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Pressure  pulse  generator. 
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@  An  improved  acoustic  signal  generator  has  rotor  and  stator 
elements,  each  having  a  plurality  of  radially-extending  lobes 
and  intervening  ports  relatively  positioned  and  configured  to 
establish  fluid  dynamic  forces  that  bias  the  generator  into  an 
open  position,  thereby  imparting  a  «stable  open»  characteristic 
to  the  generator.  The  rotor  is  located  downstream  of  the  stator, 
and  rotor  lobes  are  outwardly  tapered  in  the  downstream 
direction  and  have  underlap  relative  to  the  upstream  stator 
lobes.  The  invention  is  especially  suited  for  use  in  oil  industry 
MWD  operations  to  communicate  downhole  measurement 
data  to  a  well  surface  during  drilling.  In  one  embodiment, 
undercuts  on  the  rotor  lobes  impart  a  flutter  action  which 
clears  debris. 

ACTORUM  AG 

 An improved acoustic signal generator has rotor and stator 
elements,  each  having  a  plurality  of  radially-extending  lobes 
and  intervening  ports  relatively  positioned  and  configured  to 
establish  fluid  dynamic  forces  that  bias  the  generator  into  an 
open  position,  thereby  imparting  a  «stable  open»  characteristic 
to  the  generator.  The  rotor  is  located  downstream  of  the  stator, 
and  rotor  lobes  are  outwardly  tapered  in  the  downstream 
direction  and  have  underlap  relative  to  the  upstream  stator 
lobes.  The  invention  is  especially  suited  for  use  in  oil industry 
MWD  operations  to  communicate  downhole  measurement 
data  to  a  well  surface  during  drilling.  In  one  embodiment, 
undercuts  on  the  rotor  lobes  impart  a  flutter  action  which 
clears  debris. 



BACKGROUND  OF  THE  INVENTION 

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

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

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

p r e s s u r e   p u l s e   g e n e r a t o r s   such   as  t he   "mud  s i r e n "   t y p e  

used   in  o i l   i n d u s t r y   MWD  ( m e a s u r e m e n t s - w h i l e - d r i l l i n g )  

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

to  the   w e l l   s u r f a c e   d u r i n g   d r i l l i n g   by  way  of  a  mud 

c o l u m n   l o c a t e d   in  a  d r i l l   s t r i n g .  



2.  D e s c r i p t i o n   of  the   P r i o r   A r t  

Many  s y s t e m s   e x i s t   f o r   t r a n s m i t t i n g   d a t a  

r e p r e s e n t a t i v e   of  one  or  more  m e a s u r e d   d o w n h o l e  

c o n d i t i o n s   to  t he   s u r f a c e   d u r i n g   t he   d r i l l i n g   of  a  
w e l l   b o r e h o l e .   One  s u c h   s y s t e m ,   d e s c r i b e d   in  G o d b e y  
U.S .   P a t e n t   3 , 3 0 9 , 6 5 6 ,   e m p l o y s   a  d o w n h o l e   p r e s s u r e  
p u l s e   g e n e r a t o r   or  m o d u l a t o r   and  i s   o p e r a t e d   t o  

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

a c o u s t i c   f r e q u e n c i e s   to  t he   s u r f a c e   by  way  of  the   mud 

c o l u m n   in  t he   d r i l l   s t r i n g .   In  s u c h   a  s y s t e m ,   i t   h a s  

been   f o u n d   u s e f u l   to  power   t he   d o w n h o l e   e l e c t r i c a l  

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

t u r b i n e   g e n e r a t o r   u n i t   (known  as  a  "mud  t u r b i n e " )  

p o s i t i o n e d   d o w n s t r e a m   of  the   m o d u l a t o r .  

E x i s t i n g   m o d u l a t o r s   of  t he   mud  s i r e n   t y p e  

u s u a l l y   t a k e   t h e   fo rm  of  " t u r b i n e - l i k e "   s i g n a l  

g e n e r a t i n g  v a l v e s   p o s i t i o n e d   in  t he   d r i l l   s t r i n g   n e a r  

the   d r i l l   b i t   and  e x p o s e d   to  t h e   c i r c u l a t i n g   mud 

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

f i x e d   s t a t o r   and  a  m o t o r - d r i v e n   r o t a t a b l e   r o t o r ,  

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

r o t o r   a r e   e a c h   f o r m e d   w i t h   a  p l u r a l i t y   of  b l o c k - l i k e  

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

a b o u t   a  c e n t r a l   hub  so  t h a t   t he   g a p s   b e t w e e n   a d j a c e n t  

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

o n c o m i n g   mud  f l o w   s t r e a m .   When  t he   r e s p e c t i v e   p o r t s  

of  the   s t a t o r   and  r o t o r   a r e   in  d i r e c t   a l i g n m e n t ,   t h e y  

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

mud  t h r o u g h   t he   m o d u l a t o r .   When  the   r o t o r   r o t a t e s  

r e l a t i v e   to  t he   s t a t o r ,   a l i g n m e n t   b e t w e e n   t h e   r e s p e c -  
t i v e   p o r t s   i s   s h i f t e d ,   i n t e r r u p t i n g   the   f l o w   of  mud  t o  



g e n e r a t e   p r e s s u r e   p u l s e s   in  the   n a t u r e   of  a c o u s t i c  

s i g n a l s .   R o t a t i o n   of  t he   r o t o r   r e l a t i v e   to  t he   s t a t o r  

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

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

s t r i n g   to  be  d e t e c t e d   a t   t he   d r i l l s i t e   s u r f a c e .   By 

s e l e c t i v e l y   v a r y i n g   the   r o t a t i o n   of  t he   r o t o r   t o  

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

of  an  e n c o d e d   p r e s s u r e   p u l s e   is   a c h i e v e d   w h i c h   c a r r i e s  

i n f o r m a t i o n   f rom  d o w n h o l e   i n s t r u m e n t s   to   the   s u r f a c e  

f o r   a n a l y s i s .  

The  l o b e   c o n f i g u r a t i o n   and  t he   r e l a t i v e  

p l a c e m e n t   of  the   s t a t o r   and  r o t o r   e l e m e n t s   o f  

c o n v e n t i o n a l   m o d u l a t o r s   i s   such   as  to  s u b j e c t   t h e  

r o t o r   to   f l u i d   d y n a m i c   f o r c e s   due  to  t he   mud  s t r e a m  

t h a t   c a u s e   t he   r o t o r   to  s eek   a  " s t a b l e   c l o s e d "  

p o s i t i o n   in  w h i c h   the   l o b e s   of  the   r o t o r   b l o c k   t h e  

p o r t s   of  the   s t a t o r .   T h e r e   is   t h u s   an  u n d e s i r a b l e  

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

b l o c k s   t he   f r e e   f l o w   of  d r i l l i n g   mud  w h e n e v e r   t h e  

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

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

as  s o l i d s   c a r r i e d   by  the   mud  s t r e a m   a r e   f o r c e d   to  p a s s  

t h r o u g h   r e s t r i c t e d   m o d u l a t o r   p a s s a g e s .   R o t o r   r e s t a r t  

is   made  more  d i f f i c u l t   b e c a u s e   the   r e d u c e d   mud  f l o w  

i n t e r f e r e s   w i t h   t h e   g e n e r a t i o n   of  r o t o r   power   by  t h e  

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

o b s t r u c t   mud  f l o w   to  such   an  e x t e n t   t h a t   l u b r i c a t i o n  

of  the  d r i l l   b i t   and  o t h e r   v i t a l   f u n c t i o n s   of  the   mud 

become  so  a d v e r s e l y   a f f e c t e d ,   t h a t   the   e n t i r e   d r i l l i n g  

o p e r a t i o n   i s   j e o p a r d i z e d .  

A  number   of  a p p r o a c h e s   have   been   p r o p o s e d   t o  

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

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



a b o v e .   One  s u c h   a p p r o a c h ,   d e s c r i b e d   in  P a t t o n ,   e t   a l .  

U .S .   P a t e n t   3 , 7 9 2 , 4 2 9 ,   is   to  use   m a g n e t i c   f o r c e   t o  
b i a s   the   m o d u l a t o r   t o w a r d   an  open   p o s i t i o n   and  h o l d   i t  

t h e r e   in  t he   e v e n t   t he   r o t o r   b e c o m e s   i n o p e r a t i v e .  

M a g n e t i c   a t t r a c t i o n   b e t w e e n   a  m a g n e t   a t t a c h e d   to  t h e  

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

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

t o r q u e   to   o v e r c o m e   the   f l u i d   d y n a m i c   t o r q u e   c a u s e d   b y  
t he   d r i l l i n g   mud  s t r e a m .   T h i s   a p p r o a c h   has   t h e  

d i s a d v a n t a g e s   t h a t   t he   t o o l   mus t   be  l e n g t h e n e d   t o  

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

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

m e a s u r e m e n t s   of  the   e a r t h ' s   m a g n e t i c   f i e l d   ( u s e d   t o  

d e r i v e   t o o l   o r i e n t a t i o n ) .  

In  c o m m e r c i a l   MWD  o p e r a t i o n s ,   the   s p a c i n g  

b e t w e e n   the   r o t o r   and  s t a t o r   c o m p o n e n t s   of  t h e  

m o d u l a t o r   mus t   be  n a r r o w   in  o r d e r   to  p r o d u c e  

s a t i s f a c t o r y   a c o u s t i c   s i g n a l s .   T h i s   r e q u i r e m e n t   m a k e s  

t h e   m o d u l a t o r   p a r t i c u l a r l y   s u s c e p t i b l e   to  j amming   o r  

o b s t r u c t i o n   by  s o l i d s   p r e s e n t   in  t he   mud  s t r e a m .   A 

s y s t e m   f o r   a v o i d i n g   s u c h   j a m m i n g ,   d e s c r i b e d   in  M a n n i n g  

U.S .   P a t e n t   R e 2 9 , 7 3 4 ,   i n c l u d e s   c o n t r o l   m e a n s  

r e s p o n s i v e   to  c o n d i t i o n s   t e n d i n g   to  s low  the   m o t o r  

( s u c h   as  an  i n c r e a s e   in  p r e s s u r e   d i f f e r e n t i a l   a c r o s s  

the   m o d u l a t o r   or  an  i n c r e a s e   in  d r i v i n g   t o r q u e  

r e q u i r e m e n t )   f o r   t e m p o r a r i l y   s e p a r a t i n g   the   r o t o r   a n d  

s t a t o r   in  o r d e r   to  a l l o w   d e b r i s   to  be  c l e a r e d   f rom  t h e  

m o d u l a t o r   by  t he   f l o w i n g   mud.  Such  a  s y s t e m   can   b e  

e m p l o y e d   to   p r o v i d e   some  r e l i e f   f rom  the   d e c r e a s e d   mud 

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

the   m o d u l a t o r   p a r t s   in  r e s p o n s e   to  t he   p r e s s u r e  

d i f f e r e n t i a l   i n c r e a s e   e x p e r i e n c e d   when  the   m o d u l a t o r  

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



SUMMARY  OF  INVENTION 

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

p r e s s u r e   p u l s e   g e n e r a t o r   or  m o d u l a t o r   of  t he   t y p e   u s e d  

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

w e l l b o r e   by  way  of  f l u i d   f l o w i n g   in  a  t u b i n g   s t r i n g  

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

s t r i n g   so  t h a t   f l u i d   f l o w i n g   in  t he   s t r i n g   w i l l   a t  

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

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

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

s t a t o r ;   t he   s t a t o r   and  r o t o r   e a c h   h a v i n g   a  p l u r a l i t y   o f  

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

a  p l u r a l i t y   of  p o r t s   fo r   f l u i d   p a s s a g e   such   t h a t  

r o t a t i o n   of  t h e   r o t o r   r e l a t i v e   to  t h e   s t a t o r   w i l l   s h i f t  

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

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

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

f l u i d   f l o w   t h r o u g h   the   h o u s i n g   w i l l   be  i n t e r r u p t e d   t o  

c a u s e   the   g e n e r a t i o n   and  t r a n s m i s s i o n   u p s t r e a m   of  a  

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

in  one  of  i t s   a s p e c t s   by  means   r e s p o n s i v e   to  t he   f l o w  

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



f o r c e s   t h a t   b i a s   t he   g e n e r a t o r   i n t o   a  s t a b l e   o p e n  
p o s i t i o n .  

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

a c c o r d a n c e   w i t h   one  a s p e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

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

a t   l e a s t   p a r t i a l l y   f l o w   t h r o u g h   the   h o u s i n g .   The  r o t o r  
i s   m o u n t e d   a d j a c e n t   to  and  d o w n s t r e a m   of  t he   s t a t o r .  
Both   s t a t o r   and  r o t o r   a r e   f o r m e d   to  have   a  p l u r a l i t y   o f  

r a d i a l   e x t e n s i o n s   or  l o b e s ,   w i t h   i n t e r v e n i n g   g a p s  
b e t w e e n   a d j a c e n t   l o b e s   s e r v i n g   to  p r e s e n t   a  p l u r a l i t y  
of  p o r t s   or  o p e n i n g s   f o r   t he   p a s s a g e   of  f l u i d   f l o w i n g  

t h r o u g h   the   h o u s i n g .   R o t a t i o n   of  t he   r o t o r   r e l a t i v e   t o  

t h e   s t a t o r   w i l l   v a r y   the   b l o c k i n g   e f f e c t   of  t he   r o t o r  

e x t e n s i o n s   to  f l o w   i s s u i n g   f rom  the   s t a t o r   p o r t s ,  

s h i f t i n g   the   r e l a t i v e   a l i g n m e n t   of  t he   r e s p e c t i v e  

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

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

( " o p e n "   p o s i t i o n )   and  a  p o s i t i o n   p r o v i d i n g   t h e   l e a s t  

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

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

such   a  m a n n e r   as  to  c a u s e   t he   g e n e r a t i o n   a n d  

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



p u l s e   s i g n a l .   The  r e l a t i v e   p l a c e m e n t   of  t he   s t a t o r  

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

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

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

the   h o u s i n g   t h a t   b i a s   t he   r o t o r   i n t o   an  o r i e n t a t i o n  

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

g e n e r a t o r .   S h o u l d   the   g e n e r a t o r   f a i l   or  o t h e r w i s e  

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

p o s i t i o n   of  minimum  f l o w   b l o c k a g e .  

In  g e n e r a l ,   t he   f o r c e s   a r e   d e v e l o p e d   f r o m  

the  f l u i d   f l ow  by  p r o v i d i n g   e a c h   l o b e   of  t he   r o t o r  

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

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

l o b e s .   The  t a p e r   of  e a c h   s i d e   on  the   r o t o r   l o b e s   i s  

p r e f e r a b l y   in  t he   r a n g e   of  a b o u t   8°  to  30°  w i t h  

r e s p e c t   to  a  v e r t i c a l   a x i s .  

In  a n o t h e r   a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,  

the   r o t o r   l o b e s   a r e   c o n f i g u r e d   in  such   a  m a n n e r   as  t o  

c a u s e   the   r o t o r   to  o s c i l l a t e   b e t w e e n   an  open   p o s i t i o n  

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

a c t i o n .   T h i s   s e r v e s   to   p r e v e n t   d e b r i s   f rom  b l o c k i n g  

the   f l o w   of  f l u i d   t h r o u g h   the   m o d u l a t o r   and  p r o v i d e s   a  

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

f l o w r a t e .   The  o s c i l l a t i o n   t a k e s   the   form  of  a e r o d y -  

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

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

t h e i r   t r a i l i n g   e d g e s   a d j a c e n t   to  t he   b a s e   of  t h e  

l o b e .   The  s i d e s   of  t he   r o t o r   l o b e s   may  a l s o   b e  

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

a d j a c e n t   to  the   top   of  the   l o b e   so  as  to  p r o v i d e   a  

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

i n t o   the   gap  b e t w e e n   the   s t a t o r   and  r o t o r .  



The  m o d u l a t o r   of  t he   p r e s e n t   i n v e n t i o n   p r o -  
v i d e s   an  i m p r o v e d   s i g n a l   s o u r c e   h a v i n g   good  o b s t r u c t i o n  
a v o i d a n c e   c a p a b i l i t i e s .   I t   ha s   p a r t i c u l a r   a p p l i c a t i o n  
in  t h e   o i l   i n d u s t r y   in  m e a s u r e m e n t s - w h i l e - d r i l l i n g ,  
w e l l   t e s t i n g   and  c o m p l e t e d   w e l l   m o n i t o r i n g   o p e r a t i o n s  

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

s u r f a c e ,   f rom  s u r f a c e   to   d o w n h o l e ,   or  b e t w e e n  

i n t e r m e d i a t e   p o i n t s   of  a  w e l l .   O t h e r   a p p l i c a t i o n s  
i n c l u d e   i t s   use   as  a  s o u n d   s o u r c e   f o r   u n d e r w a t e r  

s e i s m o l o g i c a l   e x p l o r a t i o n s ,   use   as  a  f l o w   m o n i t o r i n g  
d e v i c e   and  use   as  a  u n i d i r e c t i o n a l   f l o w   v a l v e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  c o n s t r u c t i o n ,   o p e r a t i o n ,   and  a d v a n t a g e s  

of  t he   i n v e n t i o n   can   be  b e t t e r   u n d e r s t o o d   by  r e f e r -  

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

t i o n ,   in  w h i c h :  

F i g .   1  i s   a  s c h e m a t i c   v iew  of  a  p r e s s u r e  

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

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

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

c o m m u n i c a t i o n   b e t w e e n   a  d o w n h o l e   MWD  t o o l   and  a  w e l l  

s u r f a c e ;  

F i g .   2  i s   a  s i d e   v i e w ,   in  p a r t i a l   s e c t i o n ,  

of  the   g e n e r a t o r   of  F i g .   1 ;  

F i g .   3a  i s   a  p e r s p e c t i v e   v iew  of  t h e  

g e n e r a t o r   of  F i g s .   1  and  2 ;  

F i g .   3b  i s   an  u n w r a p p e d   end  v iew  of  t h e  

s t a t o r   and  r o t o r   l o b e s   of  t he   g e n e r a t o r   o f  

F i g .   3 a ;  

F i g .   4a  i s   a  t o p   p l a n   v iew  of  the   s t a t o r   o f  

of  F i g .   3 a ;  



F i g .   4b  i s   a  s e c t i o n   v iew  t a k e n   a l o n g   t h e  

l i n e   4 b - 4 b   of  F i g .   4 a ;  

F i g .   5a  is   a  top   p l a n   v i ew  of  t he   r o t o r  

of  F i g .   3 a ;  

F i g .   5b  is   a  s e c t i o n   v iew  t a k e n   a l o n g   t h e  

l i n e   5 b - 5 b   of  F i g .   5 a ;  

F i g .   5c  i s   a  p a r t i a l   end  v i ew  as  s e e n   f r o m  

the   l i n e   5 c - 5 c   of  one  of  the   l o b e s   of  the   r o t o r   o f  

F i g .   5 a ;  

F i g .   6  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w  

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

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

F i g .   7a  i s   a  t op   p l a n   v i ew  of  a  m o d i f i e d  

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

1 - 5 c ;  

F i g .   7b  i s   an  end  v iew  as  s e e n   f rom  the   l i n e  

7 b - 7 b   of  one  s e t   of  the   s t a t o r   and  r o t o r   l o b e s   of  F i g .  

7 a ;  

F i g .   8  i s   a  f r a g m e n t e d   p e r s p e c t i v e   v i ew  of  a  

f u r t h e r   m o d i f i c a t i o n   of  t he   g e n e r a t o r   of  F i g s .   l - 5 c ,  
in  w h i c h   the   r o t o r   has   a  r e d u c e d   p o r t i o n   a d j a c e n t   t h e  

r o t o r   h u b ;  

F i g .   9  i s   a  top   p l a n   v iew  of  t he   r o t o r   o f  

F i g .   8 ;  

F i g .   10a  is  a  p e r s p e c t i v e   v iew  of  a  y e t  

f u r t h e r   m o d i f i c a t i o n   of  the   g e n e r a t o r   of  F i g s .   l - 5 c ,  

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

f l u t t e r ;   a n d  

F i g .   10b  is   an  u n w r a p p e d   end  v i ew   of  t h e  

s t a t o r   and  r o t o r   l o b e s   of  F i g .   1 0 a .  

T h r o u g h o u t   t he   d r a w i n g s ,   l i k e   r e f e r e n c e  

n u m e r a l s   a r e   u s e d   to  i d e n t i f y   l i k e   p a r t s .  



DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

F i g .   1  of  t he   d r a w i n g s   shows  a  t u b u l a r  

m e a s u r e m e n t s - w h i l e - d r i l l i n g   (MWD)  t o o l   20  c o n n e c t e d   i n  

a  t u b u l a r   d r i l l   s t r i n g   21  h a v i n g   a  r o t a r y   d r i l l   b i t   22  

c o u p l e d   to  the   end  t h e r e o f   and  a r r a n g e d   f o r   d r i l l i n g   a  
b o r e h o l e   23  of  a  w e l l   t h r o u g h   v a r i o u s   e a r t h   f o r m a t i o n s .  

As  the   d r i l l   s t r i n g   21  i s   r o t a t e d   by  a  c o n v e n t i o n a l  

d r i l l i n g   r i g   ( n o t   shown)  a t   t he   s u r f a c e   of  t he   b o r e h o l e  

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

(known  as  " d r i l l i n g   mud")  a r e   c o n t i n u o u s l y   pumped  d o w n  

t h r o u g h   the   d r i l l   s t r i n g   21  and  d i s c h a r g e d   f rom  t h e  

d r i l l   b i t   22  to  c o o l   t he   b i t   and  to  c a r r y   away  e a r t h  

c u t t i n g s   r emoved   by  the   b i t .   The  mud  is   r e t u r n e d   t o  

the   s u r f a c e   up  a l o n g   t he   a n n u l a r   s p a c e   e x i s t i n g   b e -  

t w e e n   the   w a l l s   of  t he   b o r e h o l e   23  and  the   e x t e r i o r   o f  

t h e   d r i l l   s t i n g   21.  The  c i r c u l a t i n g   mud  s t r e a m  

f l o w i n g   t h r o u g h   the   d r i l l   s t r i n g   21  s e r v e s   as  a  m e d i u m  

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

i n f o r m a t i o n   f rom  the   MWD  t o o l   20  to  the   s u r f a c e ,   a s  

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

A  d o w n h o l e   d a t a   s i g n a l i n g   u n i t   24  h a s  

t r a n s d u c e r s   m o u n t e d   on  t he   t o o l   20  t h a t   t a k e   the   f o r m  

of  one  or  more  c o n d i t i o n   r e s p o n s i v e   d e v i c e s   26  and  27 

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

c i r c u i t r y ,   s u c h   as  an  e n c o d e r   28,  w h i c h   s e q u e n t i a l l y  

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

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



t r a n s d u c e r s   26  and  27.  The  t r a n s d u c e r s   26  and  27  a r e  
s e l e c t e d   and  a d a p t e d   as  r e q u i r e d   f o r   the   p a r t i c u l a r  

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

d o w n h o l e   p r e s s u r e ,   t he   t e m p e r a t u r e ,   and  the   r e s i s -  

t i v i t y   or  c o n d u c t i v i t y   of  t he   d r i l l i n g   mud  or  a d j a c e n t  

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

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

p r e s e n t   day  w i r e l i n e   l o g g i n g   t o o l s .  

E l e c t r i c a l   power   f o r   o p e r a t i o n   of  the   d a t a  

s i g n a l i n g   u n i t   24  is   p r o v i d e d   by  a  t y p i c a l   r o t a t a b l y - .  

d r i v e n   a x i a l   f l o w   mud  t u r b i n e   29  w h i c h   has  an  i m p e l l e r  

30  r e s p o n s i v e   to  the   f l o w   of  d r i l l i n g   mud  t h a t   d r i v e s  

a  s h a f t   31  to  p r o d u c e   e l e c t r i c a l   e n e r g y .  

The  d a t a   s i g n a l i n g   u n i t   24  a l s o   i n c l u d e s   a  
m o d u l a t o r   32  w h i c h   is   d r i v e n   by  a  m o t o r   35  t o  

s e l e c t i v e l y   i n t e r r u p t   or  o b s t r u c t   t he   f l o w   of  t h e  

d r i l l i n g   mud  t h r o u g h   the   d r i l l   s t r i n g   21  in  o r d e r   t o  

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

of  a c o u s t i c   s i g n a l s .   The  m o d u l a t o r   32  i s   s e l e c t i v e l y  

o p e r a t e d   in  r e s p o n s e   to  t he   d a t a - e n c o d e d   e l e c t r i c a l  

o u t p u t   of  the   e n c o d e r   28  to  g e n e r a t e   a  c o r r e s p o n d i n g l y  

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

to  t he   w e l l   s u r f a c e   by  way  of  t he   f l u i d   f l o w i n g   in  t h e  

d r i l l   s t r i n g   21  as  a  s e r i e s   of  p r e s s u r e   p u l s e   s i g n a l s  

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

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

p a r a m e t e r s   and  f o r m a t i o n   c o n d i t i o n s   s e n s e d   by  t h e  

t r a n s d u c e r s   26  and  27.  When  t h e s e   s i g n a l s   r e a c h   t h e  

s u r f a c e ,   t h e y   a r e   d e t e c t e d ,   d e c o d e d   and  c o n v e r t e d   i n t o  

m e a n i n g f u l   d a t a   by  a  s u i t a b l e  s i g n a l   d e t e c t o r   36,  s u c h  

as  shown  in  U.S.   P a t e n t s   3 , 3 0 9 , 6 5 6 ;   3 , 7 6 4 , 9 6 8 ;  

3 , 7 6 4 , 9 6 9 ;   and  3 , 7 6 4 , 9 7 0 .  



The  m o d u l a t o r   32  i n c l u d e s   a  f i x e d   s t a t o r  
40  and  a  r o t a t a b l e   r o t o r   41  wh ich   i s   d r i v e n   by  t h e  

m o t o r   35  in  r e s p o n s e   to  s i g n a l s   g e n e r a t e d   by  t h e  

e n c o d e r   28.  R o t a t i o n   of  the   r o t o r   41  i s   c o n t r o l l e d   i n  

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

e n c o d e r   28  in  o r d e r   to  p r o d u c e   a  c o r r e s p o n d i n g l y  
e n c o d e d   a c o u s t i c   o u t p u t   s i g n a l .   T h i s   can   b e  

a c c o m p l i s h e d   by  a p p l y i n g   w e l l - k n o w n   t e c h n i q u e s   to  v a r y  
the   d i r e c t i o n   or  s p e e d   of  the  m o t o r   35  or  t o  

c o n t r o l l a b l y   c o u p l e / u n c o u p l e   t he   r o t o r   41  f rom  t h e  

d r i v e   s h a f t   of  the   m o t o r   3 5 .  

The  s t a t o r   40  has   a  p l u r a l i t y   of  e v e n l y -  

s p a c e d   b l o c k - l i k e   l o b e s   71  c i r c u m f e r e n t i a l l y   a r r a n g e d  

a b o u t   a  c e n t r a l   hub.   The  g a p s   b e t w e e n   a d j a c e n t   l o b e s  

71  p r o v i d e   a  p l u r a l i t y   of  p o r t s   to  p a s s   t he   i n c i d e n t  

d r i l l i n g   mud  t h r o u g h   the   s t a t o r   as  j e t s   or  s t r e a m s  

d i r e c t e d   more   or  l e s s   p a r a l l e l   to  t he   s t a t o r   h u b  

a x i s .   The  r o t o r   41  has  a  s i m i l a r   c o n f i g u r a t i o n   t o  

t h a t   of  t he   s t a t o r   40  and  i s   p o s i t i o n e d   a d j a c e n t   t o  

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

a x i s   c o a x i a l   w i t h   t he   hub  a x i s   of  t he   s t a t o r .   As  t h e  

r o t o r   41  i s   r o t a t e d ,   i t s   l o b e s   72  s u c c e s s i v e l y   m o v e  

i n t o   and  o u t   of  p o s i t i o n s   o b s t r u c t i n g   the   f l o w   of  t h e  

f l u i d   j e t s   t h r o u g h   the   p o r t s   of  t he   s t a t o r   40,  t o  

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

u p s t r e a m   in  t he   c i r c u l a t i n g   m u d .  

When  the   r o t o r   41  i s   r o t a t e d   in  r e l a t i o n   t o  

the   s t a t o r   40  so  as  to  m o m e n t a r i l y   p r e s e n t   t h e  

g r e a t e s t   f l o w   o b s t r u c t i o n   to  the   c i r c u l a t i n g   mud 

s t r e a m ,   t he   r e s u l t i n g   a c o u s t i c   s i g n a l   w i l l   be  a t   i t s  

maximum  a m p l i t u d e .   As  the   r o t o r   41  c o n t i n u e s   t o  

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

by  the   m o d u l a t o r   32  w i l l   d e c r e a s e   f rom  i t s   maximum  t o  

i t s   minimum  v a l u e   as  t he   r o t o r   moves   to  a  p p s i t i o n   i n  

wh ich   i t   p r e s e n t s   the   l e a s t   o b s t r u c t i o n   to  t h e   mud 



f l o w .   F u r t h e r   r o t o r   r o t a t i o n   w i l l   c a u s e   a  

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

r o t o r   a g a i n   a p p r o a c h e s   i t s   n e x t   maximum  f l o w  

o b s t r u c t i o n   p o s i t i o n .  

Those   s k i l l e d   in  t he   a r t   w i l l   r e c o g n i z e   t h a t  

r o t a t i o n   of  the   m o d u l a t o r   r o t o r   41  w i l l   p r o d u c e   a n  
a c o u s t i c   o u t p u t   s i g n a l   h a v i n g   a  c y c l i c   w a v e f o r m   w i t h  

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

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

r o t a t i o n   of  the   r o t o r   41  w i l l   p r o d u c e   a  t y p i c a l  

a l t e r n a t i n g   or  c y c l i c   s i g n a l   a t   a  d e s i g n a t e d   f r e q u e n c y  

wh ich   w i l l   have   a  d e t e r m i n a b l e   p h a s e   r e l a t i o n s h i p   i n  

r e l a t i o n   to  some  o t h e r   a l t e r n a t i n g   s i g n a l ,   s u c h   as  a  

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

of  the  s i g n a l   d e t e c t o r   36.  By  m o m e n t a r i l y   a d v a n c i n g ,  

r e t a r d i n g ,   s t o p p i n g   or  r e v e r s i n g   the   r o t a t i o n   of  t h e  

r o t o r   41  in  r e s p o n s e   to  o u t p u t   f rom  the   e n c o d e r   2 8 ,  

the   r o t o r   can  be  s e l e c t i v e l y   s h i f t e d   to  a  d i f f e r e n t  

p o s i t i o n   v i s - a - v i s   t h e   s t a t o r   40  t h a n   i t   wou ld   h a v e  

o c c u p i e d   had  i t   c o n t i n u e d   to  r o t a t e   w i t h o u t   c h a n g e .  

T h i s   s e l e c t i v e   s h i f t i n g   c a u s e s   t he   p h a s e   of  t h e  

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

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

t he   s i g n a l   g e n e r a t e d   by  the   m o d u l a t o r   32  a c t s   t o  

t r a n s m i t   d o w n h o l e   m e a s u r e m e n t   i n f o r m a t i o n   by  way  o f  

the   mud  c o l u m n   to  t he   w e l l   s u r f a c e   fo r   d e t e c t i o n   b y  

the   s i g n a l   d e t e c t o r   36.  A  s h i f t   in  p h a s e   a t   a  

p a r t i c u l a r   i n s t a n c e   s i g n i f i e s   a  b i n a r y   b i t   "1"  ( o r  

"0")  and  a b s e n c e   of  a  s h i f t   s i g n i f i e s   a  b i n a r y   b i t   " 0 "  

(or  " 1 " ) .   O t h e r   s i g n a l   m o d u l a t i o n   t e c h n i q u e s   a r e  

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

m o d u l a t i o n   and  d e c o d i n g   s c h e m e s   to  be  e m p l o y e d   i n  

c o n n e c t i o n   w i t h   t he   o p e r a t i o n   of  the   m o d u l a t o r   32  a r e  



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

u n n e c e s s a r y   to  an  u n d e r s t a n d i n g   of  t he   p r e s e n t  
i n v e n t i o n .  

As  shown  in  F i g .   2,  b o t h   t h e   s t a t o r   40  a n d  

the   r o t o r   41  a r e   m o u n t e d   w i t h i n   a  t u b u l a r   h o u s i n g   42  

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

c o l l a r   43  by  means   of  e n l a r g e d   a n n u l a r   p o r t i o n s   44  a n d  

45  of  t he   h o u s i n g   42  wh ich   c o n t a c t   t he   i n n e r   s u r f a c e  

of  the   d r i l l   c o l l a r   43.  A  p l u r a l i t y   of  " O " - r i n g s   46 

and  47  p r o v i d e   s e a l i n g   e n g a g e m e n t   b e t w e e n   the   c o l l a r  

43  and  the   h o u s i n g   4 2 .  

The  s t a t o r   40  i s   m o u n t e d   by  way  of  t h r e a d e d  

c o n n e c t i o n s   50  ( s ee   a l s o   F i g .   4b)  to  an  end  of  a  

s u p p o r t i n g   s t r u c t u r e   51  c e n t r a l l y   l o c a t e d   w i t h i n   t h e  

h o u s i n g   42  and  l o c k e d   in  p l a c e   by  a  s e t   s c r e w   56.  T h e  

s p a c e   b e t w e e n   t he   end  of  t he   t h r e a d e d   p o r t i o n   of  t h e  

s t a t o r   40  and  an  a d j a c e n t   s h o u l d e r   of  the   s u p p o r t i n g  

s t r u c t u r e   51  i s   f i l l e d   w i t h   a  p l u r a l i t y   of  " O " - r i n g s  

55.   The  s u p p o r t i n g   s t r u c t u r e   51  i s   m a i n t a i n e d   i n  

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

42  by  means   of  a  f r o n t   s t a n d o f f   or  s p i d e r   52.  T h e  

s t a n d o f f   52  i s   s e c u r e d   to   t h e   s u p p o r t i n g   s t r u c t u r e   5 1  

by  way  of  a  p l u r a l i t y   of  hex  b o l t s   53  ( o n l y   one  o f  

wh ich   i s   shown)  and ,   in  t u r n ,   s e c u r e d   to  t he   h o u s i n g  

42  by  a  p l u r a l i t y   of  hex  b o l t s   54  ( o n l y   one  of  w h i c h  

is   s h o w n ) .   The  f r o n t   s t a n d o f f   52  i s   p r o v i d e d   w i t h   a  

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

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

s u p p o r t i n g   s t r u c t u r e   51  and  t he   i n n e r   w a l l s   of  t h e  

h o u s i n g   4 2 .  



The  r o t o r   41  i s   m o u n t e d   f o r   r o t a t i o n   on  a  

s h a f t   60  of  t he   m o t o r   35  ( F i g .   1)  which   d r i v e s   t h e  

r o t o r   41.  The  r o t o r   41  has   a  r o t o r   b u s h i . n g   59  ( F i g .  

2)  keyed   n e a r   t he   end  of  the   s h a f t   60  and  f o r c e d   i n t o  

a b u t m e n t   w i t h   a  s h o u l d e r   61  of  the   s h a f t   60  by  a  

b u s h i n g   62  a l s o   k e y e d   to  the   end  of  the   s h a f t   60.  T h e  

b u s h i n g   62  i s   f o r c e d   a g a i n s t   the   r o t o r   b u s h i n g   59  b y  

means   of  a  hex  nu t   63  t h r e a d e d   to  t he   f r e e   end  of  t h e  

s h a f t   60.  An  i n s p e c t i o n   p o r t   58  i s   p r o v i d e d   f o r  

e x a m i n i n g   the   s t a t o r   and  r o t o r   l o b e s   71,  72  to  m e a s u r e  

r o t o r - s t a t o r   s p a c i n g   and  to  d e t e c t   w e a r .  

The  s h a f t   60  is   s u p p o r t e d   w i t h i n   a  b e a r i n g  

h o u s i n g   65  f o r   r o t a t i o n   a b o u t   a  b e a r i n g   s t r u c t u r e   6 6 .  

The  b e a r i n g   h o u s i n g   65  is  s u p p o r t e d   in  s p a c e d   r e l a -  

t i o n s h i p   to   the   i n n e r   w a l l s   of  the   h o u s i n g   42  by  way  

of  r e a r   s t a n d o f f   or  s p i d e r   67  s e c u r e d   to  t he   b e a r i n g  

h o u s i n g   by  way  of  hex  b o l t s   68  and ,   in  t u r n ,   s e c u r e d  

to  t he   h o u s i n g   42  by  way  of  hex  b o l t s   6 9 .  

As  shown  in  F i g s .   2  and  3,  d r i l l i n g   f l u i d  

f l o w s   i n t o   t he   top   of  the   h o u s i n g   42  in  t he   d i r e c t i o n  

i n d i c a t e d   by  a r r o w s   70  ( F i g .   2)  t h r o u g h   t he   a n n u l a r  

s p a c e   b e t w e e n   t he   e x t e r n a l   w a l l   of  the   s u p p o r t i n g  

s t r u c t u r e   51  and  the   i n n e r   w a l l s   of  the   h o u s i n g   42  a n d  

f l o w s   t h r o u g h   p o r t s   of  the   s t a t o r   40  and  t he   r o t o r  

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

67  and  on  to  t he   d r i l l   b i t   22  ( F i g .   1 ) .   The  s h a f t   60  

d r i v e s   the   r o t o r   41  to   i n t e r r u p t   the   f l u i d   j e t s  

p a s s i n g   t h r o u g h   t he   p o r t s   of  t he   s t a t o r   40  to  g e n e r a t e  

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



In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   the   r o t o r  
41  i s   p o s i t i o n e d   d o w n s t r e a m   of  t he   s t a t o r   40  and  i t s  

l o b e s   72  a r e   c o n f i g u r e d   to  p r o v i d e   f l u i d   d y n a m i c  
f o r c e s   in  r e s p o n s e   to  t he   mud  f l o w   wh ich   d r i v e   t h e  

r o t o r   41  to  an  open   p o s i t i o n   r e l a t i v e   to  the   s t a t o r   40 

w h e n e v e r   t he   r o t o r   41  i s   n o t   b e i n g   d r i v e n   by  the   m o t o r  

35.  More  s p e c i f i c a l l y ,   t he   r e l a t i v e   g e o m e t r y   a n d  

p l a c e m e n t   of  t he   s t a t o r   40  and  the   r o t o r   4 1  

e s t a b l i s h e s   f l u i d   d y n a m i c   b i a s i n g   of  the   r o t o r   41  i n t o  

an  o r i e n t a t i o n   in  w h i c h   t he   l o b e s   72  of  the   r o t o r   4 1  

p r o v i d e   the  l e a s t   o b s t r u c t i o n   to  f l u i d   f l o w i n g   t h r o u g h  
the   p o r t s   of  t he   s t a t o r   4 0 .  

F i g s .   3 a - 5 c   show  t he   f e a t u r e s   of  a  f i r s t  

e m b o d i m e n t   of  m o d u l a t o r   32  t h a t   e x h i b i t s   such   " s t a b l e  

open"   b e h a v i o r .   F i g .   6  i d e n t i f i e s   d i m e n s i o n s   u s e f u l  

in  u n d e r s t a n d i n g   t h e s e   f e a t u r e s .  

The  g e n e r a l   r e l a t i o n s h i p   b e t w e e n   the   s t a t o r  

40  and  the   r o t o r   41  of  t he   m o d u l a t o r   32  is   shown  i n  

F i g .   3a.   As  i n d i c a t e d   by  t he   a r r o w s ,   d r i l l i n g   mud 

f l o w s   t h r o u g h   t he   h o u s i n g   42  in  t he   d o w n h o l e   d i r e c t i o n  

and  r o t a t i o n   of  the   r o t o r   41  g e n e r a t e s   an  a c o u s t i c  

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

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

u p s t r e a m   of  t he   s t a t o r ,   t he   r o t o r   of  the   m o d u l a t o r   32  

i s   l o c a t e d   d o w n s t r e a m   of  the   s t a t o r .  

As  shown,   b o t h   t h e   s t a t o r   40  and  the   r o t o r  

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

l o b e s   71,  72  c i r c u m f e r e n t i a l l y   s p a c e d   in  a  s y m m e t r i c a l  

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

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

hub ,   e a c h   l o b e   b e i n g   d e f i n e d   by  a  top   ( u p s t r e a m  

s u r f a c e ) ,   a  b a s e   ( d o w n s t r e a m   s u r f a c e ) ,   o p p o s i t e  



r a d i a l l y - e x t e n d i n g   s i d e s   ( s u r f a c e s   e x t e n d i n g   o u t w a r d l y  

f rom  the   hub  t h a t   j o i n   the   top   and  the   b a s e ) ,   and  a n  

end  ( s u r f a c e   f u r t h e s t   f rom  and  c o n c e n t r i c   w i t h   the   h u b  

t h a t   a b u t s   t h e   i n n e r   w a l l s   of  t he   h o u s i n g ) .   A l l   l o b e s  

71  of  the   s t a t o r   40  a r e   i d e n t i c a l l y   c o n s t r u c t e d   a n d  

a l l   l o b e s   72  of  the   r o t o r   41  a r e   i d e n t i c a l l y  
c o n s t r u c t e d .   The  same  number   of  l o b e s   i s   u sed   fo r   t h e  

s t a t o r   and  t he   r o t o r ,   t h i s   number   b e i n g   c o n v e n i e n t l y  

s e l e c t e d   as  s i x .   S e l e c t i o n   of  a  d i f f e r e n t   number   i s  

p o s s i b l e ,   bu t   w i l l   c h a n g e   the   c h a r a c t e r i s t i c s   of  t h e  

g e n e r a t e d   s i g n a l .  

For  more  r i g i d i t y ,   e i t h e r   one  or  b o t h   of  t h e  

s t a t o r   40  and  r o t o r   41  may  o p t i o n a l l y   be  p r o v i d e d   w i t h  

a  r im  t h a t   c i r c u m s c r i b e s   the   e n d s   of  i t s   l o b e s .   T h e  

s t a t o r   40  may  a l s o ,   a l t e r n a t i v e l y ,   be  f o r m e d  

i n t e g r a l l y   w i t h   t he   h o u s i n g   42.  T h i s   i s   a  c h o i c e  

b a s e d   on  m a n u f a c t u r i n g   c o n v e n i e n c e .  

The  p o r t s   b e t w e e n   a d j a c e n t   l o b e s   on  e a c h   o f  

the   s t a t o r   and  the   r o t o r   a r e   d e f i n e d   by  t h e   p e r i p h e r y  

of  the   hub  and  the   f a c i n g   s i d e s   of  a d j a c e n t   l o b e s .   I t  

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

the   r e s p e c t i v e   l o b e s   and  i n t e r v e n i n g   p o r t s   to  b e  

d i m e n s i o n e d   so  t h a t   t h e y   a re   a p p r o x i m a t e l y   the   s a m e  

s i z e .  

The  s ix   l o b e s   71  of  t he   s t a t o r   40  ( F i g s .   3 a ,  

3b,  4a  and  4b)  a re   e v e n l y   d i s t r i b u t e d   a b o u t   the   s t a t o r  

hub.   The  t o p s   and  b a s e s   of  t he   s t a t o r   l o b e s   71  a r e  

p a r a l l e l   to  e a c h   o t h e r   and  p e r p e n d i c u l a r   to  the   h u b  

a x i s .   The  s i d e s   of  t he   l o b e s   71  a re   g e n e r a l l y   r a d i a l  

w i t h   r e s p e c t   to  the   hub  a x i s ,   w i t h   o p p o s i t e   s i d e s   o f  

each   l o b e   b e i n g   a n g l e d   a t   30°  and  l i k e   s i d e s   o f  

a d j a c e n t   l o b e s   b e i n g   a n g l e d   a t   60°  r e l a t i v e   to  t h e  

hub  a x i s   ( F i g .   4 a ) .   The  i n t e r n a l   t h r e a d s   50  p r o v i d e d  



on  the   i n s i d e   of  the   s t a t o r   hub  ( s ee   F i g .   4 b ) ,   i n  

a d d i t i o n   to  c o n n e c t i n g   t he   s t a t o r   40  to  t he   s u p p o r t i n g  
s t r u c t u r e   51  as  d e s c r i b e d   p r e v i o u s l y ,   p r o v i d e   m e a n s  
f o r   a d j u s t i n g   t he   a m p l i t u d e   of  the   g e n e r a t e d   a c o u s t i c  

s i g n a l   by  v a r y i n g   the   s p a c i n g   b e t w e e n   the   b a s e s   of  t h e  

s t a t o r   l o b e s   71  and  the   t o p s   of  the   r o t o r   l o b e s   7 2 .  

S t a t o r   l o b e s   71  a r e   f o r m e d   w i t h   the   o u t e r   w i d t h   Wl  a n d  

a r e a   of  the   top   of  t he   l o b e   b e i n g   e q u a l   to  t h e   o u t e r  
w i d t h   W2 and  a r e a   of  t he   b a s e   of  the   l o b e   ( F i g .   6 ) .  

S t a t o r   p o r t s   a r e   f o r m e d   to  have   e q u a l   i n l e t   and  o u t l e t  

o p e n i n g s ,   w i t h   t he   i n n e r   and  o u t e r   w i d t h s   P l ,   P3  o f  

the   i n l e t   o p e n i n g s   b e i n g   the   same  as  t h e   r e s p e c t i v e  

i n n e r   and  o u t e r   w i d t h s   P2,  P4  of  the   o u t l e t   o p e n i n g s .  

The  r o t o r   l o b e s   72  ( F i g s .   3a ,   3b  and  5 a - 5 c )  

a r e   e v e n l y   d i s t r i b u t e d   a b o u t   t he   r o t o r   hub  so  t h a t  

r a d i a l   l i n e s   d r a w n   f rom  t he   hub  a x i s   t h r o u g h   c e n t e r s  

of  l o b e s   72  make  a n g l e s   of  60°  w i t h   e a c h   o t h e r   a n d  

a n g l e s   of  300  w i t h   l i n e s   d rawn   f rom  the   hub  a x i s  

t h r o u g h   the   c e n t e r s   of  a d j a c e n t   r o t o r   p o r t s   ( s e e   F i g .  

5 a ) .   L i k e   t h o s e   of  t he   s t a t o r   40,  t he   l o b e s   72  of  t h e  

r o t o r   41  have   p a r a l l e l   t o p s   and  b a s e s   w h i c h   a r e  

p e r p e n d i c u l a r   to  t he   hub  a x i s .   The  s i d e s   of  t h e   l o b e s  

72,  h o w e v e r ,   a r e   o u t w a r d l y   t a p e r e d   in  t he   d i r e c t i o n   o f  

f l u i d   f l o w   ( " p o s i t i v e "   t a p e r ) .   T h u s ,   t he   o u t s i d e  

w i d t h   W4  ( see   F i g .   6)  and  a r e a   of  the   b a s e   ( t r a i l i n g  

f a c e )   of  each   r o t o r   l o b e   72  i s   g r e a t e r   t h a n   t h e  

c o r r e s p o n d i n g   o u t s i d e   w i d t h   W3  and  a r e a   of  i t s   t o p  

( l e a d i n g   f a c e ) .   F i g .   5c  i l l u s t r a t e s   a  p r e f e r r e d  

p o s i t i v e   u n i f o r m   t a p e r   of  12°  f o r   the   s i d e s   of  t h e  

l o b e s   72.  O t h e r   t a p e r s   of  8°  to   30°  a r e   a l s o  

s u i t a b l e .  



As  shown  in  F i g .   5a,   t he   e d g e s   74  and  75  o f  

each   r o t o r   l o b e   72  ( f o r m e d   whe re   t he   s i d e s   meet   t h e  

top)   a re   a n g l e d   at   270,   as  a re   t he   e d g e s   76  and  77  

( f o r m e d   w h e r e   the  s i d e s   mee t   the   b a s e ) .   The  t o p s   o f  

the   r o t o r   l o b e s   72  u n d e r l a p   t he   b a s e s   of  t he   s t a t o r  

l o b e s   71,  w i t h   the   o u t s i d e   w i d t h   W3  ( F i g .   6)  and  a r e a  
of  the   top   of  e ach   r o t o r   l o b e   72  b e i n g   l e s s   t h a n   t h e  

c o r r e s p o n d i n g   o u t s i d e   w i d t h   W2  and  a r e a   of  the   b a s e   o f  

e a c h   s t a t o r   l o b e   71.  The  r o t o r   p o r t s   a re   c o n f i g u r e d  
in  a  c o m p l e m e n t a r y   way,  so  t h a t   t he   i n s i d e   w i d t h   P 5 ,  
o u t s i d e   w i d t h   P7  and  a r e a   of  t he   i n l e t   o p e n i n g   of  e a c h  

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

w i d t h   P2,  o u t s i d e   w i d t h   P4  and  a r e a   of  the   o u t l e t  

o p e n i n g   of  e a c h   s t a t o r   p o r t   ( s ee   F i g .   6) .   S i n c e   t h e  

r o t o r   p o r t s   a r e   f o r m e d   by  the   s p a c e s   b e t w e e n   the   r o t o r  

l o b e s   72,  the   s i d e s   of  t he   p o r t s   a r e   i n w a r d l y   t a p e r e d  

in  t he   d o w n s t r e a m   d i r e c t i o n .  

As  shown  in  F i g s .   5a  and  5b,  e a c h   r o t o r   l o b e  

72  has  a  b o r e   80  to  r e c e i v e   t he   m a c h i n e   s c r e w s   57  

( F i g .   2)  w h i c h   s e r v e   to  f a s t e n   the   l o b e s   72  to  t h e  

r o t o r   b u s h i n g   5 9 .  

The  r e l a t i v e   d i m e n s i o n i n g   of  s t a t o r   a n d  

r o t o r   l o b e s   71,  72,  as  d e s c r i b e d ,   c a u s e s   t he   f l o w i n g  

mud  to  e x e r t   f l u i d   d y n a m i c   f o r c e s   on  the   r o t o r   w h i c h  

b i a s   the   m o d u l a t o r   32  i n t o   a  s t a b l e   open  p o s i t i o n .  

When  the   m o d u l a t o r   32  i s   in  a  n o n e q u i l i b r i u m   s t a t e   a s  

shown  in  F i g .   3b,  f o r c e s   a r e   g e n e r a t e d   t h a t   a c t   on  t h e  

g e o m e t r y   of  t he   m o d u l a t o r   to   c a u s e   h i g h   p r e s s u r e   to  b e  

a p p l i e d   to  one  s i d e   of  t he   r o t o r   l o b e s   72  and  l o w  

p r e s s u r e   to  be  a p p l i e d   to   t he   o t h e r   s i d e .   T h e s e  

f o r c e s   u r g e   the   r o t o r   l o b e s   72  i n t o   p o s i t i o n s   d i r e c t l y  

b e l o w   the   s t a t o r   l o b e s   71,  t h e r e b y   a l i g n i n g   s t a t o r   a n d  

r o t o r   p o r t s   to  p r o v i d e   the   g r e a t e s t   p a s s a g e w a y   f o r   f l o w  

of  f l u i d   t h r o u g h   the   m o d u l a t o r   3 2 .  



E x a m p l e   s t a t o r   and  r o t o r   d i m e n s i o n s   f o r   a  

m o d u l a t o r ,   c o n f i g u r e d   as  shown  in  F i g s .   3 a - 5 c ,   t h a t  

e x h i b i t s   s t a b l e   open   p e r f o r m a n c e   a r e   g i v e n   b e l o w .  

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

s t a t o r   of  1 / 8 "   and  g a v e   s a t i s f a c t o r y   p e r f o r m a n c e   a t   a  

r o t o r - s t a t o r   s p a c i n g   of  1 / 1 6 " .   D i m e n s i o n s   a r e  

i d e n t i f i e d   w i t h   r e f e r e n c e   to  F i g .   6 .  

S t a t o r   40  

Number  of  Lobes   =  6  

O u t s i d e   D i a m e t e r   = 4  1 / 2 "  

Dep th   =  5 / 8 "  

Wid th   Wl  =  1 5 / 1 6 "  

Wid th   W2  =  1 5 / 1 6 "  

T h i c k n e s s   =  1"  

Hub  D i a m e t e r   =  2  1 / 4 "  

P o r t   S p a c i n g   Pl  =  5 / 8 "  

P2  =  5 / 8 "  

P3  =  1 5 / 1 6 "  

P4  =  1 5 / 1 6 "  

R o t o r   4 1  

Number  of  L o b e s   =  6  

O u t s i d e   D i a m e t e r   =  4   1 5 / 3 2 "  

Dep th   =  1 9 / 3 2 "  

Wid th   W3  =  1 3 / 1 6 "  

W i d t h   W4  =  1  1 / 8 "  

T h i c k n e s s =   5 / 8 "  

Hub  D i a m e t e r   =  2  1 / 4 "  

T a p e r   =  1 2 °  

P o r t   S p a c i n g   P5  =  5 / 8 "  

P6  =  3 / 8 "  

P7  =  1"  

P8  =  1 1 / 1 6 "  



I t   i s   p o i n t e d   o u t   t h a t   s t a b l e   open  p e r f o r -  

mance  is   a c h i e v e d   o n l y   f o r   the   f l u i d   f low  d i r e c t i o n  

shown  in  F i g .   3a.  For  f l u i d   f l o w   in  the   o p p o s i t e  

d i r e c t i o n ,   m o d u l a t o r   32  w i l l   e x h i b i t   the   s t a b l e   c l o s e d  

p e r f o r m a n c e   of  p r i o r   a r t   d e v i c e s .   For  a  f r e e l y  

r o t a t a b l e   s h a f t   60  ( n o t   d r i v e n   and  no t   p r e v e n t e d   f r o m  

r o t a t i n g ) ,   m o d u l a t o r   32  w i l l   t h u s   a c t   in  the   manner   o f  

a  c h e c k   v a l v e ,   o p e n i n g   in  r e s p o n s e   to  f l u i d   f l o w   i n  

one  d i r e c t i o n   and  c l o s i n g   in  r e s p o n s e   to  f l u i d   f l o w   i n  

the   o t h e r   d i r e c t i o n .  

O t h e r   e m b o d i m e n t s   of  s t a b l e   open  m o d u l a t o r s  

32  can   be  c o n s t r u c t e d   f o l l o w i n g   the   same  p r i n c i p l e s  

a p p l i e d   a b o v e .  

In  g e n e r a l ,   t he   s t a t o r   s h o u l d   be  l o c a t e d  

u p s t r e a m   of  the   r o t o r .   S t a t o r   l o b e s   s h o u l d   p r e f e r a b l y  

have   s t r a i g h t   ( u n t a p e r e d )   r a d i a l l y - e x t e n d i n g   s i d e s   a n d  

be  d i m e n s i o n e d   so  t h a t   l o b e s   and  i n t e r v e n i n g   p o r t s  

have   a p p r o x i m a t e l y   t he   same  s i z e .   The  r o t o r   t h i c k n e s s  

( F i g .   6)  s h o u l d   p r e f e r a b l y   be  e q u a l   to  or  l e s s   t h a n  

t he   t h i c k n e s s   of  the   s t a t o r .   The  s i d e s   of  t he   r o t o r  

l o b e s   s h o u l d   be  o u t w a r d l y   t a p e r e d   in  the  d o w n s t r e a m  

d i r e c t i o n ,   w i t h   a  p o s i t i v e   t a p e r   p r e f e r a b l y   of  8°  t o  

300.   U n d e r l a p   s h o u l d   be  p r o v i d e d   b e t w e e n   the   top   o f  

t he   r o t o r   l o b e s   and  the   b a s e   of  the   s t a t o r   l o b e s   ( i . e .  

t h e   a r e a   of  the   top   of  the   r o t o r   l o b e s   s h o u l d   b e  

s m a l l e r   t h a n   the   a r e a   of  the   b a s e   of  the   s t a t o r   l o b e s ) .  

The  amoun t   of  u n d e r l a p   n e e d e d   w i l l   d e p e n d   on  t he   r o t o r  

t h i c k n e s s   and  t a p e r .   The  t h i n n e r   the  r o t o r ,   the   l e s s  

u n d e r l a p   w i l l   be  r e q u i r e d .   R o t o r - s t a t o r   s p a c i n g  

s h o u l d   no t   be  too   s m a l l .   S u i t a b l e   s p a c i n g   can  b e  

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

s i g n a l s ;   l a r g e r   s p a c i n g s   g i v e   b e t t e r   s t a b l e   o p e n  

p e r f o r m a n c e .  
t 



A  s e c o n d   e m b o d i m e n t   of  t he   m o d u l a t o r   3 2 ,  
c o n s t r u c t e d   in  a c c o r d a n c e   w i t h   t h e   f o r e g o i n g   c r i t e r i a ,  

c o m p r i s e s   a  s t a t o r   85  and  a  r o t o r   86  as  i l l u s t r a t e d   i n  

F i g s .   7a  and  7b.  The  s t a t o r   85  has   f i v e   l o b e s   87  

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

hub.   E x a m p l e   s t a t o r   and  r o t o r   d i m e n s i o n s   f o r   a  s t a b l e  

open   m o d u l a t o r ,   c o n f i g u r e d   as  shown  in  F i g s .   7a  and  7 b  

f o r   o p e r a t i o n   w i t h   a  r o t o r - s t a t o r   s p a c i n g   of  3 / 3 2 " ,  

a r e   g i v e n   b e l o w :  

S t a t o r   85  

Number  of  Lobes   =  5  

O u t s i d e   D i a m e t e r   = 4  3 / 8 "  

Dep th   =  3 / 4 "  

W i d t h   Wl  =  1  1 3 / 3 2 "  

W i d t h   W2  =  1  1 3 / 3 2 "  

T h i c k n e s s   =  1  1 / 4 "  

Hub  D i a m e t e r   =  2  1 3 / 1 6 "  

P o r t   S p a c i n g   Pl  =  1 3 / 1 6 "  

P2  =  1 3 / 1 6 "  

P3  =  1  9 / 3 2 "  

P4  =  1  9 / 3 2 "  

R o t o r   86  

Number  of  Lobes   =  5  

O u t s i d e   D i a m e t e r   = 4  1 1 / 3 2 "  

D e p t h   =  3 / 4 "  

W i d t h   W3  =  1  1 5 / 3 2 "  

W i d t h   W4  =  1  7 / 8 "  

T h i c k n e s s   =  1 3 / 3 2 "  



Hub  D i a m e t e r   =  2  1 3 / 1 6 "  

T a p e r   =  3 0 0  

P o r t   S p a c i n g   P5  =  1 5 / 1 6 "  

P6  =  1 7 / 3 2 "  

P7  =  1  3 / 1 6 "  

P8  =  3 / 4 "  

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

a d j a c e n t   l o b e s   87  make  a n g l e s   of  72°  w i t h   e a c h  

o t h e r .   The  o p p o s i t e   s i d e s   of  e a c h   l o b e   87  a r e   a n g l e d  

a t   36°  and  the   f a c i n g   s i d e s   of  a d j a c e n t   l o b e s   87  a r e  

a l s o   a n g l e d   a t   360.   The  s t a t o r   is   t h u s   s y m m e t r i c a l ,  
w i t h   the   s i z e   of  i t s   l o b e s   b e i n g   the   same  as  t he   s i z e  

of  i t s   p o r t s .  

The  r o t o r   86  i s   l o c a t e d   d o w n s t r e a m   of  t h e  

s t a t o r   85  and  l i k e w i s e   h a s  f i v e   l o b e s   88  e v e n l y   s p a c e d  
a b o u t   a  c e n t r a l   hub.   The  s i d e s   of  the   l o b e s   88  a r e  

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

p o s i t i v e   t a p e r   of  30° .   The  o u t s i d e   w i d t h   W3  of  e a c h  

r o t o r   top  i s   s l i g h t l y   g r e a t e r   t h a n   the   o u t s i d e   w i d t h  

W2  of  e ach   s t a t o r   l o b e   b a s e   ( s e e   end  v iew  F i g .   7 b ) .  

U n d e r l a p   is   p r o v i d e d   b e t w e e n   the   s t a t o r   l o b e s   87  a n d  

the   r o t o r   l o b e s   88  by  p r o v i d i n g   a  g r e a t e r   a n g l e   o f  

c o n v e r g e n c e   f o r   t he   top   e d g e s   of  the   s i d e s   of  t h e  

r o t o r   l o b e s   88  t h a n   f o r   t he   b o t t o m   e d g e s   of  t he   s i d e s  

of  the   s t a t o r   l o b e s   87.  As  shown  in  F i g .   7a,  t h e  

l o w e r   e d g e s   89  of  t he   s i d e s   of  e ach   r o t o r   l o b e   85  a r e  

a n g l e d   a t   52°  and  r a d i a t e   o u t w a r d l y   f rom  a  p o i n t   o n  

t he   c e n t e r   a x i s   of  the   r o t o r   hub.   The  u p p e r   e d g e s   90 

and  91  of  the   s i d e s   of  e a c h   r o t o r   l obe   86,  a l s o   a n g l e d  

a t   520,   r a d i a t e   f rom  a  p o i n t   a l o n g   the   l o b e  



c e n t e r l i n e   d i s p l a c e d   f rom  the   hub  a x i s .   C o n s e q u e n t l y ,  
t he   r o t o r   l o b e   top   has   a  s m a l l e r   s u r f a c e   a r e a   t h a n  

t h a t   of  t he   b a s e   of  t he   s t a t o r   l o b e   85.  A l t h o u g h   t h e  

u n d e r l a p   a t   t he   a d j a c e n t   e d g e s   of  the   e n d s   of  t h e  

r o t o r   and  s t a t o r   l o b e s   i s   s l i g h t l y   n e g a t i v e   (W2-W3  = 

- 1 / 1 6 "   in  the   e x a m p l e   g i v e n   a b o v e ) ,   t he   u n d e r l a p  

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

F i g .   8  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   t h a t   c o m p r i s e s   a  s t a t o r   100  p o s i -  

t i o n e d   u p s t r e a m   of  a  r o t o r   101.   The  s t a t o r   100  h a s  

s i x   l o b e s   and  i s   s i m i l a r   to  the   s t a t o r   40,  p r e v i o u s l y  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   4a  and  4b.  T h e  

s i z e s   of  t he   s t a t o r   l o b e s   102  and  i n t e r v e n i n g   s t a t o r  

p o r t s   a r e   t h e   same,   w i t h   t he   w i d t h s   Wl,  W2,  P3  and  P4 

a l l   b e i n g   e q u a l   ( s ee   F i g .   6 ) .   The  r o t o r   101  i s  

d e s i g n e d   so  t h a t   t h e   o u t s i d e   w i d t h   W4  of  t he   b a s e   o f  

e a c h   l o b e   103  i s   e q u a l   to  the   o u t s i d e   w i d t h   P8  of  t h e  

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

100  and  r o t o r   101  d i m e n s i o n s   i s   s u c h   t h a t   Wl  =  W2  =  W4 

=  P3  =  P4  =  P8.  T h i s   c o n f i g u r a t i o n ,   w h e r e i n   s t a t o r  

p o r t   i n l e t   and  o u t l e t   o p e n i n g s   and  r o t o r   p o r t   o u t l e t  

o p e n i n g s   have   the   same  s i z e s ,   m i n i m i z e s   i n t e r f e r e n c e  

of  the   r o t o r   t a p e r   w i t h   the   f l u i d   f l o w   when  t h e  

m o d u l a t o r   i s   in  i t s  o p e n   p o s i t i o n .   T h i s   has  t h e  

a d v a n t a g e   of  r e d u c e d   wear   and  e r o s i o n   of  the   r o t o r  

l o b e s   1 0 3 .  

To  i m p r o v e   t he   a c o u s t i c   s i g n a l ,   r o t o r  

t h i c k n e s s   can   be  r e d u c e d   by  m i l l i n g   the   top   of  t h e  

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

the   t o p s   of  the   r o t o r   l o b e s   103  and  the   b a s e s   of  t h e  

s t a t o r   l o b e s   102.   To  a s s u r e   s t a b l e   open  p e r f o r m a n c e ,  



a  r e g i o n   104  of  i n c r e a s e d   t a p e r   i s   p r o v i d e d   by  c u t s  
made  on  an  i n s i d e   p a r t   ( a d j a c e n t   the   r o t o r   hub  105)  o f  
t he   u p s t r e a m   e d g e s   of  the   s i d e s   of  the   l o b e s   1 0 3 .  

T h e s e   p a r t i a l   c u t s   104  a s s i s t   the   t a p e r e d   s i d e s   t o  
e s t a b l i s h   t he   f l u i d   d y n a m i c   f o r c e s   t h a t   p r o v i d e   t h e  

s t a b l e   open  c h a r a c t e r i s t i c   of  t he   m o d u l a t o r   3 2 .  

F i g .   9  shows  a  m o d i f i c a t i o n   of  the   p a r t i a l  

c u t   c o n s t r u c t i o n   of  t he   r o t o r   101  of  F i g .   8.  T h e  

r o t o r   106  of  F i g .   9  d i f f e r s   f rom  the   r o t o r   101  of  F i g .  
8  in  t h a t   t he   o u t s i d e   w i d t h s   W2,  W4  and  P4,  P8  a r e  

no t   e q u a l .   The  s i d e s   of  e a c h   r o t o r   l o b e   107  e a c h   h a v e  

a  p o s i t i v e   t a p e r   of  a p p r o x i m a t e l y   12°  and  each   l o b e  

107  i s   p r o v i d e d   w i t h   p a r t i a l   c u t s   108  of  i n c r e a s e d  

t a p e r   s i m i l a r   to  the   c u t s   104  of  r o t o r   1 0 1 .  

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

e m b o d i m e n t s   can   be  made  to  p r o v i d e   a  m o d u l a t o r   t h a t  

n o t   o n l y   e x h i b i t s   the   d e s i r a b l e   s t a b l e   o p e n  

c h a r a c t e r i s t i c ,   bu t   w i l l   a l s o   e x h i b i t   a  f l u i d   f l o w  

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

the   r o t o r   and  t he   s t a t o r .   Such  a  m o d i f i c a t i o n   i s  

i l l u s t r a t e d   in  F i g s .   10a  and  10b  in  wh ich   a  m o d u l a t o r  

32  c o m p r i s e s   a  s t a t o r   110  and  a  r o t o r   l13  m o u n t e d  

w i t h i n   a  h o u s i n g   42.  The  s t a t o r   110  i s   l i k e   t h e  

s i x - l o b e d   s t a t o r   40  p r e v i o u s l y   d e s c r i b e d .   The  s i d e s  

of  i t s   l o b e s   111  a r e   u n t a p e r e d   and  a r e   g e n e r a l l y  

r a d i a l   w i t h   r e s p e c t   to  t he   s t a t o r   hub  a x i s .   The  s i d e s  

of  t he   l o b e s   111  of  t he   r o t o r   113,   h o w e v e r ,   a l t h o u g h  

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

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

l e a d i n g   and  t r a i l i n g   u n t a p e r e d   r e g i o n s   115,  116  w h i c h  

a r e   p a r a l l e l   to  the   s i d e s   of  the   s t a t o r   l o b e s   111  ( s e e  

u n w r a p p e d   v iew  of  F i g .   lOb . )   The  o u t e r   w i d t h   W3  ( F i g .  

6)  of  the   top   of  the   r o t o r   l o b e   114  t h a t   a b u t s   t h e  



l e a d i n g   u n t a p e r e d   r e g i o n   115  i s   l e s s   t h a n   the   o u t e r  
w i d t h   W2  of  t he   b a s e   of  t he   s t a t o r -  l o b e   111 ,   t h u s   p r o -  
v i d i n g   u n d e r l a p .   The  o u t e r   w i d t h   W4  of  t he   b a s e   of  t h e  

r o t o r   l o b e   l14  t h a t   a b u t s   t he   t r a i l i n g   u n t a p e r e d   r e -  

g i o n   116  i s   a p p r o x i m a t e l y   t he   same  as  the   o u t e r   w i d t h  

W3  of  t he   t o p .   The  t r a i l i n g   u n t a p e r e d   r e g i o n   116  o f  

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

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

114.   The  e d g e s   b e t w e e n   t he   r o t o r   l o b e   t op   and  t h e  

l e a d i n g   r e g i o n s   115  of  t he   r o t o r   l o b e   s i d e s   a r e   p r e f e r -  

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

b r i s   l o d g e d   in  t he   gap  b e t w e e n   the   s t a t o r   and  t h e  

r o t o r .  

The  c o n f i g u r a t i o n   of  F i g s .   10a  and  1 0 b  

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

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

s e p a r a t i o n   t h a t   a c t   on  the   r o t o r   113  to  u r g e   t h e  

m o d u l a t o r   i n t o   a  s t a b l e   open   p o s i t i o n .   H o w e v e r ,   t h e  

r e s t o r i n g   f o r c e s   in  the   a z i m u t h a l   d i r e c t i o n   a r e   p r o -  
p o r t i o n a l   to  t he   a n g u l a r   d i s p l a c e m e n t ,   w i t h   t he   r e s u l t  

t h a t   a  p e r i o d i c   m o t i o n   in  the   n a t u r e   of  a e r o d y n a m i c  

f l u t t e r   i s   s e t   up  when  the   r o t o r   i s   no t   d r i v e n   by  t h e  

s h a f t .   The  a m p l i t u d e   and  f r e q u e n c y   of  the   f l u t t e r  

d e p e n d   on  the   f l u i d   f l o w   r a t e ,   the   m o d u l a t o r   c o n f i g -  

u r a t i o n   and  the   s h a f t   i n e r t i a .   T h i s   f l u t t e r   c a u s e s  

the   r o t o r   l o b e s   114  to  o s c i l l a t e   b e t w e e n   p a r t i a l l y  

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

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

f l u t t e r   r a t e .   S i n c e   f l u t t e r   r a t e   i s   a  f u n c t i o n   o f  

f l o w   r a t e ,   t he   m o d u l a t o r   c o n s t r u c t i o n   of  F i g s .   10a  a n d  

lOb  can  be  e m p l o y e d   f o r   f l o w   r a t e   m o n i t o r i n g ,   w i t h   t h e  

f r e q u e n c y   of  the   g e n e r a t e d   s i g n a l   b e i n g   m o n i t o r e d   in  a  

known  way,  such   as  by  c o n v e n t i o n a l   f r e q u e n c y   a n a l y z i n g  

c i r c u i t r y   i n c o r p o r a t e d   i n t o   t he   s i g n a l   d e t e c t o r   36  

( F i g .   1 ) .  



W h i l e   p a r t i c u l a r   e m b o d i m e n t s   of  the   p r e s e n t  
i n v e n t i o n   have   been   shown  and  d e s c r i b e d   by  way  o f  

e x a m p l e ,   i t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  t h e  
a r t   to  wh ich   the   i n v e n t i o n   r e l a t e s   t h a t   f u r t h e r  

c h a n g e s   and  m o d i f i c a t i o n s   may  be  made  w i t h o u t  

d e p a r t i n g   f rom  the   i n v e n t i o n   and  i t s   b r o a d e r   a s p e c t s  

and ,   t h e r e f o r e ,   the   aim  in  the   a p p e n d e d   c l a i m s   is   t o  

c o v e r   a l l   such   c h a n g e s   and  m o d i f i c a t i o n s   as  f a l l  

w i t h i n   the   s p i r i t   and  s c o p e   of  t h i s   i n v e n t i o n .  



1.  A  p r e s s u r e   p u l s e   g e n e r a t o r   of  t he   t y p e   u sed   f o r  

c o m m u n i c a t i n g   i n f o r m a t i o n   b e t w e e n   p o i n t s   of  a  w e l l b o r e   by  w a y  
of  f l u i d   f l o w i n g   in  a  t u b i n g   s t r i n g ,   c o m p r i s i n g :  

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

so  t h a t   f l u i d   f l o w i n g   in  t he   s t r i n g   w i l l   a t   l e a s t   p a r t i a l l y  
f low  t h r o u g h   the   h o u s i n g ;  

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

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

a d j a c e n t   to  t he   s t a t o r ;   t he   s t a t o r   and  r o t o r   e a c h   h a v i n g   a  

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

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

r o t a t i o n   of  t he   r o t o r   r e l a t i v e   to  t h e   s t a t o r   w i l l   s h i f t  

a l i g n m e n t   of  t he   r e s p e c t i v e   s t a t o r   and  r o t o r   p o r t s   f rom  a  

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

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

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

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

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

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

t he   r o t o r   g e n e r a l l y   i n t o   an  o r i e n t a t i o n   in  w h i c h   the   p o r t s  

p r o v i d e   the   g r e a t e s t   f l u i d   p a s s a g e w a y .  

2.  A p p a r a t u s   as  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   f o r c e   e s t a b l i s h i n g   means   c o m p r i s e s   r e l a t i v e   l o c a t i o n   o f  

t he   s t a t o r   and  r o t o r ,   and  s a i d   s t a t o r   and  r o t o r   l o b e s   a r e  

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

the   f l o w   of  f l u i d   to  p r o v i d e   t he   f o r c e s .  

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

t h a t   the   s t a t o r   and  r o t o r   l o b e s   have   s i d e s ,   the   r o t o r   i s  

p o s i t i o n e d   d o w n s t r e a m   of  t he   s t a t o r ,   t he   r o t o r   l o b e   s i d e s   a r e  

o u t w a r d l y   t a p e r e d   in  t he   d o w n s t r e a m   d i r e c t i o n ,   and  the   r o t o r  

l o b e s   a r e   u n d e r l a p p e d   r e l a t i v e   to  t he   s t a t o r   l o b e s .  



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

the   r o t o r   l o b e   s i d e s   a r e   t a p e r e d   a t   an  a n g l e   of  8°  to  3 0 ° .  

5.  A p p a r a t u s   as  in  C l a i m   1,  2,  3,  or  4 ,  

c h a r a c t e r i z e d   in  t h a t   the   number   of  s t a t o r   l o b e s   is   t he   s a m e  

as  the   number   of  r o t o r   l o b e s .  

6 .   A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  5 ,  

c h a r a c t e r i z e d   in  t h a t   the   s i z e s   of  the   s t a t o r   and  r o t o r   l o b e s  

a re   g e n e r a l l y   the   same  as  the   s i z e s   of  the   r e s p e c t i v e  

i n t e r v e n i n g   s t a t o r   and  r o t o r   p a r t s .  

7.  A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  6 ,  

c h a r a c t e r i z e d   in  t h a t   b o t h   s t a t o r   and  r o t o r   l o b e s   h a v e  

u p s t r e a m   s u r f a c e   t o p s   and  d o w n s t r e a m   s u r f a c e   b a s e s   a n d  

w h e r e i n   t he   a r e a s   of  t he   t o p s   of  the   r o t o r   l o b e s   a r e   l e s s  

t h a n   the   a r e a s   of  the   b a s e s   of  t he   c o r r e s p o n d i n g   s t a t o r   l o b e s .  

8.  A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  7 ,  
c h a r a c t e r i z e d   in  t h a t   the   o u t e r   w i d t h s   of  the   t o p s   of  t h e  

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

9.  A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  7 ,  
c h a r a c t e r i z e d   in  t h a t   t he   o u t e r   w i d t h s   of  t he   t o p s   of  t h e  

r o t o r   l o b e s   a r e   the   same  as  t he   o u t e r   w i d t h s   of  t he   b a s e s   o f  

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

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

r o t o r   l o b e s   c o n v e r g e   t o w a r d   the   hub  a t   a  g r e a t e r   a n g l e   o f  

c o n v e r g e n c e   t h a n   e d g e s   of  t he   s t a t o r   l o b e s   f o r m e d   by  t h e  

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

10.  A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  9 ,  

c h a r a c t e r i z e d   in  t h a t   the   r o t o r   l o b e s   have   u p s t r e a m   s u r f a c e  

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

a t   t he   e d g e s   f o r m e d   by  the   a b u t m e n t   of  t he   s i d e s   w i t h   t h e  

t o p s .  



11.  A p p a r a t u s   as  in  a n y  o n e   of  C l a i m s   1  to  1 0 ,  

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

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

to  o s c i l l a t e   w i t h   a  m o t i o n   in  t he   n a t u r e   of  a e r o d y n a m i c  

f l u t t e r   when  t he   r o t o r   i s   b i a s e d   i n t o   t he   o r i e n t a t i o n   i n  

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

12.  A p p a r a t u s   as  in  C l a i m   11,  c h a r a c t e r i z e d   in  t h a t  

the   a d d i t i o n a l   f o r c e   e s t a b l i s h i n g   means   c o m p r i s e s  

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

g e o m e t r y   d i r e c t s   the   f l o w   of  f l u i d   to  p r o v i d e   t he   a d d i t i o n a l  

f o r c e s .  

13.  A p p a r a t u s   as  in  C l a i m   12,  c h a r a c t e r i z e d   in  t h a t  

t he   r o t o r   l o b e s   have   d o w n s t r e a m   b a s e s   and  w h e r e i n   t h e  

a d d i t i o n a l   f o r c e   e s t a b l i s h i n g   means   c o m p r i s e s   t he   r o t o r   l o b e  

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

e d g e s   f o r m e d   by  t h e   a b u t m e n t   of  t he   s i d e s   w i t h   the   b a s e s .  

14.  A p p a r a t u s   as  in  C l a i m   13,  c h a r a c t e r i z e d   in  t h a t  

the   r o t o r   l o b e s   have  u p s t r e a m   t o p s   and  w h e r e i n   t he   r o t o r   l o b e  

s i d e s   have   l e a d i n g   u n t a p e r e d   r e g i o n s   a t   t he   e d g e s   f o r m e d   by  

the   a b u t m e n t   of  t he   s i d e s   w i t h   t he   t o p s .  
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