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©  An  arrangement  for  orientating  a  guide  device  when  drilling  curved  holes  in  rock. 

©  When  drilling  curved  drill  holes,  there  is  used  a  drill  bit 
whose  axis  of  rotation  forms  an  angle  with  the  centre  axis  of 
a  guide  tube  (1)  carrying  the  drill  bit.  The  orientation  of  the 
plane  passing  through  the  axis  of  rotation  of  the  drill  bit  and  . 
the  centre  axis  of  the  guide  tube  is  determined  by  means  of 
an  arrangement  in  which  a  magnet  (9)  is  mounted  inside  the 
guide  tube  (1)  and  arranged  to  co-act  with  a  first  sensing 
means  (26,  27)  which  is  driven  by  a  motor  (20)  aroung  a 
housing  (11)  inserted  in  the  guide  tube,  and  which  produces 
a  first  position  signal  each  time  it  passes  the  magnet. 
Located  in  the  housing  (11)  is  a  chamber  (29)  having 
arranged  therein  an  electrically  conductive  liquid  (30)  and  a 
second  sensing  means  (28).  The  second  sensing  means  (28) 
is  driven  round  by  the  motor  (20),  and  each  time  the  sensing 
means  is  brought  into  contact  with  the  liquid  in  the  chamber 
it  gives  rise  to  a  second  position  signal.  The  time  difference 
between  the  first  and  second  signals  determines  the  inclina- 
tion  of  the  aforementioned  plane  relative  to  the  vertical. 
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The  i n v e n t i o n   r e l a t e s   t o   an  a r r a n g e m e n t   f o r   u se   when  d r i l l i n g  

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

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

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

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

s a i d   a x i s   of   r o t a t i o n   and  s a i d   c e n t r e   a x i s .  

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

s t r a i g h t   h o l e s   w i t h - a   h i g h   d e g r e e   of   a c c u r a c y  a r e   known  to   t h e  

a r t ,   and  r e f e r e n c e   can   be  made  in   t h i s   r e s p e c t ,   by  way  of   e x a m p l e  

to   t h e   d e v i c e   a c c o r d i n g   t o  S w e d i s h   P a t e n t   S p e c i f i c a t i o n   No  78  0 2 4 8 8 - 2  

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

r a c y .   In  o r d e r   f o r   t h e s e   c o r r e c t i o n s   to   be  m a d e ,   i t   i s   n e c e s s a r y  

to   know  t h e   o r i e n t a t i o n   of  t h e   g u i d e   t u b e   and  t h e   d r i l l   b i t   i n  

t h e   h o l e .  

T h e  m a n n e r   in   w h i c h   t h e   g u i d e   d e v i c e   mus t   be  o r i e n t a t e d  

in   a  d r i l l   h o l e   i n   o r d e r   t o   make  t h e   n e c e s s a r y   c o r r e c t i o n   t o  

s a i d   h o l e   c a n ,   i n   p r i n c i p l e ,   be  d e t e r m i n e d   in  two  w a y s .   In  a c c o r -  

d a n c e   w i t h   one  v e r y   p r e c i s e   m e t h o d ,   commonly   u s e d   t o d a y ,   t h e   d r i l l  

h o l e   i s   s t u d i e d   w i t h   a  d r i l l - h o l e   c a m e r a ,   as  p r o p o s e d   in   S w e d i s h  

P a t e n t   S p e c i f i c a t i o n   No  73  0 4 1 2 2 - 0 .   A l t e r n a t i v e l y ,   a  s e r i e s   o f  

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

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

The  f i r s t   m e t h o d   is   b o t h   t i m e   c o n s u m i n g   and  r e l a t i v e l y  

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

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

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

t u b e s   a r e   s u b j e c t e d   o v e r   l o n g e r   d i s t a n c e s ,   or  t h e   d i f f e r e n t   c o n d i -  

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

C o n s e q u e n - : l y ,   a  p r i m e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

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

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



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

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

T h i s   o b j e c t   i s   r e a l i z e d   f u l l y   by  m e a n s   of   t h e   i n v e n t i o n   s e t  

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

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

F i g u r   1  i l l u s t r a t e s ,   by  way  of   e x a m p l e   a  known  g u i d e   d e v i c e ,  

F i g u r e   2  i s   an  a x i a l   s e c t i o n a l   v i e w   of   p a r t   of  t h e   g u i d e  

t u b e   s h o w n   in   F i g u r   1  and  i l l u s t r a t e s   an  e x e m p l a r y  

e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

F i g u r e   3  i s   a  r a d i a l   s e c t i o n a l  v i e w   t a k e n   on  t h e   l i n e  

I I I - I I I   i n   F i g u r e   2 ,  

F i g u r e   4  i s   a  r a d i a l   s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e  

I V - I V   in   F i g u r e   2 ,  

F i g u r e   5  i s   a  r a d i a l   s e c t i o n a l   v i e w   t a k e n   on  t h e   l i n e  

V-V  in   F i g u r e   2 ,  

F i g u r e   6  i l l u s t r a t e s   a  m o d i f i e d   e m b o d i m e n t   of  a  s e n s o r ,   a n d  

F i g u r e   7  i l l u s t r a t e s   a  f u r t h e r   v a r i a n t   o f   t h e   s e n s o r .  

F i g u r e   1  i l l u s t r a t e s   an  e m b o d i m e n t   of   a  g u i d e   d e v i c e   a c c o r d -  

i n g   t o   S w e d i s h   P a t e n t   S p e c i f i c a t i o n   No  78  0 2 4 8 8 - 2 ,   a l t h o u g h   t h e  

i n v e n t i o n   can   be  a p p l i e d   w i t h   any  t y p e   of   g u i d e   d e v i c e ,   w h a t s o e v e r ,  

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

v i c e   a c c o r d i n g   t o   US  P a t e n t   S p e c i f i c a t i o n   No  2  631  8 2 0 .  

The  g u i d e   d e v i c e   i l l u s t r a t e d   in   F i g u r e   1  i n c l u d e s   a  s t r a i g h t  

g u i d e   t u b e   1  and   a  d r i v e   s h a f t   2.  The  s h a f t   i s   n o n - r o t a t a b l y   c o n n e c t e d  

a t   one   end   t h e r e o f ,   t h r o u g h   a  s p l i n e   c o u p l i n g   ( n o t   s h o w n ) ,   t o   a  

s p i n d l e   3  w h i c h   i s   m o u n t e d   f o r  r o t a t i o n   on  t h e   end  of  t h e   g u i d e  

t u b e   1  and   a r r a n g e d   t o   c o - a c t   w i t h   an  a x i a l   b e a r i n g   4.  N o n -  

r o t a t a b l y   c o n n e c t e d   t o   t h e   s p i n d l e   i s   a  d r i l l   b i t   5.  The  a x i s  

o f   r o t a t i o n   6  o f   t h e   d r i l l   b i t   5  f o r m s   an  a n g l e  - - - w i t h   t h e   c e n t r e  

a x i s   7  of   t h e   g u i d e   t u b e   1,  and  t h e   p l a n e   t h r o u g h   t h e   a x i s   o f  

r o t a t i o n   6  and   t h e   c e n t r e   a x i s   7  m u s t   be  o r i e n t a t e d   r e l a t i v e   t o  

t h e   p l a n e   of  t h e   d e f l e c t i o n   of  t h e   d r i l l e d ,   c r o o k e d   h o l e ,   i n  

o r d e r   t o   e n a b l e   s a i d   h o l e   t o   be  c o r r e c t e d   t o   t h e   i n t e n d e d   d r i l l i n g  

l i n e .   T h u s ,   when   a  c u r v e d   h o l e   i s   to   be  d r i l l e d   in  a  g i v e n   p l a n e  



of   c u r v a t u r e ,   t h e   p l a n e   t h r o u g h   t h e   a x e s   6  and  7  m u s t   be  o r i e n t a t e d  

so  as  to   c o i n c i d e   w i t h   t h e   i n t e n d e d   p l a n e   of   c u r v a t u r e ,   w h i c h  

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

d e v i a t e s   f r o m   a  g i v e n   d r i l l i n g   l i n e   and  when  w i s h i n g   to   d r i l l  

a  t o t a l l y   c r o o k e d   or   c u r v e d   h o l e   i n t e n t i o n a l l y . .  

F i g u r e   2  i l l u s t r a t e s   a  much  s i m p l i f i e d   e m b o d i m e n t   of  t h e  

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

6  and   7  in   w h i c h   t h e   g u i d e   t u b e   1  and  t h e   d r i l l   b i t   5  l i e   i n .  a  

d r i l l   h o l e .   The  d r i v e   s h a f t   2  h a s   b e e n   w i t h d r a w n   f r o m   t h e   g u i d e  

t u b e .   A r r a n g e d   on  t h e   i n s i d e   of  t h e   g u i d e   t u b e   1  i s   a  m a g n e t   9 ,  

and   t h e   t u b e   1,  i s   i n   t u r n ,   c o n n e c t e d   t o   one  o r   m o r e  l i n e r   t u b e s  

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

r o t a t i o n   d u r i n g   a  d r i l l i n g o p e r a t i o n .   The  m a g n e t   9  may  be  an  e l e c t r o -  

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

As  shown  i n   F i g u r e s  1   and  2,  t h e   m a g n e t   9  l i e s   a b o v e   an  a b u t m e n t  

10.   A  m e t a l   h o u s i n g   11,   w h i c h   in   t h e   i l l u s t r a t e d   e m b o d i m e n t   i s   o f  

c y l i n d r i c a l   c o n f i g u r a t i o n   i s   p r o v i d e d   w i t h   s l i d e   b a r s   12  ( F i g u r e   5 ) ,  

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

g u i d e   t u b e   1.  The  h o u s i n g   11  has   a  b o t t o m   w a l l   13  and  an  u p p e r  

c o v e r   means   14 ,   and  i s   p r e f e r a b l y   w a t e r   t i g h t .   E x t e n d i n g   t h r o u g h  

t h e   c o v e r   m e a n s   i s   an  e l e c t r i c   c a b l e   15,   w h i c h   in   t h e   i l l u s t r a t e d  

e m b o d i m e n t   c o n t a i n s   f o u r   e l e c t r i c   c o n d u c t o r s   1 6 , 1 7 , 1 8   and  1 9 .  

The  c a b l e   15  p a s s e s   o u t  t h r o u g h   t h e   end  of  t h e   u p p e r   l i n e r   t u b e .  

C o n d u c t o r s   18  and   19  a r e   c o n n e c t e d   t o   a  v o l t a g e   s o u r c e   20  h a v i n g   a  

c e n t r a l   m e a n s   21 ,   and  t o   an  e l e c t r i c   m o t o r   22  h a v i n g   an  o u t p u t   s h a f t  

23.  The  m o t o r   22  i s   h e l d   f i r m l y   c l a m p e d   to   t h e   i n n e r   c y l i n d r i c a l  

w a l l   of   t h e   h o u s i n g   11  by  means   of   a  s l e e v e   24  made  of  an  i n s u -  

l a t i n g   m a t e r i a l .   The  c o n d u c t o r   16  i s   d r a w n   t h r o u g h   t h e   w a l l   o f  

t h e   s l e e v e   24  and  c o n n e c t e d   e l e c t r i c a l l y   to   t h e   m e t a l l i c   s h a f t  

23  of   t h e   m o t o r   22  and  to   one  t e r m i n a l   or  p o l e   of  an  i n d i c a t o r  

l amp  25,   t h e   o t h e r   p o l e   or  t e r m i n a l   of  w h i c h   i s   c o n n e c t e d   t o  

c o n d u c t o r   18 ,   and  t h u s   to   one  t e r m i n a l   or  p o l e ,   of  t h e   v o l t a g e  

s o u r c e   20.  The  s h a f t   23  c a r r i e s   an  L - s h a p e d ,   n a r r o w   r e s i l i e n t  

s t r i p   of   m a g n e t i c   m a t e r i a l ,   t h e   one  l e g   26  of  w h i c h   is   c o n n e c t e d  

a t   one  end  t o   t h e   s h a f t   23  and  i s   in   e l e c t r i c a l l y   c o n d u c t i v e  

c o n t a c t   t h e r e w i t h ,   w h i l e   t h e   o t h e r   l e g   2 7 - o f   s a i d   s t r i p   e x t e n d s  



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

i n n e r ,   c y l i n d r i c a l   w a l l   of   t h e   h o u s i n g   11.   An  arm  28  made  f r o m  

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

f r e e   end   o f   t h e   s h a f t   23 ,   s a i d   f r e e   end   e x t e n d i n g   i n t o   a  p r e f e r a b l y  

l i q u i d - t i g h t   c h a m b e r   29  in   w h i c h   t h e   a rm  28  i s   a r r a n g e d   t o   r o t a t e  

t o g e t h e r   w i t h   t h e   s h a f t   23.  P r e s e n t   i n   t h e   c y l i n d r i c a l   c h a m b e r   29 

i s   a  s m a l l   a m o u n t   o f   m e r c u r y   30,   or   some  o t h e r   e l e c t r i c a l l y  

c o n d u c t i v e   l i q u i d .   When  t h e   c e n t r e   a x i s   o f   t h e   g u i d e   t u b e   d e v i a -  

t e s   s l i g h t l y   f r o m   t h e   v e r t i c a l ,   t h i s   s m a l l   a m o u n t   of  l i q u i d   30 

w i l l   c o l l e c t   a t   t h e   l o w e s t   p o i n t   o f   t h e   c h a m b e r   29  a n d ,   in   d o i n g  

s o ,   w i l l   d e f i n e   a  v e r t i c a l   p l a n e   t h r o u g h   t h e   m o t o r   s h a f t   23 ,   w h i c h  

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

t h a t   t h e   c e n t r e   o f   t h e   m a g n e t   9  and  t h e   c e n t r e   of   t h e   l i q u i d  

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

a x i s   o f   t h e   s h a f t   2 3 ,   as  shown  i n   F i g u r e s   3  and  4.  When  t h e   a r r a n g e -  

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

d e v i c e   i l l u s t r a t e d   i n   F i g u r e   1,  and  t h e   o b l i q u e l y   p o s i t i o n e d  

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

g i v e n   p l a n e ,   t h e   d r i l l i n g p l a n e   of  t h e   g u i d e   t u b e   and  t h e   d r i l l  

b i t   t h r o u g h   t h e   a x e s   '6  and  7  w i l l   be  r a n d o m l y   o r i e n t a t e d .   W h e n  

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

c e n t r a l   m e a n s   21 ,   t o   a  g i v e n   n u m b e r   o f   r e v o l u t i o n s   p e r   u n i t   of  t i m e ,  

f o r   e x a m p l e   one  f u l l   t u r n   in   72  s e c o n d s ,   c o r r e s p o n d i n g   to   a  r o t a -  

t i o n   of   5°  p e r   s e c o n d ,   t h e   two  s e n s o r s   27  and  28  w h i c h   r o t a t e  

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

m e n t s .   When  t h e   s e n s o r   27  i s   o p p o s i t e   t h e   m a g n e t   9,  or   e n t e r s  

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

t h e   i n n e r   s u r f a c e   o f   t h e   h o u s i n g  1 1   and   m a k e s   an  e l e c t r i c   c i r c u i t  

f r o m   one   p o l e   of   t h e   v o l t a g e   s o u r c e  2 0 , t h r o u g h  t h e   c o n d u c t o r   17 

t o   t h e   h o u s i n g   1 1 ,   t h r o u g h   t h e   s e n s o r   27  t o   t h e   s h a f t   23,   a n d  

t h r o u g h   t h e   c o n d u c t o r   16,   t h r o u g h   t h e   l amp   25,   to   t h e   o t h e r   p o l e  

o f   t h e   v o l t a g e   s o u r c e   20.  The  lamp  25  i s   t h u s   i l l u m i n a t e d , t h e  

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

m i n e d   by  t h e   c i r c u m f e r e n t i a l   l e n g t h   o f   t h e   m a g n e t   9,  i . e .   by  t h e  

l e n g t h   o f   t i m e   w h i c h   t h e   s e n s o r   27  i s   h e l d   a t t r a c t e d   to   t h e   i n n e r ,  

e l e c t r i c a l l y   c o n d u c t i v e   w a l l   of   t h e   h o u s i n g   11.  When  t h e   s e n s o r  



27  l e a v e s   t h e   a c t i v e   r e g i o n   of  t h e   m a g n e t   9,  t h e   i n d i c a t i n g   l a m p  

25  is   e x t i n g u i s h e d ,   and  t h e   s e c o n d   s e n s o r   28,   w h i c h   i s   a n g u l a r l y  

d i s p l a c e d   r e l a t i v e   t h e   f i r s t   s e n s o r   2 6 , 2 7 ,   w i l l   s u b s e q u e n t l y  

e n t e r   t h e   l i q u i d   30.  When  c o n t a c t   is   made  b e t w e e n   t h e   s e n s o r   28 

and  t h e   e l e c t r i c a l l y   c o n d u c t i v e   l i q u i d ,   w h i c h   as  b e f o r e m e n t i o n e d  

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

20,   t h r o u g h   t h e   c o n d u c t o r   17  t o   t h e   e l e c t r i c a l l y   c o n d u c t i v e   h o u s i n g  

11,   t h e   l i q u i d   30,   t h e   s e n s o r   28,   t h e   s h a f t   23,   t h e   c o n d u c t o r   1 6 ,  

t h r o u g h   t h e   lamp  25  and  to   t h e   o t h e r   p o l e   or   t e r m i n a l   of  t h e  

v o l t a g e   s o u r c e   20.  The  lamp  25  i s   t h u s   i l l u m i n a t e d   and  t h e   l e n g t h  

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

a d d i t i o n   to   t h e   s p e e d   a t   w h i c h   t h e   s h a f t   23  r o t a t e s   by  t h e   l e n g t h  

of  t h e   arm  28  and  t h e   w i d t h   of  t h e   arm  a t   t h a t   p a r t   of  t h e   e n d  

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

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

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

c a u s e d   by  t h e   arm  27.  When  t h e   s p e e d   at   w h i c h   t h e   s h a f t   23 

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

6  and  7  d e v i a t e   f r o m   t h e   d e s i r e d   p l a n e   of  c u r v a t u r e   can  be  r e a d i l y  

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

c a u s e d   by  arm  27  and  t h a t   c a u s e d   by  arm  28,   u s i n g   a  t i m e - t a k i n g  

c l o c k   f o r   e x a m p l e ,   w h e r e u p o n   a  c o r r e c t i o n   can  be  made  by  r o t a t i n g  

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

m e a s u r e m e n t s   show  t h a t   t h e   p l a n e   i s   o r i e n t a t e d   in   t h e   m a n n e r   i n -  

t e n d e d .   I f   i t   i s   w i s h e d   to   o b t a i n   a  mean  v a l u e   of   t h e   a l i g n m e n t  

e r r o r ,   two  or   more  m a g n e t s   can  be  p l a c e d   a t   m u t u a l l y   d i f f e r e n t  

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

d i r e c t i o n   of   t h e   m o t o r   2 2 - r e v e r s e d .   A l t h o u g h   i t   i s   s a i d   in  t h e  

a f o r e g o i n g   t h a t   t h e   w h o l e   of  t h e   h o u s i n g   11  i s   e l e c t r i c a l l y   c o n -  

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

can  be  a r r a n g e d   a d j a c e n t   t h e   l e g   27  f o r   c o n t a c t   w i t h   s a i d   l e g  

when  i t   i s   a t t r a c t e d   by  t he   m a g n e t   9.  In  t h i s   c a s e   t h e   c o n d u c t o r  

17  i s   c o n n e c t e d   to   t h e   m e t a l   p l a t e .   The  c h a m b e r   30  m u s t   be  p r o v i d e d  

w i t h   a  m e t a l l i c   w a l l   in  c o n t a c t   w i t h   t h e   l i q u i d   30,   t h e   c o n d u c t o r  

17  a l s o   b e i n g   c o n n e c t e d   to   s a i d   w a l l .   The  c o n d u c t o r   16  i s   c o n n e c t e d  

to  t h e   s h a f t   23  t h r o u g h   a  s l i d e   c o n t a c t   or  t h e   l i k e .  



The  a f o r e d e s c r i b e d   a r r a n g e m e n t   can   be  m o d i f i e d   i n  v a r i o u s  

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

t h e   s e n s o r   2 6 , 2 7   c a n   be  r e p l a c e d   w i t h   a  r e e d   r e l a y   31,   F i g u r e   6 ,  

c a r r i e d   on  t h e   s h a f t   23  by  means   of  an  arm  ( n o t   s h o w n ) .   When  t h e  

r e l a y   31  a p p r o a c h e s  t h e   m a g n e t   9,  t h e   c o n t a c t s   o f   t h e   r e l a y  

a r e   c l o s e d ,   i f   t h e   c i r c u i t   to   t h e   i n d i c a t o r   l a m p   25  i s   m a d e .  

One  i m p o r t a n t   a d v a n t a g e   a f f o r d e d   by  t h i s   a r r a n g e m e n t   i s   t h a t   t h e  

r i s k   of   t h e   c o n t a c t   s u r f a c e s   o x i d i z i n g   can   be  i g n o r e d .   The  c h a m b e r  

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

t h e   h o u s i n g ,   by  m o u n t i n g   s e a l i n g   r i n g s   o r   l i k e   e l e m e n t s   b e t w e e n  

t h e   i n n e r   w a l l   3 1 '   of   t h e   c h a m b e r   and  t h e   s h a f t   23 .   I n s t e a d   of   t h e  

i n d i c a t o r   lamp  25  t h e r e   c an   be  u s e d   a  w r i t i n g   i n s t r u m e n t   w h i c h  

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

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

d e s i r e d   p l a n e   o f   c u r v a t u r e   and  t h e   p l a n e   t h r o u g h   t h e   a x e s   6  and  7 .  

I t   i s   a l s o   p o s s i b l e   t o   a r r a n g e   a  s p e e d   d i f f e r e n t i a l   b e t w e e n  

t h e   o u t p u t   s h a f t   23  of   t h e   m o t o r   and  t h e   s e n s o r s ,   in   o r d e r   t o   m o v e  

s a i d   s e n s o r s   a t   a  g i v e n   s p e e d .   In  t h i s   c a s e   i t   i s   u n n e c e s s a r y   f o r  

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

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

i t   i s   o n l y   n e c e s s a r y   f o r   t h e   two  s e n s o r s   t o   be  moved   a t   k n o w n  

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

In   t h e   a f o r e g o i n g   i t   h a s   b e e n   a s s u m e d   t h a t   t h e   s e n s o r  

2 6 , 2 7   and  t h e   s e n s o r   28  a r e   a r r a n g e d   t o   make  a  r e s p e c t i v e   e l e c t r i c  

c i r c u i t   when   p a s s i n g   t h e   m a g n e t   9  o r .  w h e n   c o m i n g   i n t o   c o n t a c t   w i t h  

t h e   l i q u i d   30.  I t   w i l l   be  u n d e r s t o o d ,   h o w e v e r ,   t h a t   t h e   s e n s o r s  

may  a l s o   be  a r r a n g e d  t o   b r e a k   a  c i r c u i t ,   s u c h   t h a t   a  b r o k e n   c i r c u i t  

c a u s e s   t h e   i n d i c a t o r   l amp   to   be  i l l u m i n a t e d .   An  e x a m p l e   of  a  

m o d i f i e d   s e n s o r   2 6 , 2 7   f o r   b r e a k i n g   a  c i r c u i t   when   c o - a c t i n g   w i t h   t h e  

m a g n e t   9  i s   i l l u s t r a t e d   i n   F i g u r e   7.  In  t h i s   m o d i f i e d   e m b o d i m e n t  

t h e   f l e x i b l e ,   m a g n e t i s a b l e   l e g   27  of  t h e   s e n s o r   c o - a c t s   w i t h   a  -  

c o n t a c t   e l e m e n t   ( n o t   r e f e r e n c e d )   w h i c h   i s   f i x e d l y   m o u n t e d   on  a n  

arm  ( n o t   s h o w n )   on  t h e   s h a f t   23  'and  w h i c h   t h i s   a c c o m p a n i e s   t h e  

m o v e m e n t   of  t h e   l e g   27.   When  t h e   l e g   27  e n t e r s   t h e   m a g n e t i c   f i e l d  

o f   t h e   m a g n e t   9 ,   i t   i s   d r a w n   away  f r o m   t h e   c o n t a c t   32  and  b r e a k s  

t h e   c o n n e c t i o n   b e t w e e n   t h e   c o n d u c t o r s   16  and  17.   The  s i g n a l   i s  

n o t e d   o r   r e g i s t e r e d   e i t h e r   by  t h e   lamp  b e i n g   e x t i n g u i s h e d   o r  

g r a p h i c a l l y   on  a  r e c o r d   s h e e t .   So  t h a t   v o l t a g e s   i s   a l s o   s u p p l i e d  

t o   t h e   l i q u i d   3 0 ,   t h e   c o n d u c t o r   16  i s   a l s o   c o n n e c t e d   t o   t h e   h o u s i n g  

1 1 .  



1.  An  a r r a n g e m e n t   f o r   u s e   when  d r i l l i n g   c u r v e d   h o l e s   by  m e a n s  

of  a  d r i l l   b i t   ( 5 ) ,   w h i c h   is   r o t a t a b l e   r e l a t i v e   to   a  g u i d e   t u b e  

(1)   and  t h e   a x i s   of  r o t a t i o n   (6)  of  w h i c h   f o r m s  a n   a n g l e   (oc) 

w i t h   t h e   c e n t r e   a x i s   (7)  of  t h e   g u i d e   t u b e ,   s a i d   a r r a n g e m e n t   b e i n g  

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

r o t a t i o n   (6)  and  s a i d   c e n t r e   a x i s   ( 7 ) ,   c h a r a c t e r i z e d   by  a t   l e a s t  

one  m a g n e t   (9)  m o u n t e d   on  t h e   i n s i d e   of  t h e   g u i d e   t u b e   (1)  i n  

a  p r e d e t e r m i n e d   p o s i t i o n   r e l a t i v e   to   s a i d   p l a n e ;   a  h o u s i n g   ( 1 1 )  

w h i c h   can  be  i n s e r t e d   i n t o   t h e   g u i d e   t u b e   (1)   and  in   w h i c h   t h e r e  

i s   a r r a n g e d   an  e l e c t r i c   m o t o r   (20)   h a v i n g   an  o u t p u t   s h a f t   ( 2 3 )  

f o r   d r i v i n g   a  f i r s t   m a g n e t i c a l l y   o p e r a b l e   s e n s o r   ( 2 6 , 2 7 )   in  a  

r o t a r y   p a t h   w i t h i n   t h e   h o u s i n g   (11)   and  a r o u n d   s a i d   s h a f t   ( 2 3 ) ,  

s a i d   f i r s t   s e n s o r   b e i n g   so  a r r a n g e d   t h a t   when  l o c a t e d   o p p o s i t e  

t h e   m a g n e t  ( 9 )   i t   a c t i v a t e s   a  f i r s t   s i g n a l - i n d i c a t i n g   c i r c u i t  

( 1 6 , 1 7 , 2 3 , 2 5 , 2 6 , 2 7 )   and  d r i v e s   a  s e c o n d ,   e l e c t r i c a l l y   c o n d u c t i v e  

s e n s o r   (28)   w h i c h   i s   a n g u l a r l y   d i s p l a c e d   in   t h e   d i r e c t i o n   of   r o t a -  

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

b e i n g   a r r a n g e d   to   be  moved  a l o n g   a  r o t a r y   p a t h   by  s a i d   s h a f t  

(23)   a t   a  p r e d e t e r m i n e d   s p e e d   r e l a t i v e   t h e   f i r s t   s e n s o r   ( 2 6 , 2 7 )  

and  b e i n g   l o c a t e d   in  a  c h a m b e r   (29)   c o n t a i n i n g   an  e l e c t r i c a l l y  

c o n d u c t i v e   l i q u i d   (30)   a r r a n g e d   t o   c o l l e c t   in   t h e   l o w e s t   p e r i p h e r a l  

p a r t   of  s a i d   c h a m b e r   ( 2 9 ) ,   t h e   a r r a n g e m e n t   b e i n g   s u c h   t h a t   w h e n  

s a i d   s e c o n d   s e n s o r   (28)   i s   in   c o n t a c t   w i t h   s a i d   l i q u i d   ( 3 0 )  

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

c a t i n g   c i r c u i t   ( 1 6 , 1 7 , 2 3 , 2 8 , 2 9 , 2 5 ) .  

2.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   t h e  

e l e c t r i c a l l y   c o n d u c t i v e   l i q u i d   (30)   is  m e r c u r y .  

3.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2,  c h a r a c t e r i z e d  

by  c o n t r o l   means   (21)   f o r   c o n t r o l l i n g   t h e   s p e e d   of  t h e   m o t o r   ( 2 0 )  

4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m s   1 - 3 ,   c h a r a c t e r i z e d   in   t h a t   t h e  

f i r s t   s e n s o r   is  f i x e d l y   m o u n t e d   on  t h e   o u t p u t   s h a f t   (23)   of  t h e  

m o t o r   (20)   and  c o m p r i s e s   an  arm  (27)   made  of  a  f l e x i b l e   m a g n e t i c  



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

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

e l e c t r i c a l l y   c o n d u c t i v e   c o n t a c t   e l e m e n t   ( 1 1 )   and  in   t h a t   t h e  

s e c o n d   s e n s o r   (28)   c o m p r i s e s   an  e l e c t r i c a l l y   c o n d u c t i v e   arm  p r o -  
j e c t i n g   f r o m   t h e   s h a f t   ( 2 3 ) .  

5.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1 - 4 ,   c h a r a c t e r i z e d  

in   t h a t   s a i d _ m a g n e t   (9)  i s   a  p e r m a n e n t   m a g n e t .  

6.  A p p a r a t u s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1 - 5 ,   c h a r a c t e r i z e d  

in   t h a t   t h e   h o u s i n g   ( 1 1 )   i s   c y l i n d r i c a l   and  p r o v i d e d   w i t h   o u t e r  

g u i d e   means   (12)   f o r   c e n t e r i n g   t h e   h o u s i n g   (11 )   in   t h e   g u i d e   t u b e  

( 1 ) .  
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