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(55)  Downhole  steering  apparatus. 
The  downhole  steering  apparatus  is  used  for  downhole 

logging  tools,  in  particular  to  allow  the  tool  to  avoid 
obstacles  or  to  be  freed  when  stuck.  It  includes  a  device  for 
deviating  from  center  and  ultrasonic  and  low  frequency 
vibrators.  It  may  be  supplemented  by  a  special  dislodging 
sub  that  operates  on  explosive  power.  A  microprocessor  unit 
in  the  apparatus  monitors  its  position,  analyses  problem 
situations  and  controls  the  functions. 

The  apparatus  comprises 
a.  a  tool  body 
b.  steering  means,  including  gate  means  on  said  tool 

body  moveable  between  upward  and  downward  positions 
for  allowing  fluid  flow  through  a  portion  of  said  tool  body; 

c.  impeller  means  rotatably  mounted  within  said  tool 
body for  directing  said  fluid  flow through  said  gate  means on 
said  tool  body; 

d.  first  means  for  imparting  rotation  to  said  impeller 
means;  and 

e.  second  means  for  moving  said  gate  means  between 
said  upward  and  downward  positions. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of   t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   s t e e r i n g   t o o l s .   M o r e  

p a r t i c u l a r l y ,   t h e   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 p p a -  

r a t u s   f o r   i n d u c i n g   and  a s s i s t i n g   an  e l e c t r i c a l   t o o l   o r  

t h e   l i k e   b e i n g   l o w e r e d   down  and  r a i s e d   up  an  o i l   w e l l  

b o r e   h o l e .   Even  more   p a r t i c u l a r y ,   t h e   a p p a r a t u s   of  t h e  

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

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

m e c h a n i s m s ,   s o n i c   v i b r a t i o n   m e a n s ,   and  m e c h a n i c a l   o s c i l -  

l a t o r   means   f o r   s t e e r i n g   an  e l e c t r i c a l   d e v i c e   down  a n  

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

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

move  f r e e l y   and  more   r a p i d l y   t h e r e i n .  



SUMMARY  OF  THE  PRESENT  INVENTION 

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

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

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

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

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

l o w e r e d   down  and  r e t r i e v e d   f r o m   p r i m a r i l y   open   b o r e   h o l e s ,  

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

o i l   w e l l s   o r   o t h e r   h o l e s   d r i l l e d   in  t h e   e a r t h ' s   s u r -  

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

p r i s e   in   c o m b i n a t i o n ,   an  u p p e r   sub   f o r   c o n n e c t a b l e  

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

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

a p p a r a t u s   down  h o l e ;   a  m o t o r   s e c t i o n   h a v i n g   a  p l u r a l i t y  

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

f o r   m o v e m e n t   o f   s t e e r i n g   g a t e s ;   a  m o t o r   d r i v e n   i m p e l l a r  

means   f o r   p r o v i d i n g   t h r u s t   and  f l o w   t h r o u g h   a  p o r t i o n   o f  

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

p r o v i d i n g   s t e e r i n g   in  a  c e r t a i n   d i r e c t i o n ;   an  e l e c t r i c  

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

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

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

m e c h a n i c a l   v i b r a t i o n   c o i l   a s s e m b l y   m e a n s   on  t h e   l o w e r   e n d  

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

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

sub   f o r   c o n n e c t a b l y   e n g a g i n g   t h e   e l e c t r i c a l   u n i t   to   b e  

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

e i t h e r   end   a  t h r u s t   e x p l o s i v e   sub   f o r   e x p l o s i v e l y   d i s -  

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

d o w n h o l e .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

For  a  f u r t h e r   u n d e r s t a n d i n g   of   t h e  n a t u r e   a n d  

o b j e c t s   of  the   p r e s e n t   i n v e n t i o n ,   r e f e r e n c e   s h o l d   b e  

had  to   t he   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n ,   t a k e n   i n  

c o n j u n c t i o n   w i t h   t he   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  

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

w h e r e i n :  

F i g u r e   1  is   a  s i d e   c r o s s - s e c t i o n a l   v iew  of  t h e  

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

e m b o d i m e n t   of  t he   a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  c r o s s - s e c t i o n a l   v i e w   of   t h e   i n t e r -  

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

a s s e m b l y   and  m i c r o   p r o c e s s o r   in  t h e   u n i t   o f   t h e  

p r e f e r r e d   e m b o d i m e n t   of  t he   a p p a r a t u s   of  t he   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   3  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t he   p r e f e r r -  

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

i l l u s t r a t i n g   t he   m o t o r   s e c t i o n   i n c l u d i n g   the   t h r u s t  

d i r e c t i o n a l   m o t o r s   and  b a l l   s c r e w   a s s e m b l y ;  

F i g u r e   3 - a   i s   a  p e r s p e c t i v e   v i e w   of  the  g a t e  

member   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   4  and  5  i l l u s t r a t e   t he   t h r u s t   i m p e l l e r  

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

of   t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   6  i l l u s t r a t e s   t he   c o n n e c t i o n   b e t w e e n   t h e  

i m p e l l e r   s e c t i o n   and  t h e   t h r u s t   d r i v e   i m p e l l e r   m o t o r   i n  



t h e   p r e f e r r e d   e m b o d i m e n t   of  the   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g u r e s   7  and  7a  i l l u s t r a t e   t he   e l e c t r i c   t r a n s -  

d u c e r   s e c t i o n   in  t h e   p r e f e r r e d   e m b o d i m e n t   of   t he   a p p a -  

r a t u s   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   8  i l l u s t r a t e s   t he   m e c h a n i c a l   v i b r a t i o n   c o i l  

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

o f   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   9  i l l u s t r a t e s   t he   i n t e r c h a n g e a b l e   b o t t o m  

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

r a t u s   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   10  i l l u s t r a t e s   t he   e x p l o s i v e   p r o p e l l e n t  

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

a p p a r a t u s   o f   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e s   11  and  12  i l l u s t r a t e   t he   e l e c t r i c a l  

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

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

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



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

FIGURES  1  t h r o u g h   10  i l l u s t r a t e   in  p a r t i a l   c r o s s -  

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

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

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

d e s c r i b e d   more   f u l l y   b e l o w .  

A p p a r a t u s   10,  as  a  w h o l e ,   of  t he   p r e f e r r e d   e m b o d i -  

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

i n t e r c h a n g e a b l e   sub ;   p r i m a r y   c o m p o n e n t s   of  an  e l e c -  

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

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

m o t o r   s e c t i o n ;   an  e l e c t r i c   t r a n d u c e r   s e c t i o n ;   and  a  

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

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

T h e r e   is  f u r t h e r   p r o v i d e d   as  an  a l t e r n a t i v e   f e a t u r e ,   a n  

e x p l o s i v e   p r o p e l l e n t   c h a r g e   s u b - a s s e m b l y   w h i c h   can  b e  

p o s i t i o n e d   at  e i t h e r   end  of  the   a p p a r a t u s ,   the   f u n c t i o n  

of   w h i c h   w i l l   be  e x p l a i n e d   f u r t h e r .   In  o r d e r   to  m o r e  

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

t i o n ,   e a c h   s e c t i o n   w i l l   be  d i s c u s s e d   i n d i v i d u a l l y ,  

m a k i n g   r e f e r e n c e   to  the   a p p r o p r i a t e   FIGURES,  fo r   a  

t h o r o u g h   d i s c u s s i o n   of  t h e   e n t i r e   i n v e n t i o n .  

FIGURE  1  i l l u s t r a t e s   in  c r o s s - s e c t i o n a l   v i e w ,  

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

p r e f e r r e d   e m b o d i m e n t   of  the   a p p a r a t u s   of  t he   p r e s e n t  

i n v e n t i o n   as  i l l u s t r a t e d   by  t h e   n u m b e r   12.  Top  sub  12 

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



c o n t i n u o u s   s i d e   w a l l   14  w i t h   t h r e a d e d   p o r t i o n s   16  a n d  

18  at   e i t h e r   e n d .   Sub  12  w o u l d   t h r e a d a b l y   e n g a g e  

t h r e a d e d   w a l l   p o r t i o n   20  of   t he   main   body  p o r t i o n   o f  

a p p a r a t u s   10,   w i t h   m a l e   t h r e a d s   1 8  o f   sub   12  e n g a g i n g  

f e m a l e   t h r e a d   p o r t i o n   23  of   a p p a r a t u s   10.  At  t he   p o i n t  

of   c o n n e c t i o n ,   as   i l l u s t r a t e d   in  FIGURE  1,  t h e r e   i s  

p r o v i d e d   a  d o u b l e   0 - r i n g   21  and  22  f o r   p r e v e n t i n g   a n y  

f l u i d ,   s u c h   as   d r i l l i n g   f l u i d s   o r   t h e   l i k e   f rom  t h e  

s u r r o u n d i n g   h o l e   24  f rom  e n t e r i n g   i n t o   t h e   i n t e r  

c h a m b e r   26  of   sub   12.  As  f u r t h e r   s e e n   in  FIGURE  1,  t o p  

sub  12  p r o v i d e s   an  i n t e r i o r   c h a m b e r   26  w h i c h   h o u s e s  

e l e c t r i c a l   w i r e   l i n e   28  as  w i r e   l i n e   28  e x t e n d s   f r o m  

t h e   end  p o r t i o n   30  t h r o u g h   sub  12  i n t o   t h e   main  b o d y  

p o r t i o n   o f   a p p a r a t u s   10  and  c o n n e c t i n g   t h e r e t o   a t   p o i n t  

32.   Wire   l i n e   28  b a s i c a l l y   c o m p r i s e s   a  p l u r a l i t y   o f  

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

p o w e r   f rom  t h e   r i g   f l o o r   to  t h e   a p p a r a t u s   10  f o r   o p e r a -  

t i o n   t h e r e t o .   I n t e r c h a n g e a b l e   t o p   sub  12  f u r t h e r  

c o m p r i s e s   c o n n e c t o r   means   40  w h i c h   is  s u b s t a n t i a l l y   a  

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

( n o t   s e e n   in  d r a w i n g ) ,   w h i c h   a r e   t y p i c a l   p l u g   t y p e  

c o n t a c t s   f o r   c o n n e c t i n g   t h e   w i r e   28  ( a s   s e e n   i n  

p h a n t h o m )   f r o m   t h e   r i g   f l o o r   to  be  c o n n e c t e d   o n t o   t h e  

sub   i t s e l f .   Sub  12  f u r t h e r   p r o v i d e s   on  i t s  

s e c o n d   e n d ,   t h r e a d s   16  w h i c h   w o u l d   a d a p t e d   to  t h r e a d -  

a b l y   e n g a g e d   b r i d l e   45 ,   ( p h a n t o m   l i n e )   w h i c h   i s   a  f l e x -  

i b l e   c o n n e c t o r   c o m p o n e n t ,   known  in  t h e   a r t ,   s u b s t a n -  



t i a l l y   20  f e e t   in  l e n g t h   and  w o u l d   t h r e a d a b l y   e n g a g e  

b e t w e e n   t h e   w i r e l i n e   and  t h e   sub  as  i l l u s t r a t e d   i n  

p h a n t h o m   v i e w .   The  b r i d l e   45  i s   no t   p a r t   of  t h i s  

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

d r i l l i n g   f i e l d   h a v i n g   e l e c t r o d e s   or  t he   l i k e   f o r  

i n s e r t i n g   i n t o   c o n n e c t o r   m e a n s   40  and  i n t e r c o n n e c t i n g  

t h e   e l e c t r i c a l   s o u r c e   w i t h   t he   a p p a r a t u s .   L i k e w i s e ,  

t h e r e   i s   f u r t h e r   p r o v i d e d   d o u b l e   O - r i n g s   46  and  48  

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

i o r   s u b s t r a t e   24  and  t h e   i n n e r   c h a m b e r   26  of  sub  12  i n  

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

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

I t   s h o u l d   be  n o t e d   t h a t   in  t h i s   p a r t i c u l a r   t y p e   o f  

sub   12,   a l t h o u g h   t h i s   i s   a  p r e f e r r e d   e m b o d i m e n t ,   t h e  

i n t e r c h a n g e a b l e   sub  is  i n t e r c h a n g e a b l e   in  o r d e r   t o  

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

a p p a r a t u s ,   m a n u f a c t u r e d   by  S c h l u m b e r g e r ,   M c D e r m o t t ,   o r  

o t h e r s .   T h e r e f o r e ,   t h i s   i n t e r c h a n g e a b l e   sub  would   b e  

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

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

p a r t i c u l a r   j o b .  

T u r n i n g   now  to  F i g u r e s   2  t h r o u g h   8,  a  d i s c u s s i o n  

w i l l   be  had  of   t h e   p r i m a r y   i n v e n t i o n ,   n a m e l y   t h e  

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

a p p a r a t u s .   As  was  d i s c u s s e d   e a r l i e r ,   a p p a r a t u s   10  

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

c o n t i n u o u s   w a l l   p o r t i o n   20  of   s t e e l   or   t h e   l i k e ,   t h e  



i n t e r i o r   s u r r o u n d e d   by  w a l l   p o r t i o n   20  d e f i n i n g   t h e  

i n t e r s p a c e   in  w h i c h   t h e   f u n c t i o n i n g   c o m p o n e n t s   of   t h e  

a p p a r a t u s   a r e   h o u s e d .   A p p a r a t u s   10,  wou ld   have  at  i t s  

f i r s t   end  a  f e m a l e   t h r e a d e d   p o r t i o n   23  f o r   c o n n e c t i n g  

o n t o   i n t e r c h a n g e a b l e   t o p   sub  12  as   was  d i s c u s s e d  

e a r l i e r .   The  f i r s t   s e c t i o n   o f   a p p a r a t u s   10  would   b e  

t h e   e l e c t r o n i c   a s s e m b l y   m i c r o   p r o c e s s o r   s e c t i o n   5 0  

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

F i g u r e s   10  and  11,   w i t h   t h i s   s e c t i o n   50  h o u s i n g   t h e  

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

w o u l d   be  fed   by  e l e c t r i c a l   w i r e l i n e   28  i n t o   the   m i c r o  

p r o c e s s o r   a t   p o i n t   52  w i t h   m i c r o   p r o c e s s o r   b e i n g   h o u s e d  

in  s p a c e   54  w h i c h   i s   shown  as  a  b l a n k   s p a c e   in  t h e  

d r a w i n g s   as  was  e x p l a i n e d   e a r l i e r .   I t   s h o u l d   be  n o t e d  

t h a t   s p a c e   54  h a s   e x t e r i o r   w a l l   56  w h i c h   is  a  s e p a r a t e  

w a l l   p o r t i o n   f r o m   t h e   e x t e r i o r   w a l l   20  of   t h e   a p p a -  

r a t u s .   The  i n t e r   s p a c e   57  b e t w e e n   w a l l   56  and  w a l l   2 0  

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

p r o v i d i n g   an  e q u a l i z e d   p r e s s u r e   w i t h i n   t he   a p p a r a t u s  

f r o m   t h e   p r e s s u r e   w i t h o u t   t h e   a p p a r a t u s   as  w i l l   b e  

d i s c u s s e d   in  f u r t h e r   d e t a i l .   N a t u r a l l y ,   t he   m i c r o  

p r o c e s s o r   a s s e m b l y   50  wou ld   p r o v i d e   e l e c t r i c a l   i m p u l s e s  

or   t h e   l i k e   a t   i t s   l o w e r   end  59  i n t o   t h e   n e x t   s e c t i o n  

of   t h e   a p p a r a t u s   v i a   c o n t i n u o u s   l i n e   28  w h i c h ,   as  w a s  

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

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

c o n t i n u o u s l y   t h r o u g h   t he   a p p a r a t u s .  



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

a p p a r a t u s   a d j a c e n t   t he   m i c r o   p r o c e s s o r   i s   t h e   m o t o r  

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

s e c t i o n   b e i n g   i n d i c a t e d   by  n u m e r a l   60,   in  FIGURES  3,  3A 

and  A.  M o t o r   s e c t i o n   60  w o u l d   be  p r o v i d e d   on  i t s   f i r s t  

e n d ,   i . e .   t h a t   end  a d j a c e n t   t h e   m i c r o   p r o c e s s o r   s e c t i o n  

50,   a  m o u n t i n g   means   62  w h i c h   would   be  s e c u r e l y   m o u n t e d  

to   t h e   end  p o r t i o n   59  of  m i c r o   p r o c e s s i n g   u n i t   50,   w i t h  

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

ing   b r a c k e t   o r   t h e   l i k e .   M o u n t i n g   means   62  w o u l d   b e  

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

64 ,   66 ,   68  and  70 ,   i l l u s t r a t e d   in  F i g u r e   3  and  3 -A.   I t  

s h o u l d   be  n o t e d   t h a t   a l t h o u g h   d r i v e   m o t o r   64  and  68  a r e  

i l l u s t r a t e d ,   t h e r e   a r e   4  d r i v e   m o t o r s   s u b s t a n t i a l l y  

e q u i d i s t a n t   a p a r t   a r o u n d   t he   c i r c u m f e r e n t i a l   s p a c e  

w i t h i n   a p p a r a t u s   10,  t he   f u n c t i o n   w h i c h   w i l l   b e  

d e s c r i b e d   f u r t h e r .   B i - d i r e c t i o n a l   d r i v e   m o t o r s   64  

t h r o u g h   70  w o u l d   be  s e c u r e d   in  p l a c e   w i t h   m o u n t i n g  

p l a t e   72  on  t h e i r   s e c o n d   end ,   s a i d   m o u n t i n g   p l a t e   b e i n g  

a d a p t e d   w i t h   a  p l u r a l i t y   of  b o r e s   73  f o r   p r o v i d i n g   a  

t h r o u g h   p o r t   f o r   d r i v e   s h a f t s   74  of   m o t o r s   64  t h r o u g h  

70 .   S h a f t s   74  o f   t h e   p l u r a l i t y   of   d r i v e   m o t o r   64  

t h r o u g h   70  w o u l d   be  a d a p t e d   at  t h e i r   f u r t h e s t   end  o n t o  

b a l l   s c r e w   a s s e m b l y   mount   78  w h i c h   w o u l d   be  f i r m l y  

m o u n t e d   to   s h a f t s   74 ,   so  t h a t   r o t a t i o n   of  s h a f t   7 4  

w o u l d   i m p a r t   r o t a t i o n   to   b a l l   a s s e m b l y   m o u n t   82.  A s  

s e e n   in  t h e   FIGURES,   b a l l   s c r e w   a s s e m b l y   82  c o m p r i s e s   a  



m o u n t i n g   b a s e   78  m o u n t e d   to  s h a f t s   74  on  i t s   f i r s t   e n d  

and  e x t e n d i n g   i n t e g r a l   to   a  t h r e a d e d   s h a f t   p o r t i o n   8 0 ,  

w i t h   t he   b a l l   s c r e w   a s s e m b l y   i t s e l f   t h r e a d a b l y  

e n g a g e d   to   s h a f t   80  f o r   m o v e m e n t   t h e r e u p o n .   I n  

d e s c r i b i n g   t he   f u n c t i o n   of  b a l l   s c r e w   a s s e m b l y   8 2 ,  

a r r o w s   83  i l l u s t r a t e   t h e   m o v e m e n t   of   b a l l   s c r e w   a s s e m -  

b l y   82  d o w n w a r d   t o w a r d   b a s e   78  as   s h a f t   74  i s   r o t a t e d  

w h i c h   wou ld   i m p a r t   r o t a t i o n   to   t h r e a d e d   s h a f t   8 0 .  

I t   s h o u l d   be  made  c l e a r   t h a t   e ach   d r i v e   m o t o r s   64  

t h r o u g h   70  w o u l d   f u n c t i o n   i n d e p e n d e n t l y   of  one  a n o t h e r ,  

w i t h   e a c h   d r i v e   m o t o r   o p e r a t i n g   a  s e p a r a t e   and  i n d i v i -  

d u a l   b a l l   s c r e w   a s s e m b l y   82.   T h i s   i s   i m p e r a t i v e   in   t h e  

f u n c t i o n i n g   of   b a l l   s c r e w   a s s e m b l y   82  w h i c h   w i l l   b e  

d e s c r i b e d   f u r t h e r .  

B a l l   s c r e w   a s s e m b l y   82  i s   a t t a c h e d   on  i t s   s e c o n d  

end   to   m o u n t i n g   p l a t e   84  w h i c h   i s   a f f i x e d   to   an  i n t e r  

u n i t   sub  85  w i t h   sub  85  b e i n g   t h r e a d a b l y   a t t a c h e d   t o  

t h e   w a l l   p o r t i o n   51  o f   a p p a r a t u s   10.  Sub  85  i s   p o s i -  

t i o n e d   at   t h i s   p o i n t   so  t h a t   a c c e s s   can  be  had  b y  

t h r e a d a b l y   d i s e n g a g i n g   t h r u s t   m o t o r   s e c t i o n   60  in   o r d e r  

t o   have   e a s y   a c c e s s   to   t he   i n d i v i d u a l   b a l l   s c r e w   a s s e m -  

b l i e s   82.   As  s e e n   in  t h e   FIGURES,   t h e r e   i s   p r o v i d e d  

O - r i n g   88  a t   t h e   j u n c t u r e   of  m o t o r   s e c t i o n   60  and  i n t e r  

s u b   85  a g a i n   t o   p r e v e n t   f l u i d   c o n t a c t   f rom  t h e   o u t s i d e  

i n t o   t he   a s s e m b l y   u n i t .   Sub  85  p r o v i d e s   a  p l u r a l i t y   o f  

b o r e s   87  f o r   h o u s i n g   s h a f t s   88 ,   89 ,   90  and  91  r e s p e c t -  

i v e l y   e a c h   s h a f t   c o n n e c t a b l y   e n g a g e d   at   p o i n t   95  t o  



e a c h   s e p a r a t e   b a l l   s c r e w   a s s e m b l y   82.  S h a f t s   8 8  

t h r o u g h   91  a r e   s u b s t a n t i a l l y   h a r d   m e t a l   s h a f t s   w h i c h  

w i l l   move  a c c o r d i n g   to  the   m o v e m e n t   of  b a l l   s c r e w  

a s s e m b l y   82.  A g a i n ,   as  i l l u s t r a t e d   in  FIGURE  4,  e a c h  

s h a f t   88  t h r o u g h   91  is  p r o v i d e d   w i t h   an  O - r i n g   s e a l   96  

b e t w e e n   t h e   w a l l   p o r t i o n   of   sub  85  w h i c h   i s   c o n t i g u o u s  

w i t h   s h a f t   88  t h r o u g h   91  so  t h a t   f l u i d   l e a k a g e   i s  

p r e v e n t e d   f rom  o c c u r i n g   b e t w e e n   t h e   s h a f t s   88  t h r o u g h  

91  and  the   w a l l   of  sub  85.  L i k e w i s e ,   t h e r e   is  p r o v i d e d  

d o u b l e   O - r i n g s   98  and  99  b e t w e e n   a g a i n   t h e   w a l l   p o r t i o n  

of   sub  85  and  c o n t i n u o u s   e l e c t r i c a l   w i r e   28  t h a t   r u n s  

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

e a c h   c o m p o n e n t .  

The  l o w e r   mos t   p o r t i o n   of  sub  85  i s   a g a i n   t h r e a d -  

a b l e   e n g a g e d   to   t h e   w a l l   51  of   a p p a r a t u s   10,  a g a i n   p r o -  

v i d e d   w i t h   0 - r i n g   100  f o r   p r e v e n t i n g   f l u i d   l e a k a g e  

t h e r e i n t o .   F o l l o w i n g   t he   t h r e a d a b l y   e n g a g e m e n t   of   s u b  

85  o n t o   t he   n e x t   p o r t i o n   of  a p p a r a t u s   10,  as  s e e n   i n  

t h e   FIGURES,  s h a f t s   88  t h r o u g h   91  p r o t r u d e   o u t   of   t h e  

l o w e r   end  of  sub  85,   a n d / o r   t h r e a d a b l y   a t t a c h e d   a t  

p o i n t   102  to   a  p l u r a l i t y   o f   s l i d e a b l e   g a t e s   104  w h i c h  

can  be  i m p a r t e d   w i t h   m o v e m e n t   u p w a r d   and  d o w n w a r d   a s  

i l l u s t r a t e d   by  a r r o w   1 0 5 .  

A l t h o u g h   t he   f u n c t i o n i n g   of  g a t e s   104  w i l l   be  d i s -  

c u s s e d   f u r t h e r ,   t h e   m o v e m e n t s   of   g a t e s   104  i s   i m p a r t e d  

by  t h e   m o v e m e n t   of  b a l l   s c r e w   a s s e m b l y   82.   In  d e s c r i b -  

ing   t h i s   f u n c t i o n ,   r e t u r n i n g   b a c k   to   m o t o r   64  t h r o u g h  



68,   as  an  e x a m p l e   d r i v e   m o t o r   64 ,   upon  i m p a r t i n g   e l e c -  

t r i c a l   p o w e r   to   d r i v e   m o t o r   64 ,   s h a f t   80  w o u l d   b e  

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

o r   d o w n w a r d   d i r e c t i o n   d e p e n d i n g   on  t h e   d i r e c t i o n   o f   t h e  

r o t a t i o n   of  s h a f t   80.   Upon  b a l l   s c r e w   a s s e m b l y   m o v i n g  

u p w a r d   o r   d o w n w a r d ,   s h a f t  8 9   w o u l d   l i k e w i s e   move  in   t h e  

up  or  down  d i r e c t i o n   i m p a r t i n g   u p w a r d   or  d o w n w a r d   m o v e -  

men t   t o   g a t e   104 .   In  t h i s   p a r t i c u l a r   e x a m p l e ,   g a t e   1 0 4  

w o u l d   n o r m a l l y ,   in  the   down  p o s i t i o n ,   b l o c k   f l o w  

t h r o u g h   e x t e n d e d   p o r t   106B  f rom  t h e   o u t s i d e   ( S e e   a r r o w  

107  in  F I G . 3 - A ) ,   and  in  t h e   up  p o s i t i o n   a l l o w   f l o w  

t h e r e t h r o u g h .   The  f u n c t i o n   o f   p o r t   106 ,   w h i c h   w o u l d   b e  

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

r a t u s   10 ,   e a c h   p o r t   b e i n g   c o i n c i d e n t   w i t h   a  p a r t i c u l a r  

g a t e   1 0 4 ,   w i l l   be  more  f u l l y   d i s c u s s e d   in  t h e   " O p e r a -  

t i o n   of   t h e   A p p a r a t u s " .  

In  d i s c u s s i n g   the   f u n c t i o n i n g   of  t h e   n e x t   s e c t i o n  

of   t h e   a p p a r a t u s ,   i . e .   t h e   t h r u s t   and  i m p e l l e r   s e c t i o n  

1 1 0 ,   as  s e e n   in  FIGURES  4  and  5  i t   is  b e s t   d i s c u s s e d   i n  

c o n j u n c t i o n   w i t h   t h r u s t   d r i v e   m o t o r   s e c t i o n   150  a s  

i l l u s t r a t e d   in  FIGURE  6 .  

T h r u s t   i m p e l l e r   s e c t i o n   110  f o r   t he   mos t   p a r t ,  

h o u s e s   e x t e n d e d   i m p e l l e r   120 ,   as  s e e n   in   FIGURES  4  a n d  

5,  e x t e n d i n g   f rom  i t s   u p p e r   m o s t   p o i n t   at  m o u n t i n g   p o r -  

t i o n   1 2 2 ,   i . e .   m o u n t e d  i n   a  b o t t o m   m o s t   p o r t i o n   o f   s u b  

85 ,   f o r   a l l o w i n g   r o t a t i o n   of  t h e   s h a f t   p o r t i o n   123  o f  

i m p e l l e r   120 .   I m p e l l e r   120  f u r t h e r   p r o v i d e s   c o n t i n u o u s  



a n n u l a r   b l a d e   p o r t i o n   124  w h i c h   e x t e n d s   s u b s t a n t i a l l y  

t he   l e n g t h   of   s h a f t   123  t h r o u g h   s e c t i o n   110 ,   in  a  t y p e  

of  c o r k   s c r e w   f a s h i o n   f o r   a l l o w i n g   f low  of  f l u i d   t h e r e -  

t h r o u g h   as  b l a d e   124  i s   r o t a t e d .   I m p e l l e r   s e c t i o n   1 1 0  

as  is  s t a t e d   e a r l i e r ,   is  t h r e a d a b l y   e n g a g e d   to  t h e  

l o w e r   p o r t i o n   of   sub  85,   w h i c h   p r o v i d e s   a  c o n t i n u o u s  

w a l l   p o r t i o n   51  as  does   t he   p r e v i o u s   s e c t i o n s .   I t  

s h o u l d   be  n o t e d   h e r e ,   t h a t   w a l l   51  b e c o m e s   s u b s t a n t i a l -  

ly  t h i c k e n e d   b e t w e e n   p o i n t s   X &  Y,  so  t h a t   t he   i n n e r  

mos t   s u r f a c e   128  of   w a l l   51  s u b s t a n t i a l l y   a b u t s   t h e  

o u t e r   mos t   p o i n t   of  c o r k   s c r e w   i m p e l l e r   124  as  i s  

i l l u s t r a t e d   in  FIGURE  4  and  5.  T h e r e f o r e ,   any  f l u i d  

f l o w   t h r o u g h   t h e   s p a c e   129  d e f i n e d   by  the   i n n e r   m o s t  

s u r f a c e   128 ,   b e t w e e n   p o i n t s   X  and  Y  mus t   f l o w   w i t h i n  

t he   c o n f i n e s   of  b l a d e   124  r a t h e r   t h a n   a r o u n d   the   o u t e r  

e d g e s   of   b l a d e   124 .   T h i s   w o u l d   p r o v i d e   b e t t e r   m o v e m e n t  

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

w i l l   be  d e s c r i b e d   f u r t h e r .   As  s e e n   in  t h e   F I G U R E S ,  

w a l l   51  w h i c h   s u b s t a n t i a l l y   h o u s e s   i m p e l l e r   120  f r o m  

t h e   p o i n t   at   w h i c h   g a t e s   104  j o i n   w a l l   51  in  t h e   c l o s e d  

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

p o r t i o n   130  to   t h e   d e s i r e d   t h i c k n e s s   a t   i n t e r i o r   s u r -  

f a c e   128  and  l i k e w i s e   at  t h e   s e c o n d   end  of  the   w a l l  

p o r t i o n   of   a  s e c o n d   s l o p i n g   s h o u l d e r   132  to   r e t u r n   t o  

t h e   n o r m a l   t h i c k n e s s   of  w a l l   5 1 .  

T h e r e f o r e ,   a t   e i t h e r   end  p o r t i o n   of   i m p e l l e r   124 ,   t h e r e  

is   p r o v i d e d   a  g r e a t e r   i n t e r i o r   s p a c e   135  t h a n   t h e  



i n t e r i o r   s p a c e   129  b e t w e e n   c o n t i n u o u s   i n n e r   s u r f a c e s  

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

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

s e c t i o n   1 1 0 .  

E a r l i e r ,   t h e r e   was  d e s c r i b e d   f l u i d   f l o w   t h r o u g h  

i n t e r i o r   129  of   t h e   a p p a r a t u s ,   as  t h e   i m p e l l e r   w a s  

o p e r a t e d .   T h i s   f l u i d   f l o w   wou ld   be  d i r e c t e d   from  t h e  

e x t e r i o r   of   t h e   a p p a r a t u s   in   s u r r o u n d i n g   a r e a   24  w h i c h  

w o u l d   be  d r i l l i n g   f l u i d   or  t he   l i k e .   In  o r d e r   t o  

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

i m p e l l e r   124  a  p l u r a l i t y   of  o p e n i n g s   138  w h i c h ,   u n l i k e  

o p e n i n g s   106 ,   h a v e   no  a c c o m m o d a t i o n s   f o r   a  m o v a b l e   g a t e  

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

as  s e e n   by  a r r o w s   139.   H o w e v e r ,   i t   can   be  s e e n   in  t h e  

FIGURES  t h a t   a l t h o u g h   f l u i d   is  a l l o w e d   to  f l o w   i n t o  

p o r t s   138  and  up  a r o u n d   i m p e l l e r   120  to   p o r t s   106 ,   i f  

g a t e s   104  a r e   in  t h e   c l o s e d   p o s i t i o n ,   f l u i d   w i l l   b e  

b l o c k e d   ( s e e   FIG.   3 - A ) .   Thus   t h e   s p a c e s   s u b s t a n t i a l l y  

129 ,   135  and  l36  w i l l   be  f i l l e d   w i t h   f l u i d   a l l o w i n g   n o  

a d d i t i o n a l   f l u i d   to   f l o w   i n t o   p o r t s   138 .   T h e r e f o r e ,  

t h e r e   w i l l   be  no  f l u i d   f l o w   t h r o u g h   t h e   s p a c e s   u n l e s s  

and  u n t i l   a t   l e a s t   one  g a t e   104  i s   a t   l e a s t   in  t h e  

p a r t i a l l y   o p e n e d   p o s i t i o n .   The  r e a s o n s   f o r - o p e n i n g   a n d  

c l o s i n g   o f   g a t e s   104  s h a l l   be  d i s c u s s e d   f u r t h e r   in  t h e  

" O p e r a t i o n   of  t he   A p p a r a t u s . "  

The  l o w e r   m o s t   end  of   t h r u s t   i m p e l l e r   s e c t i o n   1 1 0 ,  

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



n e x t   l o w e r   t h r u s t   d r i v e   m o t o r   s e c t i o n   150  v i a   t h r e a d s  

140 .   I t   s h o u l d   be  n o t e d   a g a i n   t h e r e   is   p r o v i d e d   a n  

0 - r i n g   142  to   s e a l a b l y   e n g a g e   any  f l u i d   f low  from  t h e  

o u t s i d e   w h i c h   may  l e a k   i n t o   t h r e a d s   140.   As  was  a l s o  

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

s e c t i o n   150  s u b s t a n t i a l l y   a c c o m m o d a t e s   b i - d i r e c t i o n a l  

m o t o r   152  w h i c h   l i k e   t he   p r e v i o u s   f u n c t i o n i n g   a s p e c t s  

of  a p p a r a t u s   10  i s   p r o v i d e d   w i t h   e l e c t r i c a l   p o w e r   v i a  

c o n t i n u i n g   e l e c t r i c a l   l i n e   28  f o r   f u n c t i o n i n g .   As  s e e n  

in  t h e   d r a w i n g s ,   m o t o r   152  i s   h o u s e d   w i t h i n   a  sub  1 5 4  

w h i c h   is  m o u n t e d   v i a   a  p a i r   of  m o u n t i n g   s c r e w s   156  a n d  

158  a t   i t s   u p p e r   mos t   end  t h r o u g h   the   t o p   p o r t i o n   1 5 9  

of  sub  154 .   Of  c o u r s e   upon  i m p a r t i n g   e l e c t r i c a l   p o w e r  

to  m o t o r   152 ,   s h a f t   123  i s   r o t a t e d   e i t h e r   d i r e c t i o n   a s  

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

124  in  t h e   m o v e m e n t   of  t h e   i m p e l l e r .   Motor   152 ,   in  t h e  

p r e f e r r e d   e m b o d i m e n t ,   wou ld   be  a b l e   to  a c c o m m o d a t e   a  

p l u r a l i t y   of  s p e e d s   and  t h u s   d e p e n d i n g   on  the   need   f o r  

p o w e r ,   wou ld   f u n c t i o n   a c c o r d i n g l y .   L i k e   the  m i c r o  

p r o c e s s o r   s e c t i o n   50  as  was  d i s c u s s e d   e a r l i e r ,   m o t o r  

152  i s   h o u s e d   w i t h i n   an  a n n u l a r   s p a c e   160  of   sub  1 5 4 ,  

p r o v i d i n g   a  s p a c e   161  b e t w e e n   t h e   w a l l   p o r t i o n   of   m o t o r  

152  and  t he   i n n e r   s u r f a c e   162  of   sub  154.  T h i s   s p a c e  

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

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

t he   o u t e r   w a l l   of  t he   a p p a r a t u s   which   c o u l d   do  d a m a g e  

to  t he   m o t o r   h o u s e d   w i t h i n   sub  1 5 4 .  



F i g u r e s   7  and  7A  i l l u s t r a t e   t he   n e x t   s e c t i o n   o f  

a p p a r a t u s   10  b e i n g   e l e c t r i c   t r a n s d u c e r   s e c t i o n   1 6 0 ,  

b e i n g   of  the   t y p e   m a n u f a c t u r e d   by  P i e z o   E l e c t r i c ,   I n c .  

S e c t i o n   160  c o m p r i s e s   s e v e r a l   i n t e r c o n n e c t i n g   sub  u n i t s  

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

w i t h   t h e i r   r e l a t i o n s h i p   to   t h e   s e v e r a l   o t h e r   c o m p o n -  

e n t s .   W i t h i n   t r a n s d u c e r   s e c t i o n   160 ,   t h e r e   is  p r o v i d e d  

u p p e r   sub   172  w h i c h   t h r e a d a b l y   e n g a g e s   t o   t h e   l o w e r  

p o r t i o n   of  t h r u s t   i m p e l l e r   s e c t i o n   150  a g a i n   p r o v i d i n g  

an  O - r i n g   173  f o r   f l u i d   t i g h t   c o n n e c t i o n   t h e r e   b e t w e e n .  

Sub  172  f u r t h e r   p r o v i d e s   an  i n t e r i o r  

c o n t i n u o u s   b o r e   174  f o r   h o u s i n g   c o n t i n u o u s   e l e c t r i c a l  

w i r e   28  f o r   p r o v i d i n g   e l e c t r i c a l   e n e r g y   t h e r e t o .  

C o n t a i n e d   w i t h i n   b o r e   174  i s   a  p a i r   of   O - r i n g s   175  a n d  

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

174  End   t h e   e x t e r i o r ,   p a r t i c u l a r l y   s p a c e   160  w h i c h   i s  

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

p a i r   o f   b o r e s   178  and  180  r u n n i n g   t h r o u g h   t h e   b o d y  

p o r t i o n   of  sub  122  w h e r e i n   s a i d   b o r e s   178  and  180  a r e  

in   f l u i d   c o m m u n i c a t i o n   w i t h   s p a c e   160  f o r   r e c e i v i n g  

t h e r e i n t o   s i l i c o n   o i l   a l s o .   Body  p o r t i o n   172  a l s o  

p r o v i d e s   f i l l i n g   s c r e w   182  w h i c h   i s   r e m o v a b l e   f o r  

i n j e c t i n g   s i l i c o n   o i l   v i a   b o r e   178  i n t o   s p a c e   160  f o r  

p r o v i d i n g   o i l   s u r r o u n d i n g   m o t o r   152  and  i n t o   b o r e s   1 7 8  

and  180 .   Sub  172  a l s o   p r o v i d e s   an  u p p e r   t h r e a d e d  

s e c t i o n   186  w h i c h   t h r e a d a b l y   e n g a g e s   a t   i t s   l o w e r   e n d  

an  e x t e n d e d   e x t e r i o r   c o l l a r   s e c t i o n   190  w i t h   c o l l a r   1 9 0  



a d a p t e d   w i t h   a  p l u r a l i t y   of  6  s l o t s   191  t h r o u g h   1 9 6  

o p e n i n g   to   t h e   e x t e r i o r   of   a p p a r a t u s   10.  C o n t a i n e d  

w i t h i n   c o l l a r   p o r t i o n   190  i s   an  e l e c t r i c   t r a n s d u c e r  

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

e l e c t r i c   t r a n s d u c e r   200  w h i c h   is  s u b s t a n t i a l l y   a  c o l l a r  

m o u n t e d   on  e i t h e r   end  by  m o u n t i n g   by  r u b b e r   m o u n t s   2 0 2  

and  2 0 4 .   C o m p l e t e l y   s u r r o u n d i n g   the   t r a n s l u c e n t   2 0 0  

t h e r e   i s   m o u n t e d   a  c o n t i n u o u s   r u b b e r   b o o t   205  w h i c h  

p r o v i d e s   p r o t e c t i o n   of  t r a n s l u c e n t   200  f rom  t h e  

e x t e r i o r   d r i l l i n g   f l u i d   and  t h e   l i k e   w h i c h   w o u l d   b e  

a c c e s s i b l e   to  t he   t r a n s d u c e r .  

I t   s h o u l d   be  n o t e d   t h a t   i n t e r i o r   to  t he   t r a n s d u c e r  

i s   m e t a l   s h a f t   p o r t i o n   208  w h i c h   i s   a  s h a f t   i n t e g r a l  

f rom  t h e   body  p o r t i o n   of  sub  172  and  a l s o   h a v i n g   a n  

i n t e r i o r   b o r e   174  f o r   h o u s i n g   e l e c t r i c a l   w i r e   28  as  i t  

t r a v e l s   t h r o u g h   a p p a r a t u s   10.  S h a f t   208  c o n n e c t a b l y  

e n g a g e s   a  s e c o n d   l o w e r   i n t e r i o r   sub  210  v i a   t h r e a d e d  

p o r t i o n   233 .   Upon  t h r e a d a b l y   e n g a g i n g   s h a f t   208  o n t o  

i n t e r i o r   sub  210  p r o v i d e s   a  r e m o v a b l e   means   f o r   o b t a i n -  

ing  a c c e s s   t o  e l e c t r i c   t r a n s d u c e r   s e c t i o n   160  w h i c h   i s  

h o u s e d   b e t w e e n   t h e   body  p o r t i o n   of   l o w e r   sub  172  a n d  

t h e   u p p e r   p o r t i o n   of  i n t e r i o r   sub  210 .   I n t e r i o r   s u b  

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

a  m a l e   p o r t i o n   of  t he   n e x t   l o w e r   sub  a g a i n   p r o v i d i n g   a  

p a i r   of   O - r i n g s   211  and  212  f o r   p r o v i d i n g   a g a i n   a  f l u i d  

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

a p p a r a t u s .  



As  is   f u r t h e r   s e e n   in  FIGURE  6,  at  t he   end  p o i n t  

213  of   s h a f t   208 ,   e l e c t r i c a l   l i n e   214  b r a n c h e s   o f f   f r o m  

p r i m a r y   e l e c t r i c   w i r e   28  to   p r o v i d e   e l e c t r i c a l   p o w e r  

v i a   c o n n e c t o r   w i r e   215  to   i n t e r n a l   t r a n s d u c e r   2 0 0 .  

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

d u c e r   2 0 0 ,   as  i s   common,   w o u l d   e m i t   u l t r a s o n i c   w a v e s  

o u t w a r d   of   t h e   t r a n s d u c e r   i n t o   t he   a r e a   s u r r o u n d i n g   t h e  

a p p a r a t u s .   So  t h a t   t h e   u l t r a s o n i c   e n e r g y   f rom  t h e  

t r a n s d u c e r   can   be  made  a c c e s s i b l e   to  t he   e x t e r i o r   o f  

t h e   a p p a r a t u s ,   v e r t i c a l l y   d i s p o s e d   s l o t s   191  t h r o u g h  

196  p r o v i d e   e x t e r i o r   a c c e s s   f o r   u l t r a s o n i c   waves   t o  

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

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

f u r t h e r .   I t   s h o u l d   be  f u r t h e r   n o t e d   t h a t   c o l l a r   1 9 0 ,  

as  was  d i s c u s s e d   e a r l i e r   is   m o u n t e d   v i a   t h r e a d a b l y  

e n g a g e m e n t   a t   p o i n t   186  to   sub  172 ,   on  i t s   l o w e r   m o s t  

end  is   e n g a g e d   a g a i n s t   t he   i n t e r i o r   sub  210  v i a   a  

p l u r a l i t y   o f   m o u n t i n g   s c r e w s   2 2 6 ,   t h e r e f o r e   o b t a i n i n g  

t o t a l   s t a b i l i t y   a l o n g   t h e   l e n g t h   of  c o l l a r   1 9 0 .  

T h e r e   i s   t h r e a d a b l y   e n g a g e d   to   i n t e r i o r   sub   2 1 0  

h o u s i n g   sub   230  as  s e e n   in  FIGURES.7   and  8,  w h i c h   f o r  

t h e   m o s t   p a r t   wou ld   h o u s e   m e c h a n i c a l   v i b r a t i o n   c o i l  

a s s e m b l y   2 3 2 .   Sub  230  c o m p r i s e s   u p p e r   male   t h r e a d  

e n g a g i n g   p o r t i o n   233  w h i c h   t h r e a d a b l y   e n g a g e s   t h e   l o w e r  

m o s t   p o r t i o n   of  sub  210  and  f u r t h e r   p r o v i d e s   a  p a i r   o f  

0 - r i n g s   211  and  212  f o r   a  f l u i d   s e a l   t h e r e   b e t w e e n .   On 

i t s   l o w e r m o s t   end ,   sub  230  t h r e a d a b l y   a t t a c h e s   t o  



c o n n e c t i o n s   sub  160 ,   w i t h   0 - r i n g s   261  p r o v i d i n g  0 1  8 5 1 1 1  

f l u i d - t i g h t   s e a l   to   t h e   o u t s i d e .   Sub  230  f u r t h e r  

p r o v i d e s   i n t e r i o r   b o r e   234  w h i c h   h o u s e s   c o n t i n u o u s  

e l e c t r i c   l i n e   28  t h r o u g h   i t s   i n t e r i o r .   And  p r o v i d e s   a n  

i n t e r i o u r   a n n u l a r   s p a c e   235  f o r   h o u s i n g   v i b r a t i o n   c o i l  

a s s e m b l y   2 3 2 .   C o i l   a s s e m b l y   232  f u r t h e r   c o m p r i s e s   a  

s p r i n g   l o a d e d   s o l e n o i d   238  w h i c h   t h r e a d a b l y   e n g a g e s  

i n t o   t h e   i n t e r i o r   o f   sub  230  a t   t h r e a d s   2 3 7 ,   s o l a n o i d  

238  c o m p r i s i n g   m o u n t i n g   p o r t i o n   240  w h i c h   is  s u b s t a n -  

t i a l l y   an  a n n u l a r   m o u n t i n g   m e a n s   w i t h   an  i n t e r i o r   b o r e  

242  s u r r o u n d e d   by  s o l e n o i d   c o i l s   243  h o u s e d   w i t h i n   b o r e  

242  i s   s p r i n g   244  w h i c h   i s   b i a s e d   a g a i n s t   t h e   i n t e r i o r  

u p p e r   s h o u l d e r   245  d e f i n i n g   t h e   u p p e r   mos t   w a l l   of  b o r e  

242  w i t h   s p r i n g   244  e x t e n d i n g   to   i t s   l o w e r   mos t   end  i n  

c o n t a c t   w i t h   e x t e n d a b l e   s h a f t   2 5 0 .   S h a f t   250  e x t e n d s  

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

be  e x p l a i n e d   f u r t h e r .   A p p r o x i m a t e l y   one  t h i r d   d o w n  

s h a f t   250  i s   a n n u l a r   s h o u l d e r   p o r t i o n   252  w h i c h   r e s t s  

b e t w e e n   t h e   end  p o r t i o n   of  s o l e n o i d   h o u s i n g   240  a n d  

l o w e r   n e x t   sub  2 6 0 .   As  s e e n   in  t h e   FIGURES,  s h o u l d e r  

252  i s   a b u t t i n g   t h e   u p p e r   mos t   edge   of  c o n n e c t i n g   s u b  

2 6 0 ,   and  t h e r e   i s   p r o v i d e d   a  s p a c e   254  b e t w e e n   t h e  

l o w e r   m o s t   edge   of  s o l e n o i d   h o u s i n g   240  and  s h o u l d e r  

252  so  t h a t   upon   t h e   a c t i v a t i o n   of   s o l e n o i d   238 ,   w h e r e -  

in  s p r i n g   244  i s   r e t r a c t e d ,   s h a f t   250  i s   a l l o w e d   t o  

: tove   u p w a r d l y   w i t h i n   t h a t   s p a c e   to   p r o v i d e   the   n e c e s s -  

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



2 3 2 ,   p r e f e r a b l y   at  a  s p e e d   of  60  c y c l e s   pe r   m i n u t e   ( s e e  

a r r o w s   2 6 1 ) .   As  i s   s e e n   in  t h e   FIGURE,  s h a f t   2 5 0  

e x t e n d s   t h r o u g h   a  b o r e   260  t h r o u g h   the   c e n t e r   o f  

c o n n e c t i n g   sub  264  w i t h   O - r i n g   265  p r o v i d i n g   a  f l u i d  

t i g h t   s e a l   b e t w e e n   t h e   w a l l   of  s h a f t   250  and  the   i n n e r  

w a l l   o f   b o r e   264  in  o r d e r   to   p r e v e n t   f l u i d   c o n t a c t   w i t h  

v i b r a t i o n   c o i l   a s s e m b l y   232 .   The  l o w e r   p o r t i o n   o f  

c o n n e c t i n g   sub  260  i s   p r o v i d e d   w i t h   m a l e   e n g a g i n g   p o r -  

t i o n   270  w h i c h   t h r e a d a b l y   e n g a g e s   an  a n n u l a r   c o l l a r  

p o r t i o n   272  w h i c h   i s   p r o v i d e d   w i t h   a  p l u r a l i t y   o f   p o r t s  

274  t h r o u g h o u t   i t s   l e n g t h   in  o r d e r   to  a c c o m m o d a t e   t h e  

m o v e m e n t   o f   f l u i d   in  and  o u t   o f   t h e   p o r t i o n   as  w i l l   b e  

d i s c u s s e d   f u r t h e r .   C o l l a r   272  h o u s e s   s h a f t   250  w h i c h  

e x t e n d s   t h r o u g h   t h e   i n t e r i o r   s p a c e   o f   c o l l a r   272  a n d  

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

l i n e   28 .   T h e r e   i s   p r o v i d e d   r u b b e r   b e l l o w s   276  s e a l a b l y  

a t t a c h e d   at   i t s   u p p e r   p o r t i o n   277  o n t o   t h e   l o w e r   m o s t  

m a l e   p o r t i o n   270  of  sub  260  and  on  i t s   l o w e r   mos t   e n d  

t o   t h e   n e x t   c o n n e c t i n g   sub  280 .   As  s e e n   in  t he   d r a w -  

i n g s ,   t h e   i n t e r i o r   s p a c e   275  b e t w e e n   r u b b e r   b e l l o w s   2 7 6  

a n d   t h e   e x t e r i o r   w a l l   of  s h a f t   250  i s   f i l l e d   w i t h   a  

t y p e   o f   s i l i c o n   o i l ,   p r e f e r a b l y   Dow  C o r n i n g   200  f l u i d .  

As  s e e n   in  t h e   FIGURE,  s i l i c o n   o i l   is   i n s e r t e d   i n t o   t h e  

r u b b e r   b e l l o w s   v i a   t h e   i n s e r t i o n   c h a n n e l   282  w h i c h  

e x t e n d s   f rom  t he   i n t e r i o r   of  b o o t   276  t h r o u g h   t he   b o d y  

p o r t i o n   of   sub  260  and  o u t w a r d   t o   t h e   i n t e r i o r   a t   p o i n t  

2 8 3   w h i c h   is  n o r m a l l y   p l u g e d   by  p l u g   s c r e w   284 .   I n  



o r d e r   to  m a i n t a i n   t he   o i l   w i t h i n   b e l l o w s   2 7 6 ,   t h e r e   i s  

p r o v i d e d   u p p e r   0 - r i n g   265  b e t w e e n   t h e   body   of  sub  2 6 0  

and  the   s h a f t   250 ,   and  t he   l o w e r   0 - r i n g   284  w h i c h  

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

n e x t   c o n n e c t o r   sub  280  and  t h e   s h a f t   2 5 0 .   T h e r e f o r e ,  

t h e   o i l   i s   m a i n t a i n e d   w i t h i n   t h e   b e l l o w s   b e t w e e n   t h e s e  

two  O - r i n g s   even   as  s h a f t   250  v i b r a t e s   u p w a r d   and  d o w n -  

w a r d .   The  l o w e r   m o s t   end  p o r t i o n   of  s h a f t   250  i s  

t h r e a d a b l y   e n g a g e d   to  l o w e r   m o s t   c o n n e c t o r   sub  2 8 0 ,  

w i t h   t h e   l o w e r   p o r t i o n   of   sub   280  t h r e a d a b l y   c o n n e c t i n g  

o n t o   l o w e r   m o s t   i n t e r c h a n g e a b l e   b o t t o m   sub  3 0 0 .  

C o n n e c t o r   sub  280  l i k e w i s e   h a s   a n  

i n t e r i o r   b o r e   282  f o r   p r o v i d i n g   a  s p a c e   f o r   c o n t i n u i n g  

e l e c t r i c   l i n e   28  to   r u n   t h e r e t h r o u g h   w i t h   t h e   l o w e r  

m o s t   p o r t i o n   of  sub  280  p r o v i d i n g   a  f e m a l e   a n n u l a r   w a l l  

p o r t i o n   286  t h e   i n t e r i o r   of   w h i c h   p r o v i d e s   t h r e a d s   2 8 8  

f o r   t h r e a d a b l y   e n g a g i n g   sub  300  t h e r e i n t o .   L i k e w i s e ,  

t h e r e   i s   f u r t h e r   p r o v i d e d   a  p a i r   of  O - r i n g s   289  and  2 9 0  

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

s i d e .   I t   s h o u l d   be  n o t e d   t h a t   t h e r e   i s   p r o v i d e d   a  

s h o u l d e r   p o r t i o n   291  on  sub  280  w h i c h   w o u l d   have   a  

s p a c e   292  b e t w e e n   i t   and  t h e   l o w e r   m o s t   e d g e   293  o f  

a n n u l a r   c o l l a r   2 7 2 .   T h i s   s p a c e   is  c r i t i c a l   in  v i ew   o f  

t h e   f a c t   t h a t   as  s h a f t   250  i s   c y c l e d   u p w a r d   and  d o w n -  

ward   b e t w e e n   s o l e n o i d   238  and  s p r i n g   2 4 4 ,   t h e   s p a c e  

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

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



d o w n w a r d   movemen t   o c c u r s .  

L i k e   u p p e r   sub  12,  b o t t o m   sub  300 ,   as  e x p l a i n e d  

e a r l i e r ,   i s   t h r e a d a b l y   e n g a g e d   to   t h e   l o w e r   m o s t   p o r -  

t i o n   of  c o n n e c t o r   sub  2 8 0 ,   and  a l s o   has  an  a n n u l a r  

i n t e r   s p a c e   302  f o r   h o u s i n g   e l e c t r i c   l i n e   28  as  i t  

c o n n e c t s   o n t o   t h e   b o t t o m   c o n n e c t o r   p o r t i o n   304  w h i c h  

w o u l d   make  m a t i n g   c o n t a c t   w i t h   t h e   l o g g i n g   e q u i p m e n t  

310  as  s e e n   in  p h a n t o m   in  FIGURE  9.  The  l o w e r   mos t   e n d  

o f   b o t t o m   sub  300  w o u l d   be  a c c o m m o d a t e d   w i t h   m a l e  

t h r e a d e d   p o r t i o n   306  f o r   t h r e a d a b l y   a c c o m m o d a t i n g  

l o g g i n g   e q u i p m e n t   310 ,   and  f o l l o w i n g   t h e   t h r e a d i n g   o f  

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

m a d e  a t   p o i n t   309  f o r   p r o v i d i n g   e l e c t r i c a l   p o w e r   to   t h e  

l o g g i n g   e q u i p m e n t   as  i t   is  u s e d   down  the   h o l e .  

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

c o u l d   be  a t t a c h a b l e   b e t w e e n   t h e   u p p e r   end  mos t   p o r t i o n  

of   t h e   a p p a r a t u s   and  u p p e r   sub  12  o r   l o w e r   sub  3 0 0 .  

T h i s   p a r t i c u l a r   a t t a c h m e n t   wou ld   be  e n t i t l e d   an  e x p l o -  

s i v e   p r o p e l l e n t   c h a r g e d   sub  320  as  s e e n   in  FIGURE  1 2 .  

E x p l o s i v e   sub  320  w o u l d   p r o v i d e   on  i t s   f i r s t   end  a  m a l e  

t h r e a d a b l e   c o l l a r   321  f o r   t h r e a d a b l y   e n g a g i n g   a  p o r t i o n  

of   t h e   a p p a r a t u s   10.  T h e r e   i s   a l s o   p r o v i d e d   a  p a i r   o f  

O - r i n g s   322  and  324  f o r   d i s a l l o w i n g   f l u i d   f l o w   b e t w e e n  

t h e   o u t s i d e   and  t h e   i n t e r i o r   of  t h e   s u b .   P r o v i d e d  

w i t h i n   t h e   i n t e r i o r   o f   sub   320  w o u l d   be  c e n t r a l   b o r e  

325  e x t e n d i n g   s u b s t a n t i a l l y   t h e   l e n g t h   of  sub  3 2 0  

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



e l e c t r i c   l i n e   28 .   Upon  e n t e r i n g   sub  320 ,   e l e c t r i c   l i n e  

28  wou ld   have   a  p a i r   o f   e l e c t r i c   f e e d e r s   326  and  327  

e a c h   s u p p l y i n g   e l e c t r i c a l   c u r r e n t   to  i n d e p e n d e n t   e l e c -  

t r i c   l i n e s   328  and  329  a t   e l e c t r i c a l   c o n n e c t i o n s   3 3 0  

and  332  r e s p e c t i v e l y .   L i n e s   328  and  329  r e s p e c t i v e l y  

w o u l d   l e a d   i n t o   a  p a i r   of   c h a m b e r s   340  and  342 ,   e a c h  

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

sub   320  v i a   p o r t a l s   350  and  352.   C o n t a i n e d   w i t h i n   e a c h  

of   c h a m b e r s   and  340  and  342  i s   e x p l o s i v e   means   354  a n d  

356  r e s p e c t i v e l y .   E x p l o s i v e   means   354  and  356  w o u l d  

c o m p r i s e   d e t e n a t o r   c a p s   358  and  359  c o n n e c t e d   t o  

e x p l o s i v e   c h a r g e s   360  and  362  r e s p e c t i v e l y .   S h o u l d   t h e  

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

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

c a p   f o r   d e t e n a t i n g   e i t h e r   e x p l o s i v e   c h a r g e s   360  or   3 6 2  

d e p e n d i n g   on  t h e   r e l a t i v e   l o d g i n g   of   t h e   a p p a r a t u s ,  

w i t h   t he   e x p l o s i v e   c h a r g e   e m i t t i n g   a  r e t r o   t y p e   of  f i r e  

365  t h r o u g h   p o r t   350  or  352  in  o r d e r   to   p u s h   t h e   a p p a -  

r a t u s   upward   we re   t h e   l o w e r   e x p l o s i v e   sub  d e t e n a t e d   o r  

t o   p u s h   t h e   a p p a r a t u s   d o w n w a r d   w e r e   t h e   u p p e r   s u b  

d e t e n a t e d .  

What  f o l l o w s   i s   an  e x p l a n a t i o n   w h i c h   p r o v i d e s   t h e  

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

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

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

f u n c t i o n s   w i t h   t h i s   t y p e   of  e q u i p m e n t .  



OPERATION  OF  APPARATUS 

In  t he   use   of  a p p a r a t u s   10,  a p p a r a t u s   10  would   b e  

t h r e a d a b l y   c o n n e c t e d   a t   i t s   u p p e r m o s t   end  to  b r i d l e   4 5  

w h i c h   w o u l d   be  a  f l e x i b l e   c o n n e c t o r   a p p r o x i m a t e l y   20  

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

and  t h e   l i k e   f o r   p r o v i d i n g   e l e c t r o   c o n n e c t i o n   b e t w e e n  

t h e   w i r e l i n e   upon  w h i c h   t h e   e q u i p m e n t   i s   l o w e r e d   d o w n  

in  t he   a p p a r a t u s .   As  was  s t a t e d   e a r l i e r ,   in  v iew  o f  

t h e   f a c t   t h a t   d i f f e r e n t   m a n u f a c t u r e r s   m a n u f a c t u r e  

d i f f e r e n t   s i z e d   l i n k a g e s   f o r   b r i d l e s ,   a p p a r a t u s   10  f o r  

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

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

12  f o r   c o n n e c t i v e l y   e n g a g i n g   a p p a r a t u s   10  t h e r e u n t o .  

At  t h e   l o w e r   mos t   end  of  a p p a r a t u s   10,  a g a i n   i n t e r -  

c h a n g e a b l e   b o t t o m   sub  300  l i k e   t o p   sub  12,  wou ld   be  o f  

v a r y i n g   s i z e s   d e p e n d i n g   on  t h e   m a n u f a c t u r e r   of  t h e  

l o g g i n g   e q u i p m e n t   to   be  u t i l i z e d   in  t he   p a r t i c u l a r  

d o w n h o l e   e x e r c i s e .   The  l o g g i n g   e q u i p m e n t   would   b e  

a g a i n   t h r e a d a b l y   e n g a g e d   to   t h e   b o t t o m   sub  300  a n d  

wou ld   be  e l e c t r i c a l l y   c o n n e c t e d   w i t h i n   the   l i n k a g e  

p r o v i d e d   w i t h i n   sub  300  f o r   e l e c t r i c a l   power   to   t h e  

l o g g i n g   e q u i p m e n t .  

In  e x p l a i n i n g   t he   o p e r a t i o n   of  a p p a r a t u s   10,  i t  

m u s t   be  k e p t   in   mind  t h a t   t h e   a p p a r a t u s   i s   p r i m a r i l y   a  

s t e e r i n g   and  g u i d a n c e   and  t h r u s t i n g   t o o l   u t i l i z e d   i n  

l o w e r i n g   l o g g i n g   e q u i p m e n t   down  i n t o   t he   h o l e .   L o g g i n g  

e q u i p m e n t ,   f o r   t he   mos t   p a r t   wou ld   be  i n v o l v e d   i n  



s o n i c ,   n u c l e a r   or  e l e c t r i c a l   m e a s u r i n g   i n s t r u m e n t s  

l o w e r e d   i n t o   t h e   h o l e   and  r e c o r d i n g   t h e   d a t a   f o r   e v a l u -  

a t i o n .   The  s e n s i n g   l o g g i n g   e q u i p m e n t   can  t r a n s m i t   d a t a  

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

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

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

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

l o g g i n g   e q u i p m e n t   be  l o w e r e d   p r o p e r l y   down  i n t o   t h e  

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

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

e q u i p m e n t   l o d g e d   w i t h i n   the   h o l e   i t s e l f .  



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

10  i n t e r m e d i a t e   t h e   b r i d l e   and  t h e   l o g g i n g   e q u i p m e n t ,  

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

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

t h e   w e l l   s u r f a c e   v i a   e l e c t r i c a l   l i n e   28  so  t h a t   a l l  

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

of   t h e   l o g g i n g   e q u i p m e n t   i t s e l f   is   p r o v i d e d   w i t h   a  

s o u r c e   of   e l e c t r i c a l   p o w e r .   B r i e f l y   c o n c e r n i n g   t h e  

f u n c t i o n i n g   of  m i c r o   p r o c e s s o r   50,   t h e   c i r c u i t y   o f  

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

t i o n ,   i t   s h o u l d   be  k e p t   in  mind  t h a t   m i c r o   p r o c e s s o r   5 0  

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

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

p o s i t i o n   of  t h e   t o o l   down  t h e   h o l e ,   t h e   r e l a t i v e   i n c l i -  

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

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

m a t i c a l l y   p r o v i d e s   t he   n e c e s s a r y   s i g n a l s   fo r   m a i n t a i n -  

ing   t h e   p r o p e r   f u n c t i o n i n g   of   t h e   t o o l   so  t h a t   i t  

a c c o m p l i s h e s   i t s   t a s k   in  w o r k i n g   w i t h   t he   l o g g i n g  

e q u i p m e n t .  

The  f i r s t   m e c h a n i c a l   f u n c t i o n i n g   of  the   t o o l  

i t s e l f   a d j a c e n t   t h e   m i c r o   p r o c e s s o r   and  w o r k i n g   d i r e c t -  

ly   b e l o w   i t   wou ld   be  m o t o r   s e c t i o n   60  w h i c h   c o m p r i s e s  

t h e   4  t h r u s t   b i - d i r e c t i o n a l   m o t o r s   and  b a l l   s c r e w  

a s s e m b l i e s   64  t h r o u g h   70  r e s p e c t i v e l y .   In  c o m p r e h e n d -  

ing   t h e   f u n c t i o n i n g   t h e   m o t o r   s e c t i o n ,   i t   must   b e  

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



a l s o .   The  m o t o r   s e c t i o n   60  and  t h r u s t   i m p e l l e r   s e c t i o n  

110  a r e   t h e   p r i m a r y   means   f o r   p r o v i d i n g   v e r t i c a l   a n d  

l a t e r a l   s t e e r i n g   g u i d a n c e   and  t h r u s t   to  t he   a p p a r a t u s  

up  and  down  w i t h i n   t h e   h o l e .   As  was  s t a t e d   e a r l i e r ,  

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

t h r u s t   d r i v e   m o t o r   152 ,   w h i c h   is   l i k e   a l l   i t e m s   w i t h i n  

t h e   t o o l   e l e c t r i c a l l y   d r i v e n   and  w i t h   the   p r o p e r   g e a r  

r a t i o   to   p r o v i d e   the   p r o p e r   s p e e d s .   T h r u s t   m o t o r   i s  

c o n n e c t e d l y   e n g a g e d   to  s h a f t   123  w h i c h   is  p o s i t i o n e d  

b e t w e e n   l o w e r   t h r u s t   m o t o r   152  and  u p p e r   m o u n t i n g   m e a n s  

122 .   R o t a t i o n   of  s h a f t   123  i m p a r t s   r o t a t i o n   to  c o r k  

s c r e w   i m p e l l e r   b l a d e   124  e x t e n d i n g   s u b s t a n t i a l l y   t h e  

l e n g t h   of   s h a f t   123.   In  t h e   w a l l   of  the   a p p a r a t u s   is  a  

p l u r a l i t y   of   p o r t s   138 ,   p r e f e r a b l y   4  in  n u m b e r   w h i c h  

w o u l d   a l l o w   f l u i d   f l o w   as  s e e n   by  a r r o w s   139  i n t o   p o r t s  

138  b e i n g   c a r r i e d   u p w a r d   v i a   t h e   r o t a t i o n   of  b l a d e   1 2 4  

to  t h e   u p p e r   s p a c e   129  w i t h i n   t h r u s t   i m p e l l e r   s e c t i o n  

110 .   Of  c o u r s e ,   in  o r d e r   f o r   t h e   i m p e l l e r   to  p r o p e r l y  

p r o v i d e   t h r u s t   to  t he   a p p a r a t u s ,   i t   is  n e c e s s a r y   t h a t  

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

to  f l o w   ou t   of  t he   i m p e l l e r   s e c t i o n   so  t h a t   a  c o n t i n u -  

ous   f l o w   t h e r e t h r o u g h   may  be  m a i n t a i n e d .   T h i s   is   a  

f u n c t i o n i n g   of  t he   m o t o r   s e c t i o n   60  t o g e t h e r   w i t h   t h e  

b a l l   s c r e w   a s s e m b l y   82.   At  t h e   u p p e r   p o r t i o n   of  t h e  

t h r u s t   i m p e l l e r   s e c t i o n   110 ,   t h e r e   is  f u r t h e r   p r o v i d e d  

a  p l u r a l i t y   of  p o r t s   106  w h i c h   f o r   t he   mos t   p a r t   c o i n -  

c i d e   to   t h e   p l u r a l i t y   of  l o w e r   p o r t s   138.   H o w e v e r ,  



p a r t s   106,   a r e   p r o v i d e d   w i t h   g a t e s   104  w h i c h   a re   m o v a -  

b l e   u p w a r d   and  d o w n w a r d   v i a   t h e   b a l l   s c r e w   a s s e m b l y   82 

f o r   a l l o w i n g   f l ow  t h r o u g h   p o r t s   106  when  g a t e s   a re   u p ,  

and  to   b l o c k   f l o w   t h e r e t h r o u g h   when  t h e   g a t e s   104  a r e  

down .   P r e f e r a b l y ,   s i n c e   e a c h   p a r t i c u l a r   p o r t   106  i s  

p o s i t i o n e d   w i t h i n   a  one   q u a r d r a n t   of   t h e   c i r c u m f e r e n -  

t i a l   w a l l   of  t h e   a p p a r a t u s   10,  e a c h   g a t e   104  is   i n d e -  

p e n d e n t l y   o p e r a t e d   by  a  s e p a r a t e   b a l l   s c r e w   a s s e m b l y   8 2  

and  s e p a r a t e   d r i v e   m o t o r   68  t h r o u g h   70.   T h e r e f o r e ,  

s h o u l d   one  w i sh   to   l o w e r   or   r a i s e   a  p a r t i c u l a r   g a t e  

1 0 7 ,   a  p a r t i c u l a r   d r i v e   m o t o r   is  a c t u a t e d ,   upon  r o t a -  

t i o n   o f   s h a f t   80 ,   b a l l   s c r e w   a s s e m b l y   t o g e t h e r   w i t h  

l o w e r   s h a f t   89  w h i c h   i s   c o n n e c t e d   to   e a c h   g a t e   104 ,   i s  

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

p a r t i c u l a r   g a t e   104  f o r   a l l o w i n g   p a s s a g e   t h r o u g h   p o r t  

1 0 6 .  

Of  c o u r s e   t h i s   r a i s i n g   and  l o w e r i n g   of  the   i n d i v i -  

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

m o n i t o r s   the   p o s i t i o n   of  t h e   t o o l ,   and  d e p e n d i n g   on  t h e  

s l i g h t   a d j u s t m e n t   in   t h e   d o w n w a r d   m o v e m e n t   of  the   t o o l ,  

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

or   p l u r a l i t y   of   g a t e s   w o u l d   be  o p e n e d   or   c l o s e d   a c c o r d -  

i n g l y   so  t h a t   f l o w   t h r o u g h   t h e   a p p a r a t u s   would   b e  

a c c o m m o d a t e d   in  a  c e r t a i n   d i r e c t i o n   as  i t   e x i t e d   a  

p a r t i c u l a r   g a t e ,   in  o r d e r   to  s e r v e   as  a  t y p e   of  o u t w a r d  

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

t i o n .   In  t h e   e v e n t   a l l   g a t e s   a r e   o p e n ,   f l o w   would  b e  



d i r e c t e d   f rom  a l l   p o r t s   in  a  s i m i l a r   t h r u s t ,   t h u s   t h e  

t o o l   would   be  in  a  s t a b l e   p o s i t i o n .   L i k e w i s e ,   s h o u l d  

a l l   g a t e s   be  c l o s e d ,   t h e r e   wou ld   b e  n o   f low  t h r o u g h   t h e  

i m p e l l e r   s e c t i o n   t h u s   t h e r e   w o u l d   be  no  t h r u s t i n g   in  a  

p a r t i c u l a r   d i r e c t i o n .  

T h i s   p a r t i c u l a r   means   of  m o v e m e n t   of  the   t o o l  

l a t e r a l l y   w i t h i n   t h e   b o r e h o l e ,   i s   i m p o r t a n t   in  v i ew  o f  

t h e   f a c t   t h a t   in  c e r t a i n   c i r c u m s t a n c e s   t he   l o g g i n g  

e q u i p m e n t   as  i t   i s   l o w e r e d   i n t o   t h e   h o l e   may  r e a c h   w h a t  

is   c a l l e d   " s h e l f "   w i t h i n   the   h o l e   and  become  l o d g e d   o n  

t h a t   s h e l f .   T h e r e f o r e ,   in  o r d e r   to  g e t   t he   l o g g i n g  

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

l o g g i n g   e q u i p m e n t   be  moved  l a t e r a l l y   away  o f f   f rom  t h e  

s h e l f .   T h i s ,   can  be  a c c o m p l i s h e d   by  s i m p l y   o p e n i n g   t h e  

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

t h a t   the   t h r u s t   moves   the   e q u i p m e n t   away  from  the  w a l l  

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

down  the   h o l e .  

A l so   in  a d d i t i o n   to  p r o v i d i n g   t h e   t h r u s t   a n d  

d i r e c t i o n ,   t h e   i m p e l l e r   110  a l s o   s e r v e s   to  m a i n t a i n   t h e  

mud  or  f l u i d   w i t h i n   t h e   h o l e   c h u r n e d   or  t u r b u l a t e d   s o  

t h a t   i t   d o e s   n o t   t e n d   to  c o n g e a l   a r o u n d   t he   a p p a r a t u s  

as  i t   is  l o w e r e d   down .   T h i s   p r o b l e m   of  mud  or  t h e  

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

s e v e r a l   o t h e r   a s p e c t s   of  the   a p p a r a t u s .  

The  n e x t   p a r t i c u l a r   s e c t i o n   w o u l d   be  t he   e l e c t r i c  

t r a n s d u c e r   s e c t i o n   160 .   T h i s   p a r t i c u l a r   s e c t i o n ,   t h e  



c o m p o n e n t s   of  wh ich   were  o u t l i n e d   e a r l i e r ,   a c t u a l l y   i s  

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

e l e c t r i c a l   power   f rom  i n t e r i o r   e l e c t r i c   l i n e   28  i s  

d e l i v e r e d   to   a  c e r a m i c   or   t h e   l i k e   t r a n s d u c e n t   2 0 0  

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

p l u r a l i t y   of   v e r t i c a l l y   i n c l i n e d   s l o t s   191  t h r o u g h   1 9 6  

a r o u n d   t h e   w a l l   of  t he   t r a n s d u c e r   s e c t i o n   160 .   L i k e  

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

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

i m p e l l e r   s e c t i o n ,   t h e   t r a n s d u c e r   s e c t i o n   160  a d d r e s s e s  

t h e   p r o b l e m   of   c o n g e a l i n g   or  s e t t l i n g   on  t he   m o l e c u l a r  

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

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

of   d o w n h o l e   f l u i d   and  mud  s e p a r a t e   and  a p a r t   f r o m   o n e  

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

f o r m a t i o n s   and  e v e n t u a l l y   i n t o   l u m p s   or   t h e   l i k e .   A s  

s e e n   in  t h e   d r a w i n g ,   the   u l t r a s o n i c   waves   a re   p r o v i d e d  

a c c e s s   to   t he   s u r r o u n d i n g   h o l e   v i a   t h e   6  v e r t i c a l l y  

i n c l i n e d   s l o t s   191  t h r o u g h   196  d u r i n g   t h e   o p e r a t i o n   o f  

t h i s   p a r t i c u l a r   s e c t i o n .   T h i s   s e c t i o n   i s   no t   m o n i t o r e d  

by  t h e   m i c r o   p r o c e s s o r   and  h e l p s   to   p r e v e n t   c o a g u l a t i o n  

on  t h e   f o r m a t i o n   o f   m o l e c u l a r   l e v e l .  

The  l o w e r   mos t   m e c h a n i c a l   o p e r a t i n g   u n i t   is   t h e  

m e c h a n i c a l   v i b r a t i o n   c o i l   a s s e m b l y   232 .   As  w a s  

e x p l a i n e d   e a r l i e r ,   t h e r e   is  p r o v i d e d   a  s o l e n o i d   2 3 8  



s u r r o u n d i n g   an  i n t e r n a l   s h a f t   w h i c h   is  b i a s e d   on  i t s  

t o p   p o r t i o n   by  s p r i n g   244  and  is   a l l o w e d   upward   a n d  

d o w n w a r d   movemen t   a g a i n s t   the   b i a s   of  s p r i n g   244.   I n  

t h e   o p e r a t i o n ,   t he   a c t i v a t i o n   of  t h e   s o l e n o i d   238  w o u l d  

p u l l   s h a f t   250  u p w a r d   u n t i l   t he   s h a f t   s h o u l d e r   p o r t i o n  

252  wou ld   e n g a g e   t h e   l o w e r   mos t   end  of  m o u n t i n g   c o l l a r  

190,   and  in  b e t w e e n   c y c l e s   of  a c t i v a t i o n ,   the   s p r i n g  

244  wou ld   b i a s   s h a f t   250  back   down  i n t o   t he   l o w e r   p o s i -  

t i o n .   T h i s   c y c l i c a l   m o v e m e n t   of  t h e   s h a f t   upward   a n d  

d o w n w a r d   a t   a  r a t e   of   60  c y c l e s   p e r   m i n u t e   would   s e r v e  

as  a  v i b r a t o r   in  t he   a p p a r a t u s .   The  l o w e r   most   p o r t i o n  

of   s h a f t   250 ,   as  was  s t a t e d   e a r l i e r ,   i s   c o n n e c t e d   o n t o  

sub   280  w h i c h   l i k e w i s e   would   i m p a r t   v i b r a t i o n   to  t h i s  

p a r t i c u l a r   sub  280 .   T h e r e f o r e ,   t h e   v i b r a t i o n   w o u l d  

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

a s s e m b l y   w h i c h   w o u l d   a g a i n ,   a f f e c t   or  r e d u c e   the   f o r m a -  

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

moves   down.   T h u s ,   w h i l e   t he   t r a n s d u c e r   a d d r e s s e s   t o  

p r o b l e m   of  c o n g e a l i n g   on  a  m o l e c u l a r   l e v e l ,   the   v i b r a -  

t i o n   c o i l   a s s e m b l y   s e e k s   to   p r e v e n t   c o n g e a l i n g   o f  

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

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

D e s p i t e   t h e   s e v e r a l   means   in  a p p a r a t u s   10  f o r  

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

o b s t a c l e s   d o w n h o l e ,   or  h e l p i n g   to   d i s l o d g e   the   a p p a -  

r a t u s   f rom  c o n g e a l i n g   d r i l l i n g   f l u i d s   or   t he   l i k e   d o w n -  

h o l e ,   t h e r e   is   a  p o s s i b i l i t y   t h a t   t h e   a p p a r a t u s   may 



become  l o d g e d   to  a  d e g r e e   t h a t   i t s   s e v e r a l   means   f o r  

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

u s e l e s s   in  d i s l o d g i n g   i t .   A l s o ,   an  e f f o r t   to  " p u l l   i t "  

o u t   of  t h e   h o l e   v i a   t he   w i r e   l i n e   i s   r i s k y   in  t h a t   t h e  

w i r e   l i n e   may  s n a p ,   and  the  t o o l   c o n t i n u e s   to  be  l o d g e d  

d o w n h o l e ,   w i t h   t h e   o n l y   o p t i o n   b e i n g   to   s end   a  " f i s h i n g  

t o o l "   d o w n h o l e   in  an  e f f o r t   to  r e t r i e v e   i t .  

T h e r e f o r e ,   in  f u r t h e r   o p e r a t i o n   of   t he   a p p a r a t u s ,  

as  was  d e s c r i b e d   e a r l i e r ,   t he   u t i l i z a t i o n   of  e x p l o s i v e  

sub  320  on  b o t h   t h e   t op   and  t h e   b o t t o m   of  t he   a p p a r a -  

t u s ,   may  be  n e c e s s a r y .   As  e x p l o s i v e   sub  320  w a s  

d e s c r i b e d ,   t h e r e   i s   a  p a i r   of   c h a m b e r s   340  and  3 4 2  

h o u s i n g   e x p l o s i v e   means   354  and  456  r e s p e c t i v e l y .  

E x p l o s i v e   means   354  and  356  w o u l d   f u r t h e r   c o m p r i s e  

d e t i n a t o r   c a p s   358  and  359  w h i c h   w o u l d   be  e l e c t r i c a l l y  

c o n n e c t e d   to  c o n t i n u o u s   e l e c t r i c   l i n e   28.  In  t h e  

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

t h e   m i c r o p r o c e s s o r   would   be  g i v e n   t he   o r d e r   to   t r a n s m i t  

e l e c t r i c a l   power   to  the   d e t i n a t o r s   f o r   d e t o n a t i n g  

e x p l o s i v e   c h a r g e s   360  or   362 ,   d e p e n d i n g   on  how  t h e  

m i c r o - p r o c e s s o r   has   s e n s e d   t h a t   t he   sub  is  l o d g e d .   F o r  

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

h o l e ,   b e l o w   a  " s h e l f "   on  a  h o l e ,   i t   may  be  b e n e f i c i a l  

to   d e t o n a t e   t h e   u p p e r   e x p l o s i v e   sub  320 ,   and  o n l y   t h a t  

c h a r g e   n e a r e s t   t h e   w a l l   of  t he   h o l e   so  t h a t   t he   a p p a -  

r a t u s   w o u l d   be  t h r u s t e d   d o w n w a r d l y   and  away  f rom  t h e  

w a l l ,   h o p e f u l l y   f r e e i n g   i t   f rom  t he   u p p e r   s h e l f .   L i k e -  



w i s e ,   s h o u l d   t he   a p p a r a t u s   be  l o d g e d   in  any  o t h e  1 p 8 9 5 1 1  

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

t i o n   of  t he   a p p a r a t u s   in  t h e   h o l e ,   and  the   o b s t r u c t i o n ,  

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

c h a r g e s   a re   n e c e s s a r y   to  d i s l o d g e   the   a p p a r a t u s ,   a n d  

h o p e f u l l y   t h e   l o g g i n g   e q u i p m e n t   a t t a c h e d   t h e r e t o .  

R e f e r e n c e   is  now  made  to  F i g u r e   11  and  12  w h i c h  

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

e l e c t r o n i c   a s s e m b l y   m i c r o p r o c e s s o r   s e c t i o n   50  o f  

a p p a r a t u s   10.  A c t u a l l y ,   F i g u r e   12  i s   a  c o n t i n u a t i o n   o f  

F i g u r e   11,  w i t h   t he   F i g u r e s   b e i n g   j o i n e d   at  p o i n t   A  o n  

F i g u r e s   11  and  12.  T u r n i n g   now  to   F i g u r e   11,   t h e r e   i s  

i l l u s t r a t e d   e l e c t r i c a l   i n p u t   l i n e s   4 0 0 ,   ( n u m b e r e d   1 

t h r o u g h   10  in  t h e   F i g u r e )   w h i c h   i n d i c a t e   t h e   i n d i v i d u a l  

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

f l o o r   when  t h e   t o o l   i s   in  o p e r a t i o n .   F u r t h e r ,   e a c h  

p a r t i c u l a r   c i r c u i t   has  a  s w i t c h   402  w h i c h   is  m o v a b l e  



b e t w e e n   open  and  c l o s e d   p o s i t i o n s   fo r   s u p p l y i n g   0 1 8 5 1 1 1  

to  or   c u t t i n g   o f f   p o w e r   f rom  p a r t i c u l a r   c o m p o n e n t s   o f  

t he   t o o l   to  be  e n e r g i z e d .   In  F i g u r e   11,  r e l a y   s w i t c h e s  

402  a r e   in  t h e   o p e n   p o s i t i o n .   I t   s h o u l d   be  u n d e r s t o o d  

t h a t   in  v iew  of  t he   f a c t   t h a t   a p p a r a t u s   10  i s   a  m o b i l -  

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

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

T h e r e f o r e ,   s e v e r a l   of   c i r c u i t s   4  and  6  as  s e e n   i n  

F i g u r e   11)  400  s h a l l   be  d i r e c t e d   and  b y - p a s s   a p p a r a t u s  

10  and  f e e d   d i r e c t l y   i n t o   t h e   l o g g i n g   t o o l   on  t h e  

l o w e r m o s t   end  of  a p p a r a t u s   10,  t h e r e f o r e   u p o n  

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

e q u i p m e n t   wou ld   be  a c t i v a t e d ,   and  no  f u n c t i o n   of  t h e  

t o o l   w o u l d   e n e r g i z e .  

As  s e e n   in  F i g u r e   11,  c i r c u i t   2  w o u l d   e n e r g i z e  

m a i n   t h r u s t   d r i v e   m o t o r   152  f o r   i m p a r t i n g   r o t a t i o n   t o  

i m p e l l e r   124  in  t h e   a p p a r a t u s .   C i r c u i t   5  a c t i v a t e s   t h e  

p l u r a l i t y   of  d r i v e   m o t o r   64  t h r o u g h   68  f o r   m a n e u v e r i n g  

g a t e s   104  a l l o w i n g   f l ow  t h r o u g h   t he   t o o l   and  m e c h a n i c a l  

v i b r a t i o n   c o i l   a s s e m b l y   232  of   t h e   a p p a r a t u s .   T h e s e  

r e v e r s i b l e   m o t o r s   a r e   i n d i c a t e d   on  F i g u r e   11  by  n u m e r -  

a l s   4 0 8 ,   4 1 0 ,   4 1 2 ,   and  4 1 4 ,   r e s p e c t i v e l y ,   and  t h e   c i r -  

c u i t s   i n v o l v e d .   C i r c u i t   n u m b e r e d   7  on  F i g u r e   11  s u p -  

p l i e s   e n e r g y   t o   s o n i c   t r a n s d u c e r   s e c t i o n   416  as   i l l u s -  

t r a t e d   in  F i g u r e   1 1 .  

C i r c u i t   s w i t c h   1,  as  n u m b e r e d   on  F i g u r e   11,   s u p -  

p l i e s   e l e c t r i c a l   e n e r g y   to   c o m p u t e r   422  f o r   p o w e r i n g  

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

a c t u a l   m e c h a n i c s ?   o p e r a t i o n   of   t h e   a p p a r a t u s .   Wi th   t h e  



i n c l u s i o n   of  c o m p u t e r   422  in  t h e   a p p a r a t u s ,   t h e  c o r n -  

p u t e r   as  t h e   a b i l i t y   to   c o n t r o l   t he   m o t o r s   i n v o l v e d .  

The  a c c e l e r a m o t e r ,   w h i c h   is  a  s t a n d a r d   a c c e l e r a m o t e r  

wh ich   may  be  m a n u f a c t u r e d   by  S i s t r o n   D o n n e r .   Wi th   t h e  

i n c l u s i o n   of  t he   a c c e l e r a m o t e r   s e c t i o n   540  and  a  m a g -  

n e t o m e t e r   4 2 4 ,   t h e   a p p a r a t u s   w i l l   have   t h e   a b i l i t y   t o  

have   a  c o n t i n u o u s   d i r e c t i o n a l   s u r v e y   d o w n h o l e .   L i m i t  

s w i t c h e s   426  d e t e r m i n e s   when  y o u r   g a t e s   124  s h o u l d   b e  

o p e n e d   or  c l o s e d   when  t h e   r e a d o u t s   as  s u p p l i e d   by  c o m -  

p u t e r   4 2 2 .  

The  i n t e r n a l   w o r k i n g s   of  t he   a p p a r a t u s   a r e  

d i r e c t e d   by  c o m p u t e r   422 .   The  r a n d o m   a c c e s s   memory  4 3 2  

e n a b l e s   i n t e r n a l   p r o c e s s i n g   to  r e c e i v e   any  k i n d   of  s i g -  

na l   i n d u c i n g   p r o c e s s e s   on  t h e   c o n t i n u o u s   d i r e c t i o n a l  

s u r v e y   or  s t o r a g e   f o r   t he   s t a c k   in  g e n e r a l   r o u t i n e   f o r  

t he   c e n t r a l   p r o c e s s i n g   u n i t   430 .   Read  o n l y   memory  4 3 4  

would   c o n t r o l   the   a c t u a l   m e c h a n i c a l   a s p e c t s   of  t he   a p -  

p a r a t u s   and  wou ld   c o n t a i n   t h e   a l g o r i t h m s   wh ich   a c t u a l l y  

e n a b l e   c o m p u t e r   422  to   o p e r a t e   t he   t o o l   c o r r e c t l y .  

T h e r e   is   an  a d d i t i o n a l   o u t p u t   p o r t   436  wh ich   c o n t r o l s  

m u l t i - p l e x e r   438  w h i c h   m u l t i - p l e x i s   d a t a   in  f o r   u t i l -  

i z a t i o n .   I t   s h o u l d   be  n o t e d   t h a t   m o t o r s   408 ,   4 1 0 ,   4 1 2  

and  414  in  F i g u r e   22  c o n n e c t   to  o u t p u t   p o s t   436  ( F i g u r e  

12)  f o r   f e e d i n g   i n t o   CPU  4 3 0 .  

B e c a u s e   many  v a r y i n g   and  d i f f e r e n t   e m b o d i m e n t s   may  

be  made  w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i v e   c o n c e p t  

h e r e i n   t a u g h t ,   and  b e c a u s e   many  m o d i f i c a t i o n s   may  b e  



made  in  t h e   e m b o d i m e n t s   h e r e i n   d e t a i l e d   in  a c c o r d a n c e  

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

be  u n d e r s t o o d   t h a t   the   d e t a i l s   h e r e i n   a r e   to  b e  

i n t e r p r e t e d   as   i l l u s t r a t i v e   and  no t   in  a  l i m i t i n g  

s e n s e .  



1.  An  a p p a r a t u s   f o r   s t e e r i n g   e q u i p m e n t   d o w n h o l e ,  

c o m p r i s i n g :  

a.  a  t o o l   b o d y ;  

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

s a i d   t o o l   body  m o v e a b l e   b e t w e e n   upward   and  d o w n w a r d  

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

s a i d   t o o l   b o d y ;  

c.  i m p e l l e r   means   r o t a t a b l y   m o u n t e d   w i t h i n  

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

s a i d   g a t e   means   on  s a i d   t o o l   b o d y ;  

d.  f i r s t   m e a n s   fo r   i m p a r t i n g   r o t a t i o n   to  s a i d  

i m p e l l e r   m e a n s ;   a n d  

e.  s e c o n d   m e a n s   f o r   m o v i n g   s a i d   g a t e   m e a n s  

b e t w e e n   s a i d   upward   and  d o w n w a r d   p o s i t i o n s .  

2.  A  d o w n h o l e   m o b i l i t y   and  p r o p u l s i o n   a p p a r a t u s ,  

c o m p r i s i n g :  

a.  a  c y l i n d r i c a l   t o o l   b o d y ,   a t t a c h a b l e   at  i t s  

f i r s t   end  to  a  w i r e l i n e   and  at   i t s   s e c o n d   end  to  t h e  

t o o l   to  be  p r o p e l l e d   d o w n h o l e ;  

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

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

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

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

s a i d   t o o l   b o d y ,   and  in  t h e   open   p o s i t i o n   f l u i d   f l o w   i s  

a l l o w e d   t h r o u g h   s a i d   t o o l   b o d y ;  

c .   a  p l u r a l i t y   of  p o r t s   in  t he   w a l l   of  s a i d  

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



a l l o w i n g   f l u i d   f l o w   w i t h i n   s a i d   t o o l   body  b e t w e e n   s a i d  

p o r t s   and  s a i d   g a t e   m e m b e r s   when  s a i d   g a t e   m e m b e r s   a r e  

in  s a i d   open   p o s i t i o n ;   a n d  

d.  i m p e l l e r   means   in  s a i d   t o o l   b o d y  

i n t e r m e d i a t e   s a i d   g a t e   m e m b e r s   and  s a i d   p o r t s   f o r  

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

3.  The  a p p a r a t u s   of  C l a i m s   1  or  2,  f u r t h e r  

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

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

s u r r o u n d i n g   medium  e x t e r i o r   of  s a i d   t o o l   b o d y .  

4.  The  a p p a r a t u s   of  C l a i m s   1  or  2,  f u r t h e r  

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

body   f o r   t u r b u l a t i n g   t h e   medium  e x t e r i o r   to   s a i d   t o o l  

b o d y .  

5.  The  a p p a r a t u s   of  C l a i m s   1  or  2,  w h e r e i n   s a i d  

t o o l   body  is   c o n n e c t e d   on  i t s   f i r s t   end  to  an  e l e c t r i c  

w i r e l i n e   and  on  i t s   s e c o n d   end  to  l o g g i n g   m e a n s .  

6.  The  a p p a r a t u s   in  C l a i m s   1  or  2,  f u r t h e r  

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

t h e   f u n c t i o n s   of  s a i d   t o o l .  

7.  The  a p p a r a t u s   in  C l a i m s   1  or  2,  f u r t h e r  

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

s a i d   t o o l   body  i m p a r t i n g   m o v e m e n t   of  at  l e a s t   a  p o r t i o n  

of   s a i d   t o o l   body  b e t w e e n   t h i r t y   and  s i x t y   c y c l e s   p e r  

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

e x t e r i o r   of  s a i d   t o o l   b o d y .  



8.  The  a p p a r a t u s   in  C l a i m s   1  or   2  w h e r e i n   s a i d  
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i m p e l l e r   means   i m p e l s   f l u i a   f l o w i n g   t h r o u g h   s a i d   t o o l  

body   b e t w e e n   s a i d   p o r t s   and  s a i d   fo r   i m p a r t i n g   v e r t i c a l  

or   l a t e r a l   m o v e m e n t   to  s a i d   t o o l   body  w h i l e   d o w n h o l e .  

9.  An  a p p a r a t u s   f o r   s t e e r i n g   and  p r o p e l l i n g   t o o l s  

d o w n h o l e ,   c o m p r i s n g :  

a.  a  c y l i n d r i c a l   t o o l   b o d y ,   a t t a c h a b l e   at  i t s  

f i r s t   end  to  a  w i r e l i n e   and  at   i t s   s e c o n d   end  to  t h e  

t o o l   to  be  s t e e r e d   and  p r o p e l l e d ;  

b.  means   c o n t a i n e d   w i t h i n   s a i d   t o o l   body  f o r  

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

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

c.  e l e c t r i c a l   t r a n s d u c e r   means   c o n t a i n e d   w i t h -  

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

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

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

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

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

s u r r o u n d i n g   m e d i u m ;  

d.  m e c h a n i c a l   v i b r a t o r   means   c o n t a i n e d   w i t h i n  

s a i d   t o o l   body  i m p a r t i n g   m o v e m e n t   of  at   l e a s t   a  p o r t i o n  

of   s a i d   t o o l   body  b e t w e e n   t h i r t y   and  s i x t y   c y c l e s   p e r  

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

e x t e r i o r   of  s a i d   t o o l   b o d y ;   a n d  

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

s a i d   t o o l   body  fo r   r e t r o f i r i n g   e x p l o s i v e s   e x t e r i o r   s a i d  



t o o l   body  f o r   j a r r i n g l y   m o v i n g   s a i d   t o o l   body  in  a  

p r e d e t e r m i n e d   d i r e c t i o n   d o w n h o l e .  

10.  A  d o w n h o l e   s t e e r i n g   and  p r o p e l l i n g   t o o l ,  

c o m p r i s i n g :  

a.  a  t o o l   b o d y ;  

b.  s t e e r i n g   nd  p r o p e l l i n g   means   m o u n t e d   w i t h i n  

s a i d   t o o l   b o d y ,   c o m p r i s i n g ;  

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

w a l l   of  s a i d   t o o l   b o d y ,   s a i d   g a t e   m e m b e r s   d r i v e n   b e t w e e n  

o p e n e d   and  c l o s e d   p o s i t i o n s   w h e r e i n   in  t h e   c l o s e d   p o s i -  

t i o n   f l u i d   f l ow  is   d i s a l l o w e d   t h r o u g h   s a i d   t o o l   b o d y ,  

and  in  t h e   open  p o s i t i o n   f l u i d   f l o w   is   a l l o w e d   t h r o u g h  

s a i d   t o o l   b o d y ;  

i i .   a  p l u r a l i t y   of  p o r t s   in  t h e   w a l l   o f  

s a i d   t o o l   b o d y ,   b e l o w   s a i d   g a t e   m e m b e r s ,   s a i d   p o r t s  

a l l o w i n g   f l u i d   f l o w   w i t h i n   s a i d   t o o l   body  b e t w e e n   s a i d  

p o r t s   and  s a i d   g a t e   m e m b e r s   when  s a i d   g a t e   m e m b e r s   a r e  

in  s a i d  o p e n   p o s i t i o n ;  

i i i .   an  i m p e l l e r   in  s a i a   t o o l   body  i n t e r m e -  

d i a t e   s a i d   g a t e   m e m b e r s   and  s a i d   p o r t s   f o r   d i r e c t i n g  

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

a t  l e a s t   one  of  s a i d   g a t e   m e m b e r s   is   in  t h e   o p e n   p o s i -  

t i o n   and  s a i d   i m p e l l e r   i s   r o t a t e d ;   a n d  

i v .   m e a n s   f o r   s e l e c t i v e l y   o p e n i n g   or  c l o s -  

ing  one   or  a l l   of   s a i d   g a t e   m e m b e r s   f o r   e f f e c t i n g  

l a t e r a l   m o v e m e n t   of  s a i d   t o o l   body  as  d e s i r e d ;  



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

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

of  a t   l e a s t   a  p o r t i o n   of  s a i d   t o o l   body  f o r   t u r b u l a t i n g  

t h e   medium  s u r r o u n d i n g   at  l e a s t   a  p o r t i o n   of  t he   e x t e r i -  

or   of  s a i d   t o o l   b o d y ;  

d.  e x p l o s i v e   m e a n s ,   m o u n t e d   a t   e i t h e r   end  o f  

s a i d   t o o l   body ,   s a i d   e x p l o s i v e   means   f u r t h e r   c o m p r i s -  

i n g :  

i.  a  sub  m e m b e r ;  

i i .   at  l e a s t   a  p a i r   of  e x p l o s i v e   c h a r g e s  

h o u s e d   w i t h i n   s a i d   sub  m e m b e r ;  

i i i .   t h r u s t i n g   p o r t s   in  t he   w a l l   of  s a i d   s u b  

member   p r o v i d i n g   a c c e s s   to  t h e   e x t e r i o r   of  s a i d   e x p l o -  

s i v e   c h a r g e s   w h e r e i n   upon  c h a r g i n g ,   r e t r o f i r e   is   e m i t t e d  

f rom  at   l e a s t   one  of  s a i d   p o r t s ,   t h r u s t i n g   s a i d   a p p a r a -  

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

p o r t ;  

e.  e l e c t r i c   t r a n s d u c e r   means   c o n t a i n e d   w i t h i n  

a  p o r t i o n   of  s a i d   t o o l   body  fo r   p r o v i d i n g   u l t r a s o n i c  

w a v e s   e x t e r i o r   to  s a i d   t o o l   b o d y ,   s a i d   t r a n s d u c e r   m e a n s  

f u r t h e r   c o m p r i s i n g   a  p l u r a l i t y   of  s l o t s   w i t h i n   t he   w a l l  

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

u l t r a s o n i c   waves   f rom  s a i d   t r a n s d u c e r   means   to  t he   s u r -  

r o u n d i n g   medium;   a n d  

f.   e l e c t r i c   m i c r o p r o c e s s o r   means   c o n t a i n e d  

w i t h i n   an  a d d i t i o n a l   p o r t i o n   of  s a i d   t o o l   body  f o r  

d i r e c t i n g   i n f o r m a t i o n   to  t he   v a r i o u s   w o r k i n g   c o m p o n e n t s  

w i t h i n   s a i d   t o o l   b o d y .  
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