  60,  a  power  and  r e l i e f   housing  sec t ion   800,  a  second  middle  

adaptor   802,  a  c a r t r i d g e   housing  sec t ion   804  and  a  lower  a d a p t o r  

806.  

The  power  and  r e l i e f   housing  sec t ion   800  is  t h readed ly   con-  

nected  to  f i r s t   middle  adaptor  60  at  threaded  connect ion  76  and  a 

seal  is  provided  therebetween  by  O-ring  78.  

The  second  middle  adaptor  802  is  th readed ly   connected  t o  

power  and  r e l i e f   sec t ion   800  at  threaded  connect ion  808  and  a 

seal  is  provided  therebetween  by  double  O-ring  seal  means  810. 

The  c a r t r i d g e   housing  sec t ion   804  is  th readedly   connected  t o  

the  lower  end  of  second  middle  adaptor  802  at  threaded  c o n n e c t i o n  

812  and  a  seal  is  provided  therebetween  by double  O-ring  s e a l  

means  814.  

The  lower  adaptor  806  is  th readed ly   connected  to  c a r t r i d g e  

housing  sec t ion   804  at  threaded  connect ion  816.  

The  f i r s t   p ressure   conducting  passage  means  160  inc luding   t h e  

power  port   162  and  the  annular  cavi ty   164  is  s u b s t a n t i a l l y   i d e n -  

t i c a l   to  the  f i r s t   p ressure   conducting  passage  means  160  p r e -  

v iously   descr ibed   with  regard  to  the  embodiment  of  FIGS.  2A-2D. 

A  second  p ressure   conducting  passage  means  818  includes   a 



balancing  port  820  and  a  number  of  other  passageways  communi- 

cat ing  the  well  annulus  42  with  the  second  side  144  of  power 

p is ton   140.  Those  other  passageways  are  described  in  more  d e t a i l  

below. 

The  second  middle  adaptor  802  has  an  upper  end  of  a  lower 

inner  mandrel  822  threadedly   at tached  there to   at  824  with  a  s e a l  

means  being  provided  therebetween  by  0-r ing  seal ing  means  826. 

Lower  inner  mandrel  822  has  a  lower  end  por t ion  c losely   and 

s e a l i n g l y   received  within  an  upper  bore  823  of  lower  adaptor  806 

with  a  seal  being  provided  therebetween  by  O-ring  seal  means 

825. 

The  lower  inner  mandrel  822  has  an  enlarged  diameter  o u t e r  

c y l i n d r i c a l   surface  828  at  an  in te rmedia te   port ion  the reof .   A 

metering  c a r t r i d g e   830  is  c losely  received  about  surface  828  and 

held  in  place  r e l a t i v e   to  the  lower  inner  mandrel  822  by  a 

threaded  c o l l a r   832  connected  at  threaded  connection  834  to  lower 

inner  mandrel  822.  The  threaded  co l l a r   832  holds  the  me te r ing  

c a r t r i d g e   in  place  agains t   a  r a d i a l l y   outwardly  ledge  836  at  the  

upper  end  of  enlarged  diameter  surface  828. 

Inner  and  outer  O-ring  seals  831  and  833  seal  between 

metering  c a r t r i d g e   830  and  lower  inner  mandrel  822  and  c a r t r i d g e  

housing  sec t ion   804,  r e s p e c t i v e l y .  

The  metering  c a r t r i d g e   830 has  a  c a r t r i d g e   passageway 838 

d i sc losed   there through   which  forms  a  por t ion   of  the  second 

pressure   conducting  passage  means  818. 

A  f lu id   r e s t r i c t o r   840,  having  a  reduced  diameter  f luid  o r i -  



fice  (not  shown)  located  the re in   is  disposed  in  c a r t r i d g e  

passageway  838.  

The  metering  c a r t r i d g e   830  may  be  descr ibed  as  a  r e t a r d i n g  

means  830  disposed  in  the  second  p ressure   conducting  p a s s a g e  

means  818  for  delaying  communication  of  a  s u f f i c i e n t   por t ion   o f  

an  increase   in  well  annulus  p ressure   to  the  second  side  144  o f  

power  p is ton   140  for  a  s u f f i c i e n t   time  to  allow  a  pressure   d i f -  

f e r e n t i a l   from  the  f i r s t   side  142  to  the  second  side  144  of  power 

p is ton   140  to  move  said  power  p i s ton   140  from  a  f i r s t   pos i t i on   t o  

a  second  p o s i t i o n   r e l a t i v e   to  the  housing  54. 

An  annular  cavi ty  840  is  def ined  between  the  lower  i n n e r  

mandrel  822  and  the  c a r t r i d g e   housing  sec t ion   804  below  the  

.metering  c a r t r i d g e   830.  Annular  cavi ty   840  is  communicated  w i t h  

balancing  port  820.  

An  annular   cavi ty   842  is  def ined  between  lower  inner  mandrel  

822  and  c a r t r i d g e   housing  sec t ion   804  above  the  m e t e r i n g  

c a r t r i d g e   830. 

The  c a r t r i d g e   passageway  838  disposed  through  m e t e r i n g  

c a r t r i d g e   830  communicates  the  annular   c a v i t i e s   840  and  842,  a l l  

of  which  form  a  por t ion   of  the  second  p ressure   conducting  pa s sage  

means  818.  

An  annular   f l o a t i n g   shoe  844  is  disposed  in  annular  c a v i t y  

840  and  it  has  inner  and  outer  seals   846  and  848,  r e s p e c t i v e l y ,  

s l i d i n g l y   s e a l i n g l y   engaging  lower  inner  mandrel  822  and 

c a r t r i d g e   housing  sec t ion   804,  r e s p e c t i v e l y .   The  a n n u l a r  

f l o a t i n g   shoe  844  merely  serves  to  s epa ra te   the  f luid  from  we l l  



annulus  42  which  enters   balancing  port  820  from  the  s i l i c o n e   o i l  

or  other  working  f luid  contained  in  the  annular  cavi ty  840. 

The  primary  d i f f e r ence   between  the  t e s t e r   valve  32D  of  FIGS. 

6A-6E,  and  the  other  embodiments  p rev ious ly   d i scussed ,   is  in  t h e  

c o n s t r u c t i o n   of  the  pressure   r e l i e f   means  and  the  run-in  b a l a n c e  

means.  The  three  embodiments  p rev ious ly   discussed  all   included  a 

pressure   r e l i e f   means  including  a  spring  biased  pressure   r e l i e f  

p is ton  which  moved  between  closed  and  open  pos i t i ons   to  close  and 

open  a  r e l i e f   port  d i r ec ted   to  a  dump  zone.  Thus  those  p r e s s u r e  

r e l i e f   means  were  h y d r a u l i c a l l y   ac tuated  by  a  pressure   d i f f e r e n -  

t i a l   across  the  pressure   r e l i e f   p i s t o n .  

The  embodiment  of  FIGS.  6A-6E,  on the  other  hand,  includes  a 

p o s i t i v e l y   mechanical ly   ac tuated  pressure   r e l i e f   means,  which  i s  

f u r t he r   descr ibed  below. 

An  opera t ing   mandrel  850  extends  downward  from  power  p i s t o n  

140  and  has  i ts  lower  end  c lose ly   and  s l i dab ly   received  in  an 

upper  counter  bore  852  of  second  middle  adaptor  802.  A  s l i d i n g  

seal  means  is  provided  therebetween  by  O-ring  854. 

Operating  mandrel  850  has  a  reduced  diameter  outer  c y l i n d r i -  

cal  surface  856  defined  on  a  lower  por t ion   t h e r e o f .  

A  r a t che t   mandrel  858  is  c losely   and  r o t a t a b l y   received  about  

outer  surface  856.  Ratchet  mandrel  858  is  held  in  place  r e l a t i v e  

to  opera t ing   mandrel  850  by  a  locking  ring  859  which  f i t s   in  an 

annular  groove  861  disposed  in  the  outer  surface  of  o p e r a t i n g  

mandrel  850  immediately  below  the  lower  end  863  of  r a t c h e t  

mandrel  858. 



A  dump  mandrel  860  is  c o n c e n t r i c a l l y   disposed  between  r a t c h e t  

mandrel  858  and  power  and  r e l i e f   housing  sec t ion   800.  The  lower 

end  862  of  dump  mandrel  860  abuts  an  upper  end  864  of  second 

middle  adaptor  802. 

A  r e s i l i e n t   b ias ing  means  866,  which  is  a  coil   compress ion  

spring  866,  is  o p e r a t i v e l y   a s soc i a t ed   with  power  pis ton  140  f o r  

b ias ing   the  power  p is ton  140  toward  i ts  f i r s t   p o s i t i o n .   Co i l  

compression  spring  866  has  an  upper  end  868  which  engages  second 

side  144  of  power  p is ton  140,  and  has  a  lower  end  870  which 

engages  an  upper  end  872  of  dump  mandrel  860. 

An  annular  cavi ty   874  is  defined  between  dump  mandrel  860  and 

power  and  r e l i e f   housing  sec t ion   800,  and  forms  a  part  of  second 

pressure   conducting  passage  means  818.  

A  l o n g i t u d i n a l   bore  876  disposed  through  the  length  of  second 

middle  adaptor   802  communicates  annular   cavi ty   874  with  a n n u l a r  

cavi ty   842.  

An  annular   cavi ty   878  is  defined  between  opera t ing   mandre l  

850  and  p ressure   and  r e l i e f   housing  s ec t ion   800  above  the  dump 

mandrel  860.  Annular  cavi ty   878  forms  a  part   of  second  p r e s s u r e  

conducting  passage  means  818  and  is  communicated  with  a n n u l a r  

cavi ty   874  and  with  the  second  side  144  of  power  pis ton  140. 

The  opera t ing   mandrel  850,  r a t c h e t   mandrel  858,  and  dump 

mandrel  860  are  cons t ruc t ed   to  provide  a  p ressure   r e l i e f   means 

880.  The  p ressure   r e l i e f   means  880.  is  communicated  with  t h e  

f i r s t   por t ion   of  second  p ressure   conducting  passage  means  818. 

The  f i r s t   por t ion   of  second  p ressure   conducting  means  818  i s  



defined  as  the  por t ion   between  the  second  side  144  of  power 

pis ton  140  and  the  r e t a r d i n g   means  830.  Pressure  r e l i e f   means 

880  is  a  means  for  r e l i e v i n g   from  said  f i r s t   port ion  of  second 

pressure   conducting  passage  means  818  a  volume  of  f luid  s u f -  

f i c i e n t   to  permit  power  p is ton  140  to  t rave l   to  i ts  second  p o s i -  

t i o n .  

As  with  the  other  embodiments  p rev ious ly   d iscussed ,   a  c e n t r a l  

bore  92  of  the  t e s t e r   valve  32D  also  funct ions   as  a  f luid  dump 

zone  92 .  

A  f luid  dump  passage  means  882  communicates  the  a n n u l a r  

cavi ty  874  of  second  pressure   conducting  passage  means  818  w i t h  

the  f luid  dump  zone  92  in  fol lowing  manner.  

The  f luid  dump  passage  means  882  includes  a  f i r s t   r ad ia l   p o r t  

884  disposed  through  dump  mandrel  860. 

Fluid  dump  passage  means  882  also  includes  a  f i r s t   flow  space 

886  defined  between  dump  mandrel  860  and  r a t che t   mandrel  858  and 

communicated  with  f i r s t   port  884. 

Fluid  dump  passage  means  882  f u r t h e r   includes  a  second  p o r t  

888  disposed  through  r a t c h e t   mandrel  858  and  communicated  w i th  

f i r s t   flow  space  886.  

Also  included  in  f lu id   dump  passage  means  882  is  a  second 

flow  space  890  defined  between  r a t c h e t   mandrel  858  and  o p e r a t i n g  

mandrel  850,  said  second  flow  space  890  being  communicated  w i th  

said  second  port  888.  

F ina l ly ,   f lu id   dump  passage  means  882  includes  a  th i rd   p o r t  

892  disposed  through  opera t ing   mandrel  850  and  communicating  s a i d  



second  flow  space  890  with  the  cen t r a l   bore  dump  zone  92  o f  

opera t ing   mandrel  850. 

F i r s t   and  second  annular   seal  means  894  and  896  are  d i s p o s e d  

between  dump  mandrel  860  and  r a t c h e t   mandrel  on  oppos i te   sides  of  

both  said  f i r s t   and  second  ports   884  and  888.  

Third  and  four th   annular  seal  means  898  and  900  are  d i s p o s e d  

between  r a t c h e t   mandrel  858  and  opera t ing   mandrel  850  on  o p p o s i t e  

sides  of  th i rd   port  892. 

The  f i r s t   flow  space  886  is  divided  into  f i r s t   and  second 

par t s   902  and  904  by  an  annular  d iv ide r   seal  means  906  d i s p o s e d  

between  dump  mandrel  860  and  r a t c h e t   mandrel  858.  Said  f i r s t   and 

second  par ts   902  and  904  of  f i r s t   flow  space  886  are  communicated 

.with   f i r s t   port  884  and  second  port  888,  r e s p e c t i v e l y .  

Ratchet  mandrel  858  has  an  i n t e rmed ia t e   flow  passage  908 

disposed  t he re in   communicating  the  f i r s t   and  second  par t s   902  and 

904  of  the  f i r s t   flow  space  886. 

A  f l a p p e r - t y p e   check  valve  means  909  is  connected  to  t h e  

r a t che t   mandrel  858  covering  an  upper  end  of  i n t e rmed ia t e   f low 

passage  908  and  is  thus  disposed  between  the  second  part   904  o f  

f i r s t   flow  space  886  and  the  i n t e rmed ia t e   flow  passage  908,  f o r  

p reven t ing   f lu id   flow  from  the  second  part   904  of  f i r s t   f low 

space  886  backward  into  the  i n t e rmed ia t e   flow  passage  908.  

Flapper  check  valve  means  909  permits   flow  from  i n t e r m e d i a t e   f low 

passage  908  into  the  second  part   904  of  f i r s t   flow  space  886.  

The  check  valve  909  is  necessary  to  prevent  flow  of  f l u i d  

from  the  c en t r a l   bore  92  of  t e s t e r   valve  32D  into  the  i n t e r -  



mediate  passage  908  of  dump  passage  means  882  when  pressure   in  

the  c en t r a l   bore  92  of  the  t e s t e r   valve  32D  is  g rea t e r   than  t h e  

annulus  p res su re ,   such  as  for  example  is  the  case  during  an  a c i -  

dizing  or  f r a c t u r i n g  j o b   when  the  t es t ing   s t r ing   28  is  a c t u a l l y  

being  used  to  pump  l iqu ids   down  into  a  we l l  t o   t r e a t   the  w e l l .  

Pressure   r e l i e f   means  880  includes  a  f luid  dump  valve  910 

which  is  disposed  between  the  annular  cavity  874  of  second 

pressure   conducting  passage  means  818  and  the  f luid  dump  pas sage  

means  882. 

Fluid  dump  valve  910  is  a  f l appe r - type   valve  which  has  a 

f lapper   por t ion   914  movable  between  a  closed  pos i t ion   as  

i l l u s t r a t e d   i s o l a t i n g   annular  cavity  874  of  second  pressure   con-  

ducting  passage  means  818  from  the  f luid  dump  passage  means  882, 

and  an  open  p o s i t i o n   wherein  f lapper   port ion  914  is  moved 

r a d i a l l y   outward  to  allow  f luid  flow  from  annular  cavi ty  874  o f  

second  p ressure   conducting  passage  means  818  into  and  through  t h e  

f lu id   dump  passage  means  882. 

An  opera t ing   means  916,  ope ra t i ve ly   assoc ia ted   with  power 

p is ton   140  and  f lu id   dump  valve  910,  moves  the  f luid  dump  v a l v e  

910  to  i t s   open  pos i t i on   as  the  power  piston  140  s t a r t s   to  move 

from  i ts   said  f i r s t   pos i t i on   downward  toward  i ts   second  p o s i t i o n .  

Operating  means  916  also  is  a  means  for  holding  the  f lu id   dump 

valve  910  in  i ts   said  open  pos i t ion   unt i l   the  power  p is ton  140 

reaches  it  said  second  pos i t i on ,   and  then  operat ing  means  916 

re tu rns   the  f luid  dump  valve  910  to  i ts  said  closed  p o s i t i o n  

a f t e r   power  p is ton   140  reaches  i ts  said  second  p o s i t i o n .  



The  opera t ing   means  916  includes  a  sphe r i ca l   opera t ing   b a l l  

918  which  is  c lose ly   and  s l idab ly   received  in  the  f i r s t   port  884 

and  which  engages  a  r a d i a l l y   inner  surface  920  of  f l a p p e r - t y p e  

f lu id   dump  valve  910. 

Operat ing  means  916  f u r the r   includes  a  cam  means  922,  o p e r a -  

t i ve ly   a s s o c i a t e d   with  the  power  p is ton  140  for  movement  t h e r e -  

with,  for  camming  the  opera t ing   bal l   918  r a d i a l l y   outward  toward 

the  f l a p p e r - t y p e   f lu id   dump  valve  910  and  thereby  opening  t h e  

f l a p p e r - t y p e   f lu id   dump  valve  910  as  the  power  p is ton   140  s t a r t s  

to  move  from  i ts   said  f i r s t   pos i t i on   toward  i ts  said  second  p o s i -  

t i o n .  

The  cam  means  922  of  opera t ing   means  916  is  best  i l l u s t r a t e d  

in  FIG.  8  which  is  a  layed  out  view  thereof   taken  from  the  view- 

point   of  a  viewer  looking  r a d i a l l y   inward  toward  the  r a d i a l l y  

outer   surface   of  r a t c h e t   mandrel  858.  

The  cam  means  922  includes   a  l o n g i t u d i n a l l y   o r i en ted   cam  s u r -  

face  924  having  ramp  por t ions   926  and  928  at  the  lower  and  upper  

ends  t h e r e o f ,   r e s p e c t i v e l y .  

Cam  means  916  f u r t h e r   includes  a  re turn   groove  930  o r i e n t e d  

p a r a l l e l   to  l o n g i t u d i n a l l y   o r ien ted   cam  surface  924,  which  r e t u r n  

groove  has  upper  and  lower  t r ansve r se   por t ions   932  and  934,  

r e s p e c t i v e l y ,   which  communicate  the  re turn   groove  930  with  t h e  

ramp  p o r t i o n s   928  and  926.  

The  ope ra t ion   of  the  cam  means  922  and  the  re turn   groove  930 

in  coopera t ion   with  the  opera t ing   bal l   918  is  descr ibed   below. 

Before  de sc r ib ing   that  opera t ion   of  the  cam  means  922, 



however,  it  is  helpful   to  descr ibe  a  r a t che t   means  936  which  i s  

o p e r a t i v e l y   assoc ia ted   with  the  power  p is ton  140  and  the  cam 

means  922,  for  disengaging  the  cam  means  922  from  the  o p e r a t i n g  

ball   918  and  thereby  allowing  the  f l apper   valve  910  to  c l o s e  

a f t e r   the  power  piston  140  reaches  i ts   second  p o s i t i o n .  

Ratchet  means  936  includes  a  r a d i a l l y   inward  extending  b a l l  

lug  938  which  is  held  in  placed  in  a  r ad ia l   bore  940  of  dump 

mandrel  860  by  a  threaded  r e t a i n e r   942. 

The  ball   lug  938  is  received  within  a  r a t che t   groove  944  o f  

r a t che t   means  936.  The  r a t che t   groove  944  is  disposed  in  t h e  

r a d i a l l y   outer  surface  of  r a t che t   mandrel  858,  and  i s  b e s t   seen  

in  FIG.  7  which  is  a  layed  out  view  of  r a t c h e t   groove  944  as  

viewed  by  a  viewer  looking  r a d i a l l y   inward  toward  the  r a d i a l l y  

outer  surface  of  r a t che t   mandrel  858.  

O r i g i n a l l y ,   the  operat ing  lug  918  is  in  a  p o s i t i o n   as 

i l l u s t r a t e d   in  solid  l ines   in  FIG.  8  as  918A  wherein  it  is  in  

engagement  with  and  d i r e c t l y   below  the  lower  ramp  926  of  the  cam 

means  922. 

At  that  same  time,  the  ball   lug  938  of  r a t c h e t   means  936  i s  

in  a  pos i t i on   i l l u s t r a t e d   by  the  numeral  938A  in  FIG.  7  at  t h e  

lower  end  of  f i r s t   l o n g i t u d i n a l   groove  por t ion   946  of  r a t c h e t  

groove  944. 

As  the  power  pis ton  140  moves  downward,  the  opera t ing   mandre l  

850  and  r a t che t   mandrel  858  move  downward  with  the  power  p i s t o n  

140. 

As  soon  as  this   downward  movement  begins,   the  opera t ing   b a l l  



918  r ides   up  on  the  lower  ramp  926  and  onto  the  l o n g i t u d i n a l l y  

o r i en ted   cam  surface  924.  Throughout  that  por t ion   of  the  s t r o k e  

of  power  p is ton  140  wherein  the  opera t ing   ball   918  is  in  engage-  

ment  with  the  l o n g i t u d i n a l l y   o r ien ted   cam  surface  924,  t he  

f l appe r   dump  valve  910  is  held  in  an  open  pos i t i on   allowing  f l u i d  

to  be  r e l i eved   from  the  annular  cavity  874  of  second  p r e s s u r e  

conduct ing  passage  means  818.  

Throughout  th is   downward  movement  of  power  p is ton  140,  t he  

bal l   lug  938  of  r a t che t   means  936  t r ave l s   upward  through  a  f i r s t  

l o n g i t u d i n a l   groove  por t ion   946  of  r a t che t   groove  944  and  then  

through  an  upper  t r ansve r se   groove  por t ion   948  to  a  second 

upwardmost  pos i t i on   r e l a t i v e   to  r a t che t   mandrel  858,  which 

second  p o s i t i o n   is  des ignated   in  phantom  l ines   by  the  numeral 

936B. 

Toward  the  end  of  the  downward  stroke  of  power  p is ton  140,  as  

the  bal l   lug  938  of  r a t che t   means  936  moves  through  the  upper  

t r a n s v e r s e   groove  por t ion   948  of  r a t che t   groove  944,  the  r a t c h e t  

mandrel  858  is  ro ta ted   clockwise,   as  viewed  from  above,  r e l a t i v e  

to  power  and  r e l i e f   housing  sec t ion   800,  thus  r o t a t i n g   the  l o n g i -  

t u d i n a l l y   o r i en ted   cam  surface  924  of  cam  means  922  out  from 

under  opera t ing   ball   918  allowing  opera t ing   bal l   918  to  drop  i n t o  

an  upwardmost  pos i t i on   918B,  ind ica ted   in  phantom  l i ne s ,   w i t h i n  

the  re turn   groove  930  shown  in  FIG.  8 .  

Once  the  opera t ing   ball   918B  drops  into  the  re turn   groove 

930,  the  f lapper   dump  valve  910  is  allowed  to  re turn   to  a  c l o s e d  

p o s i t i o n .  



When  the  power  pis ton  140  i s  once  again  moved  upward  to  i t s  

f i r s t   p o s i t i o n ,   the  re turn   groove  930  moves  upward past   t he  

opera t ing   bal l   918  while  a  corresponding  second  l o n g i t u d i n a l  

groove  por t ion  950   of  r a t che t   groove  means  944  moves  upward  p a s t  

bal l   lug  938,  and  f i n a l l y   when  ball   lug  938  engages  a  lower 

t r a n s v e r s e   groove  por t ion   952  of  r a t che t   groove  944,  the  r a t c h e t  

mandrel  858  is  ro ta ted   coun te r -c lockwise   as  viewed  from  above 

r e l a t i v e   to  power  and  r e l i e f   housing  sec t ion   800  thus  r e t u r n i n g  

the  bal l   lug  938  to  the  pos i t ion   938A  i l l u s t r a t e d   in  FIG.  7  and 

r e tu rn ing   the  opera t ing   ball   918  to  the  pos i t ion   918A  i l l u s t r a t e d  

in  FIG.  8 .  

Referr ing  now  to  FIG.  6B,  a  r e l e a s a b l e   holding means  954,  i s  

o p e r a t i v e l y   a s soc i a t ed   with  power  p i s ton  140 ,   for  r e l ea sab ly   p r e -  

venting  the  power  p is ton  140  from  re tu rn ing   to  i ts   f i r s t   p o s i -  

t i o n .  

The  r e l e a s a b l e   holding  means  954  includes  an  i nden ta t ion   956 

disposed  in  ac tua t ing   mandrel  124,  and  a  holding  pin  958  s l i d a b l y  

disposed  in  a  r a d i a l   bore  960  of  f i r s t   middle  adaptor  60  of  t o o l  

housing  54. 

A  r e s i l i e n t   pin  biasing  means  962,  which  i s  a   coil  compres- 

sion  spring  962,  b i a s e s  t h e   holding  pin  958  r a d i a l l y   inward.  

The  i nden t a t i on   956  and  holding  pin  958  are  so  arranged  and 

cons t ruc t ed   that   when  the  power  p is ton  140  is  in  i ts  said  second 

p o s i t i o n ,   the  i nden ta t i on   956  is  al igned  with  holding  pin  958  so 

that   the  holding  pin  958  is  moved  into  the  i nden ta t ion   956  by  the  

pin  b ias ing  means  962  so  that   the  power  p is ton  140  is  r e l e a s a b l y  



held  in  its  second  p o s i t i o n .  

The  coil  spring  866  is  not  strong  enough  to  overcome  t he  

holding  force  of  r e l e a s a b l e   holding  means  954.  Coil  spring  866 

must  be  a s s i s t e d   by  an  upward  p ressure   d i f f e r e n t i a l   across  power 

pis ton  140  to  re turn   power  p is ton  140  to  i ts   f i r s t   p o s i t i o n .  

In  the  t e s t e r   valve  32D,  the  second  p ressure   conduc t ing  

passage  means  818  is  always  in  f lu id   communication  throughout  i t s  

length  with  balancing  port  820.  Thus,  the  second  pressure   con-  

ducting  passage  means  818  i t s e l f   func t ions   as  a  run-in  ba l ance  

means  818  for  al lowing  well  annulus  p ressure   to  s u f f i c i e n t l y  

balance  across  power  p is ton   140  as  t e s t e r   valve  32D  is  run  into  a 

well  so  that   a  p ressure   d i f f e r e n t i a l   from  f i r s t   side  142  t o  

second  side  144  of  power  p is ton   140  is  never  s u f f i c i e n t   to  o v e r -  

come  b ias ing  spring  866  and  premature ly   move  power  p is ton  140  t o  

i ts   second  pos i t i on   as  t e s t e r   valve  32D  is  run  into  the  w e l l .  

Manner  of  Operat ion  of  the  Embodiment  of  FIGS.  6A-6E,  7  and  8 

The  manner  of  opera t ion   of  the  t e s t e r   valve  32D  shown  in  

FIGS.  6A-6E,  7  and  8  is  gene ra l ly   as  f o l l o w s .  

The  t e s t e r   valve  32D  is  f i r s t   set  up  in  the  o r i e n t a t i o n  

i l l u s t r a t e d   in  FIGS.  6A-6E  and  is  made  up  in  the  t e s t i n g   s t r i n g  

28  in  the  p o s i t i o n   des igna ted   by  the  numeral  32  in  FIG.  1.  Then 

the  t e s t i n g   s t r ing   inc luding  the  t e s t e r   valve  32D  is  run  into  t he  

well  defined  by  well  casing  16,  with  the  bal l   valve  means  90  in  

i ts   closed  pos i t i on   c los ing  the  c e n t r a l   bore  flow  passage  92  o f  

the  t e s t e r   valve  32D,  and  with  the  power  p i s ton   140  in  i ts   f i r s t  



pos i t ion   as  i l l u s t r a t e d .  

The  coil  compression  spring  866  r e s i l i e n t l y   biases  the  power 

pis ton  140  towards  its  f i r s t   p o s i t i o n .  

As  the  t e s t e r   valve  32D  is  run  into  the  well,  the  increase   in  

h y d r o s t a t i c   well  annulus  p ressure ,   which  occurs  with  i n c r e a s i n g  

depth  in  the  well,  is  s u f f i c i e n t l y   balanced  across  the  power 

pis ton  140  so  that  a  pressure   d i f f e r e n t i a l   from  the  f i r s t   s i d e  

142  to  the  second  side  144  of  power  pis ton  140  is  never  s u f -  

f i c i e n t   to  overcome  the  r e s i l i e n t   biasing  means  866  and  prema- 

ture ly   move  the  power  pis ton  140  to  i ts  second  p o s i t i o n .  

This  balancing  of  the  increase   in  h y d r o s t a t i c   well  annu lus  

pressure   as  the  t e s t e r   valve  32D  is  run  into  the  well  i s  

accomplished  by  the  fact  that  the  second  pressure   conduc t ing  

passage  means  818  is  always  in  f luid  communication  throughout  i t s  

length  with  the  balancing  port  820. 

Due  to  the  fact   that  the  t e s t e r   valve  32D  uses  a  p o s i t i v e  

mechanical  means  of  opening  the  f lapper   dump  valve  910,  r a t h e r  

than  a  h y d r a u l i c a l l y   actuated  pressure   r e l i e f   means  such  as  t h e  

f i r s t   three  embodiments  have  shown,  there  is  nothing  like  t h e  

pressure   balance  valve  of  the  other  embodiments  blocking  com- 

munication  of  pressure   t h rough  the   second  pressure   conduc t ing  

passage  means. 

After  the  t e s t e r   valve  32D  is  lowered  into  place  in  the  w e l l  

to  the  pos i t i on   i l l u s t r a t e d   in  FIG.  1,  the  packer  means  44  is  s e t  

in  the  well  casing  16  to  separa te   the  well  annulus  42  into  an 

upper  por t ion  above  the  packer  means  44  and  a  lower  por t ion   48 



below  the  packer  means  44.  

Both  the  power  port  162  and  the  balancing  port  820,  and  t he  

f i r s t   and  second  p ressure   conducting  passage  means  160  and  818, 

r e s p e c t i v e l y ,   are  communicated  with  the  upper  port ion  of  the  w e l l  

annulus  42  above  the  packer  means  44.  

The  c e n t r a l   bore  flow  passage  92  of  the  t e s t e r   valve  32D  i s  

communicated  with  the  lower  por t ion   48  of  the  well  annulus  42 

below  the  packer  means  44 .  

After  the  packer  means  44  has  been  set ,   an  increase  in  annu- 

lus  f lu id   p ressure   is  applied  to  the  annulus  f luid  in  the  upper  

por t ion   of  the  well  annulus  42  above  the  packer  means  44.  

This  inc rease   in  annulus  f lu id   pressure   is  s u b s t a n t i a l l y  

immediately  communicated  to  the  f i r s t   side  142  of  power  p i s t o n  

140  through  the  f i r s t   p ressure   conducting  passage  means  160. 

The  metering  c a r t r i d g e   r e t a r d i n g   means  830  delays  communica- 

t ion  of  a  s u f f i c i e n t   por t ion   of  this   increase   in  annulus  f l u i d  

p ressure   to  the  second  side  144  of  the  power  piston  140  for  a 

s u f f i c i e n t   time  to  allow  a  p ressure   d i f f e r e n t i a l   from  the  f i r s t  

side  142  to  the  second  side  144  of  power  pis ton  140  to  move  t he  

power  p i s ton   140  to  i ts   open  p o s i t i o n .  

As  soon  as  the  power  p is ton  140  begins  to  move  downward,  t h e  

cam  means  922  cams  the  opera t ing   bal l   918  r a d i a l l y   outward  t o  

open  the  f l appe r   dump  valve  910.  

Then  as  the  power  p is ton   140  cont inues   to  move  downward  from 

i ts   f i r s t   p o s i t i o n   to  i ts   second  p o s i t i o n ,   f luid  from  the  second 

pressure   conducting  passage  means  818  is  re l ieved  through  the  



dump  valve  910  and  through  the  dump  passage  882  to  the  dump  zone 

92.  The  volume  of  f lu id   r e l i eved   is  equal  to  the volume  of  f l u i d  

d isplaced  by  the  power  p is ton  140  as  it  moves  from  its  f i r s t  

pos i t i on   to  i ts  second  p o s i t i o n .  

As  the  power  p is ton  140  reaches  the  bottom  end  of  i ts  down- 

ward  s t roke,   the  r a t c h e t   means  944  r o t a t e s   the  r a t che t   mandrel  

858  causing  the  opera t ing   bal l   918  to  move  t r a n s v e r s e l y   off  o f  

the  l o n g i t u d i n a l l y   o r i en ted   cam  surface  924  so  that  it  drops  i n t o  

the  re turn   groove  930. 

As  the  power  p is ton  140  moves  to  i ts   second  pos i t i on ,   t h e  

ball   valve  means  90  is  ro ta ted   to  i ts   open  pos i t i on   wherein  t h e  

bore  94  of  ball   108  is  al igned  with  the  cen t ra l   bore  flow  pa s sage  

92  of  t e s t e r   valve  32D. 

The  c a r t r i dge   type  r e t a rd ing   means  830  allows  an  a d d i t i o n a l  

por t ion   of  the  increase   in  the  well  annulus  pressure   to  be  com- 

municated  to  the  second  side  144  of  the  power  pis ton  140  a f t e r  

the  power  p is ton  140  is  moved  to  i ts  second  pos i t i on ,   thus  u l t i -  

mately  allowing  the  increase   in  well  annulus  pressure   to  s u b s t a n -  

t i a l l y   e n t i r e l y   balance  across  the  power  p is ton  140. 

In  the  t e s t e r   valve  32D,  the  coil   spring  biasing  means  866  i s  

so  cons t ruc ted   that   act ing  by  i t s e l f   it  i s  no t   strong  enough  t o  

overcome  the  holding  force  of  the  r e l e a s a b l e  h o l d i n g   means  954. 

This  is  necessary  because,  in  the  t e s t e r   valve  32D,  the  i n c r e a s e  

in  well  annulus  p ressure   will   u l t i m a t e l y ,   a f t e r   a  few  m i n u t e s ,  

completely  balance  across  the  power  p is ton  140  so  that   there  i s  

no  downward  pressure   d i f f e r e n t i a l   acting  on  the  power  p is ton  140. 



To  rec lose   the  ball  valve  means  90  in  the  t e s t e r   valve  32D,  a 

decrease  in  annulus  f luid  pressure   is  rapidly   applied  to  the  w e l l  

annulus  42,  thus  c rea t ing   an  upward  pressure   d i f f e r e n t i a l   a c r o s s  

the  power  p is ton   140  because  of  the  fact   that  the  metering  c a r -  

t r idge   r e t a r d i n g   means  830  c rea tes   a  time  delay  in  communicat ion 

of  this   decrease   in  well  annulus  pressure   to  the  second  side  144 

of  power  p is ton  140.  Thus  for  a  short  period  of  time  there  is  an 

upward  p ressure   d i f f e r e n t i a l   act ing  across  power  p is ton   140. 

This  upward  p ressure   d i f f e r e n t i a l   in  combination  with  the  upward 

b ias ing   force  of  coil   compression  spring  866  is  s u f f i c i e n t   t o  

overcome  the  holding  force  of  r e l e a s a b l e   holding  means  954,  t h u s  

providing  a  s l i g h t   upward  movement  of  power  p is ton   140  s u f f i c i e n t  

to  disengage  the  holding  pin  958  at  which  point  the  coil   compres-  

sion  spring  866  i t s e l f   will  continue  to  move  the  power  p is ton   140 

upward  to  i ts   f i r s t   p o s i t i o n .  

As  the  power  p is ton  140  moves  upward  to  re turn   to  i ts   f i r s t  

p o s i t i o n ,   the  annular   f l o a t i n g   shoe  844  shown  in  FIG.  6E  i s  

d i sp laced   upward  to  account  for  the  volume  of  f lu id   which  was 

d i sp laced   on  the  downward  movement  of  the  power  p is ton   140.  

The  number  of  times  which  the  t e s t e r   valve  32D  can  be  c y c l e d  

between  the  closed  and  open  p o s i t i o n s   of  bal l   valve  means  90  i s  

determined  by  the  volume  of  f luid  in  the  annular   cavi ty   840  above 

the  annular   f l o a t i n g   shoe  844.  When  the  annular   f l o a t i n g   shoe 

844  engages  the  threaded  co l l a r   832,  the  t e s t e r   valve  32D  can  no 

longer  be  opera ted .   It  must  then  be  removed  from  the  well  and 

r e f i l l e d   with  f l u i d .  



Thus,  it  is  seen  that  the  methods  and  apparatus  of  the  p r e -  

sent  invent ion  read i ly   achieve  the  ends  and  advantages  ment ioned 

as  well  as  those  inherent   the re in .   While  ce r t a in   p re fe r red   embo- 

diments  of  the  present   invent ion  have  been  i l l u s t r a t e d   for  t he  

purposes  of  the  present   d i s c l o s u r e ,   numerous  changes  in  t h e  

arrangement  and  cons t ruc t i on   of  parts   may  be  made  by  t hose  

s k i l l e d   in  the  a r t .  



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

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

a  t o o l   h o u s i n g ;  

a  p o w e r   p i s t o n   s l i d a b l y   d i s p o s e d   in  s a i d   h o u s i n g ;  

a  f i r s t   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   f o r   c o m m u n i -  

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

p i s t o n ;  

a  s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   f o r   c o m -  

m u n i c a t i n g   s a i d   w e l l   a n n u l u s   w i t h   a  s e c o n d   s i d e   of  s a i d  

power   p i s t o n ;  

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

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

s u f f i c i e n t   p o r t i o n   of  an  i n c r e a s e   in  w e l l   a n n u l u s   p r e s s u r e  
to  s a i d   s e c o n d   s i d e   of  s a i d   power   p i s t o n   f o r   a  s u f f i c i e n t  

t i m e   to  a l l o w   a  p r e s s u r e   d i f f e r e n t i a l   f rom  s a i d   f i r s t   s i d e  

to  s a i d   s e c o n d   s i d e   of  s a i d   power   p i s t o n   to  move  s a i d   p o w e r  

p i s t o n   f rom  a  f i r s t   p o s i t i o n   to  a  s e c o n d   p o s i t i o n   r e l a t i v e  

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

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

b e t w e e n   s a i d   s e c o n d   s i d e   of  s a i d   power   p i s t o n   and  s a i d  

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

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

f l u i d   s u f f i c i e n t   to   p e r m i t   s a i d   power   p i s t o n   to  t r a v e l   t o  

i t s   s a i d   s e c o n d   p o s i t i o n .  

2.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  w h e r e i n :   s a i d  

r e t a r d i n g   means   i s   f u r t h e r   c h a r a c t e r i z e d   as  a l s o   b e i n g   a  

means   f o r   a l l o w i n g   an  a d d i t i o n a l   p o r t i o n   of  s a i d   i n c r e a s e  

in  w e l l   a n n u l u s   p r e s s u r e   to  be  c o m m u n i c a t e d   to   s a i d   s e c o n d  

s i d e   of  s a i d   power   p i s t o n   a f t e r   s a i d   power   p i s t o n   i s   m o v e d  

to  i t s   s a i d   s e c o n d   p o s i t i o n .  



3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2,  w h e r e i n   s a i d  

r e t a r d i n g   means   i n c l u d e s   a  f l u i d   f l o w   r e s t r i c t i n g   o r i f i c e  

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

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  2  or  3,  w h e r e i n :  

in  u se   s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g  

p a s s a g e   m e a n s  i s   f i l l e d  w i t h   a  f i r s t   f l u i d   t h a t   i s   s u f f i -  

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

c a l l y   b l o c k e d   f rom  t r a v e l l i n g   to  i t s   s a i d   s e c o n d   p o s i t i o n  

u n l e s s   s a i d   vo lume   of  s a i d   f i r s t   f l u i d   i s   r e l i e v e d   f r o m  

s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g  

p a s s a g e   means   by  s a i d   p r e s s u r e   r e l i e f   m e a n s .  

5.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1 , 2 , 3   o r  4   f u r t h e r  

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

w i t h   s a i d   power   p i s t o n ,   f o r   b i a s i n g   s a i d   power   p i s t o n   t o w a r d  

i t s   s a i d   f i r s t   p o s i t i o n .  

6.  A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   1  to  5,  f u r t h e r  

c o m p r i s i n g :   r u n - i n   b a l a n c e   means   f o r   a l l o w i n g   w e l l   a n n u l u s  

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

s a i d   a p p a r a t u s   i s   run  i n t o   s a i d   w e l l ,   so  t h a t   a  p r e s s u r e  

d i f f e r e n t i a l   f rom  s a i d   f i r s t   s i d e   to  s a i d   s e c o n d   s i d e   o f  

s a i d   power   p i s t o n   i s   n e v e r   s u f f i c i e n t   to  p r e m a t u r e l y   m o v e  

s a i d   power   p i s t o n   to  i t s   s a i d   s e c o n d   p o s i t i o n   as  s a i d  

a p p a r a t u s   i s   b e i n g   run  i n t o   s a i d   w e l l .  

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   6,  w h e r e i n :   s a i d  

s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   i n c l u d e s   a  b y p a s s  

p o r t i o n   b y p a s s i n g   s a i d   p r e s s u r e   r e l i e f   m e a n s ;   and  s a i d  

r u n - i n   b a l a n c e   means   i n c l u d e s   c h e c k   v a l v e   m e a n s ,   d i s p o s e d   i n  

s a i d   b y p a s s   p o r t i o n ,   f o r   a l l o w i n g   f l u i d   f l o w   and  t h u s   p r e s -  

s u r e   t r a n s m i s s i o n   in  a  f i r s t   d i r e c t i o n   f rom  s a i d   w e l l  

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

c o n d u c t i n g   p a s s a g e   means   to  s a i d   s e c o n d   s i d e   of  s a i d   p o w e r  



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

p o r t i o n   in  a  r e v e r s e   d i r e c t i o n   o p p o s i t e   of  s a i d   f i r s t  

d i r e c t i o n .  

8.  A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   1  to  7 ,  

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

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

i ng   s a i d   power   p i s t o n   f rom  r e t u r n i n g   to  i t s   f i r s t   p o s i t i o n .  

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   s a i d  

r e l e a s a b l e   h o l d i n g   means   i n c l u d e s :   a  l u g   c o n n e c t e d   to  s a i d  

h o u s i n g ;   a  J - s l o t   m e a n s ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h   s a i d  

power   p i s t o n ,   s a i d   l ug   b e i n g   r e c e i v e d   in  s a i d   J - s l o t   m e a n s ,  
s a i d   J - s l o t   means   and  l u g   p r o v i d i n g   a  m e a n s  f o r   r e q u i r i n g  

t h a t   in  o r d e r   to  r e t u r n   s a i d   power   p i s t o n   to  i t s   s a i d   f i r s t  

p o s i t i o n ,   s a i d   power   p i s t o n   mus t   be  moved  f rom  s a i d   s e c o n d  

p o s i t i o n   to  a  p a r t i a l l y . r e t u r n e d   i n t e r m e d i a t e   h o l d i n g  

p o s i t i o n ,   t h e n   back   to  s a i d   s e c o n d   p o s i t i o n   and  t h e n   b a c k  

to  s a i d   f i r s t   p o s i t i o n .  

10.  A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   1  to  9 ,  

w h e r e i n   s a i d   p r e s s u r e   r e l i e f   means   i n c l u d e s :   a  r e l i e f  

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

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

p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   w i t h   a  f l u i d   dump  z o n e ;  

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

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

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

s a i d   r e l i e f   p o r t   i s   o p e n ;   and  r e s i l i e n t   r e l i e f   p i s t o n  

b i a s i n g   means   f o r   b i a s i n g   s a i d   r e l i e f   p i s t o n   t o w a r d   i t s  

s a i d   f i r s t   p o s i t i o n .  



11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   s a i d  

r e l e a s a b l e   h o l d i n g   means   i n c l u d e s   back   p r e s s u r e   c h e c k   v a l v e  

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

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

of  s a i d   i n c r e a s e   in  w e l l   a n n u l u s   p r e s s u r e   to  s a i d   s e c o n d  

s i d e   of  s a i d   p o w e r  p i s t o n   so  t h a t   so  l o n g   as  s a i d   i n c r e a s e  

in  w e l l   a n n u l u s   p r e s s u r e   i s   m a i n t a i n e d   on  s a i d   f i r s t   s i d e  

of  s a i d   power   p i s t o n   a  s u f f i c i e n t   p r e s s u r e   d i f f e r e n t i a l   i s  

m a i n t a i n e d   f rom  s a i d   f i r s t   s i d e   to  s a i d   s e c o n d   s i d e   o f  

s a i d   power   p i s t o n   to  p r e v e n t   s a i d   power   p i s t o n   f rom  r e t u r n -  

ing   to  i t s   s a i d   f i r s t   p o s i t i o n .  

12.  A p p a r a t u s   a c c o r d i n g   to  c l a i m s   5  and  11,  w h e r e i n  

s a i d   back   p r e s s u r e   c h e c k   v a l v e   means   i s   a  means   f o r  

p r e v e n t i n g   s a i d   r e s i l i e n t   b i a s i n g   means   f rom  r e t u r n i n g   s a i d  

power   p i s t o n   to  i t s   s a i d   f i r s t   p o s i t i o n   so  l o n g   as  s a i d  

i n c r e a s e   in  w e l l   a n n u l u s   p r e s s u r e   i s   m a i n t a i n e d   on  s a i d  

f i r s t   s i d e   of  s a i d   power   p i s t o n .  

13.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   12,  w h e r e i n :   s a i d  

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

14.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   12  or  13,  f u r t h e r  

c o m p r i s i n g :   s e a l   v a l v e   m e a n s ,   d i s p o s e d   in  s a i d   s e c o n d  

p r e s s u r e   c o n d u c t i n g   p a s s a g e   m e a n s ,   f o r   p r e v e n t i n g   c o m m u n i -  

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

a n n u l u s   p r e s s u r e   to  s a i d   s e c o n d   s i d e   of  s a i d   power   p i s t o n  

a f t e r   s a i d   back   p r e s s u r e   c h e c k   v a l v e   means   has   f i n a l l y  

c l o s e d   s u b s e q u e n t   to  s a i d   power   p i s t o n   r e a c h i n g   i t s   s a i d  

s e c o n d   p o s i t i o n .  



15.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   14,  f u r t h e r   c o m p r i s i n g :  

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

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

s a i d   power   p i s t o n   moves   to  i t s   s a i d   s e c o n d   p o s i t i o n .  

16.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   11,  w h e r e i n :   s a i d  

s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   i n c l u d e s   a  b y p a s s  

p o r t i o n   b y p a s s i n g   s a i d   p r e s s u r e   r e l i e f   m e a n s ;   and  s a i d  

r u n - i n   b a l a n c e   means   i n c l u d e s :   b a l a n c e   v a l v e   m e a n s ,  

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

b e i n g   m o v a b l e   b e t w e e n   an  open  p o s i t i o n ,   w h e r e i n   f l u i d   may  
f l o w   in  e i t h e r   d i r e c t i o n   t h r o u g h   s a i d   b y p a s s   p o r t i o n ,   a n d  

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

p o r t i o n   i s   p r e v e n t e d ;   r e s i l i e n t   b a l a n c e   v a l v e   b i a s i n g   m e a n s  

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

p o s i t i o n ;   and  a c t u a t i n g   m e a n s ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h  

s a i d   power   p i s t o n ,   f o r   m e c h a n i c a l l y   m o v i n g   s a i d   b a l a n c e  

v a l v e   means   to  i t s   c l o s e d   p o s i t i o n   as  s a i d   power   p i s t o n  

m o v e s  t o   i t s   s e c o n d   p o s i t i o n .  

17.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1 , 4 , 5 , 6 , 7 , 8   or  1 0 ,  

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

t r i c   t u b u l a r   m e m b e r s   d e f i n i n g   an  a n n u l a r   c a v i t y   t h e r e -  

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

a t   l e a s t   p a r t i a l l y   d e f i n e d   by  s a i d   a n n u l a r   c a v i t y ;   a n d  

w h e r e i n   s a i d   r e t a r d i n g   means   i n c l u d e s   an  a n n u l a r   f l o a t i n g  

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

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

b o t h   s a i d   i n n e r   and  o u t e r  t u b u l a r   m e m b e r s   of  s a i d   t o o l  

h o u s i n g .  



18.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   17,  w h e r e i n :   s a i d  

f l o a t i n g   shoe   of  s a i d   r e t a r d i n g   means   i s   f u r t h e r  

c h a r a c t e r i z e d   as  a l s o   b e i n g   a  means   f o r   a l l o w i n g   a n  

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

p r e s s u r e   to  be  c o m m u n i c a t e d   to  s a i d   s e c o n d   s i d e   of  s a i d  

power   p i s t o n   a f t e r   s a i d   power   p i s t o n   i s   moved  to  i t s   s a i d  

s e c o n d   p o s i t i o n .  

19.  A p p a r a t u s   a c c o r d i n g   to  c l a i m s   8  and  17,  w h e r e i n  

s a i d   r e l e a s a b l e   h o l d i n g   means   i n c l u d e s :   an  i n d e n t a t i o n  

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

p i s t o n ;   a  h o l d i n g   p in   r a d i a l l y   s l i d a b l y   d i s p o s e d   in  a  

r a d i a l   b o r e   of  s a i d   t o o l   h o u s i n g ;   r e s i l i e n t   p in   b i a s i n g  

means   f o r   b i a s i n g   s a i d   h o l d i n g   p in   r a d i a l l y   i n w a r d   r e l a t i v e  

to  s a i d   h o u s i n g ;   and  w h e r e i n   s a i d   i n d e n t a t i o n   and  s a i d  

p in   a r e   so  a r r a n g e d   and  c o n s t r u c t e d   t h a t   when  s a i d   p o w e r  

p i s t o n   i s   in  i t s   s a i d   s e c o n d   p o s i t i o n   s a i d   i n d e n t a t i o n   i s  

a l i g n e d   w i t h   s a i d   p in   so  t h a t   s a i d   p in   i s   moved  i n t o   s a i d  

i n d e n t a t i o n   by  s a i d   p in   b i a s i n g   means   so  t h a t   s a i d   p o w e r  

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

20.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1 7 , 1 8   or  19,  w h e r e i n :  

s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g  

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

s a i d   a p p a r a t u s   may  be  o p e r a t e d   m u l t i p l e   t i m e s   to  r e p e a t e d l y  

move  s a i d   power   p i s t o n   f rom  i t s   f i r s t   p o s i t i o n   to  i t s   s e c o n d  

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

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



21.   A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   1  to   2 0 ,  

w h e r e i n   s a i d   p r e s s u r e   r e l i e f   means   i n c l u d e s :   a  f l u i d  

dump  z o n e ;   a  f l u i d   dump  p a s s a g e   means   f o r   c o m m u n i c a t i n g  

s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g  

p a s s a g e   means   w i t h   s a i d   f l u i d   dump  z o n e ;   a  f l u i d   dump 

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

p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   and  s a i d   f l u i d   dump 

p a s s a g e   m e a n s ,   s a i d   dump  v a l v e   b e i n g   m o v a b l e   b e t w e e n   a  

c l o s e d   p o s i t i o n   i s o l a t i n g   s a i d   f i r s t   p o r t i o n   of  s a i d  

s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   f rom  s a i d   f l u i d  

dump  p a s s a g e   means   and  an  open  p o s i t i o n   w h e r e i n   f l u i d   i s  

a l l o w e d   to  f l o w   f rom  s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d  

p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   to  s a i d   f l u i d   dump 

p a s s a g e   m e a n s ;   and  o p e r a t i n g   means   o p e r a t i v e l y   a s s o c i a t e d  

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

m o v i n g   s a i d   f l u i d   dump  v a l v e   to  i t s   s a i d   open  p o s i t i o n  

as  s a i d   power   p i s t o n   s t a r t s   to  move  f rom  i t s   s a i d   f i r s t  

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

s a i d   f l u i d   dump  v a l v e   in  i t s   s a i d   open  p o s i t i o n   u n t i l  

s a i d   power   p i s t o n   r e a c h e s   i t s   s a i d   s e c o n d   p o s i t i o n ,   a n d  

f o r   r e t u r n i n g   s a i d   f l u i d   dump  v a l v e   to  i t s   s a i d   c l o s e d  

p o s i t i o n   a f t e r   s a i d   power   p i s t o n   r e a c h e s   i t s   s a i d   s e c o n d  

p o s i t i o n .  

22.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   21,   w h e r e i n :   s a i d  

f l u i d   dump  v a l v e   i s   a  f l a p p e r   v a l v e .  

23 .   A p p a r a t u s   a c c o r d i n g   to  c l a i m   21  or  22,  w h e r e i n   s a i d  

o p e r a t i n g   means   c o m p r i s e s :   an  o p e r a t i n g   b a l l   e n g a g i n g   s a i d  

f l a p p e r   v a l v e ;   and  cam  m e a n s ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h  

s a i d   power   p i s t o n   f o r   m o v e m e n t   t h e r e w i t h ,   f o r   camming   s a i d  

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

o p e n i n g   s a i d   f l a p p e r   v a l v e   as  s a i d   power   p i s t o n   s t a r t s   t o  

move  f rom  i t s   s a i d   f i r s t   p o s i t i o n   t o w a r d   i t s   s a i d   s e c o n d  

p o s i t i o n .  



24.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   23,  f u r t h e r   c o m p r i s i n g :  

r a t c h e t   m e a n s ,   o p e r a t i v e l y   a s s o c i a t e d   w i t h   s a i d   power   p i s t o n  

and  s a i d   cam  m e a n s ,   f o r   d i s e n g a g i n g   s a i d   cam  means   f rom  s a i d  

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

c l o s e   a f t e r   s a i d   power   p i s t o n   r e a c h e s   i t s   s a i d   s e c o n d  

p o s i t i o n .  

25 .   A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   21  to  2 4 ,  

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

f l u i d   dump  p a s s a g e   m e a n s ,   f o r   p e r m i t t i n g   f l u i d   f l o w   f r o m  

s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e  

means   to  s a i d   dump  z o n e ,   and  f o r   p r e v e n t i n g   f l u i d   f l o w   f r o m  

s a i d   dump  zone  to  s a i d   f i r s t   p o r t i o n   of  s a i d   s e c o n d   p r e s s u r e  

c o n d u c t i n g   p a s s a g e   m e a n s .  

26.   A p p a r a t u s   a c c o r d i n g   to  c l a i m 2 5 ,   w h e r e i n :   s a i d   c h e c k  

v a l v e   means   i s   a  f l a p p e r   v a l v e .  

27.   A p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   21  to  2 6 ,  

w h e r e i n :   s a i d   s e c o n d   p r e s s u r e   c o n d u c t i n g   p a s s a g e   means   i s  

a l w a y s   open  to  p r e s s u r e   c o m m u n i c a t i o n   a l o n g   an  e n t i r e   l e n g t h  

t h e r e o f   f rom  s a i d   s e c o n d   s i d e   of  s a i d   power   p i s t o n   to  s a i d  

w e l l   a n n u l u s   when  s a i d   a p p a r a t u s   i s   run   i n t o   s a i d   w e l l ,   s o  

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

b a l a n c e   a c r o s s   s a i d   power   p i s t o n   so  t h a t   a  p r e s s u r e  
d i f f e r e n t i a l   f rom  s a i d   f i r s t   s i d e   to  s a i d   s e c o n d   s i d e   o f  

s a i d   power   p i s t o n   i s   n e v e r   s u f f i c i e n t   to  p r e m a t u r e l y   m o v e  

s a i d   power   p i s t o n   to  i t s   s a i d   s e c o n d   p o s i t i o n   as  s a i d  

a p p a r a t u s   i s   b e i n g   run   i n t o   s a i d   w e l l .  
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