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©  Electromagnetic-pneumatic  current  to  pressure  transducer. 
The  present  invention  entails  a  current  to  pressure  (I/P) 

transducer for  converting  andelectric  signal to  a  proportional 
pressure  signal  over  a  given  span.  Essentially  the  I/P 
transducer  comprises  a  housing  having  a  membrane  with 
magnetic  and  metal  properties  extending  across  and  over  a 
seat  area.  An  air  supply  inlet  is  provided  within  said  housing 
as  well  as  a  pneumatic  output  port.  Typically,  at  least  a 
portion  of  the  inlet  air  supply  is  directed  between  the  seat 
and  membrane  and  out  the  output  port.  The  pressure  of the 
fluid  passing  from  the  output  port  becomes  the  produced 
proportional  pressure  signal  of  the  I/P  transducer. 

Wire  windings  are  disposed  within  the  housing  about  a 
core,  and  two  poles  of  opposite  polarity  are  disposed  on 
opposite  sides  of  the  membrane.  An  input  current  signal 
directed  through  the  wire  windings  results  in  a  magnetic 
force  acting  on  the  magnetic  membrane  and  effectively 
loading  the  membrane.  The  resulting  magnetic  force  acting 
on  the  membrane  directly  affects  the  pressure  of  the 
pneumatic  output  signal  since  the  loading  of  the  membrane 
acts  to  restrict  flow  between  the  seat  and  membrane.  By 
appropriately  adjusting  the  I/P  transducer  and  particularly 
the  fluid  flow  therethrough,  the  output  fluid  pressure  signal 
is  maintained  proportional to  an  input  current  signal  directed 
through  the  wire  windings. 



FIELD OF  INVENTION 

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  i n s t r u m e n t a -  

t i o n   and  to   c u r r e n t   to   p r e s s u r e   t r a n s d u c e r s   f o r   c o n -  

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

p r e s s u r e   s i g n a l .   More   p a r t i c u l a r l y ,   t h e   p r e s e n t   i n -  

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

p r e s s u r e   t r a n s d u c e r   t h a t   u t i l i z e s   an  i n p u t   c u r r e n t   s i g n a l  

to   g e n e r a t e   a  m a g n e t i c   e l e c t r i c   f i e l d   t h a t   a c t s   on  a  

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

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

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

f o r   a  g i v e n   s p a n .  

BACKGROUND  OF  THE  INVENTION 

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

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

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

s t r e a m .   F l u i d   a c t u a t o r s   a r e   v e r y   e f f e c t i v e ,   r e l i a b l e ,  

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

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

e l e c t r i c   m o t o r .  

B e c a u s e   of  b a s i c   a d v a n c e m e n t s   made  i n  

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

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

can  be  a d a p t e d   to  c o n t r o l   s y s t e m s ,   one  o f t e n   f i n d s   t h a t  

t h e   c o n t r o l   s i g n a l   to   t h e   a c t u a t o r   i s   in  t h e   fo rm  o f  



a  c u r r e n t   s i g n a l .   In  o r d e r   to   a c c o m m o d a t e   f l u i d   a c t u a -  

t o r s   in   s u c h   c o n t r o l   s y s t e m s ,   t h e   i n s t r u m e n t a t i o n   i n -  .  

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

r e f e r r e d   t o   as  I / P   t r a n s d u c e r s .   W h i l e - I / P   t r a n s d u c e r s  

of  t h e   p r i o r   a r t   h a v e  m e t   w i t h   s u c c e s s   and  a r e  

p r e s e n t l y   u s e d   in   many   c o n t r o l   s y s t e m s ,   t h e y   n e v e r t h e -  

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

V i r t u a l l y   w i t h o u t   e x c e p t i o n ,   I / P   t r a n s d u c e r s  

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

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

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

p a r t s   w i t h i n   an  I / P   t r a n s d u c e r   a r e   m a n y .  

F i r s t ,   m o v i n g   p a r t s   i n v a r i a b l y   make   c o n -  

v e n t i o n a l   I / P   t r a n s d u c e r s   s u s c e p t i b l e   to   h y s t e r e s i s   a n d  

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

p e a t a b i l i t y .   P o o r   r e p e a t a b i l i t y   m e a n s   l e s s   a c c u r a c y  

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

c o n t r o l   of   t h e   s y s t e m .  

S e c o n d l y ,   r e s p o n s e   of   I / P   t r a n s d u c e r s  

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

g r e a t l y   a f f e c t e d   by  v i b r a t i o n ,   s h o c k ,   and  c h a n g e   i n  

o r i e n t a t i o n   or   a t t i t u d e .   B e c a u s e   t h e   e l e m e n t s   of   t h e  

I / P   t r a n s d u c e r   t h a t   p r o d u c e s   t h e   o u t p u t   p r e s s u r e   s i g n a l  

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

a t t i t u d e   or   o r i e n t a t i o n   w i l l   r e s u l t   in   t h e s e   e l e m e n t s  

m o v i n g .   C o n s e q u e n t l y ,   t h e   r e s p o n s e   in   s i t u a t i o n s   i n -  

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

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

is  t h a t   t h e   I / P   t r a n s d u c e r   d o e s   n o t   a c c u r a t e l y   a n d  



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

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

f i n a l   c o n t r o l .  ,  

B e s i d e s   t h e   p r o b l e m s   a s s o c i a t e d   w i t h   t h e  

m o v i n g   p a r t s ,   m o s t   c o n v e n t i o n a l   I / P   t r a n s d u c e r s  

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

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

c o n v e n t i o n a l   I / P   t r a n s d u c e r s .   Ove r   a  p e r i o d   of   t i m e ,  

t h e   p e r m a n e n t   m a g n e t   or   m a g n e t s   e x p e r i e n c e   a  d e g r a d a t i o n  

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

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

F u r t h e r ,   m o s t   c o n v e n t i o n a l   I / P   t r a n s d u c e r s  

r e q u i r e   some  t y p e   of   d a m p e n i n g   m e d i u m .   In  t h i s  

r e g a r d ,   some  c o n v e n t i o n a l   I / P   t r a n s d u c e r s ,   f o r   e x a m p l e ,  

r e q u i r e   o i l   as  t h e   d a m p e n i n g   m e d i u m .   T h i s   o b v i o u s l y  

r e q u i r e s   t h e   I / P   t r a n s d u c e r   to   r e q u i r e   m a i n t e n a n c e   a n d  

s e r v i c e .  

F i n a l l y ,   I / P   t r a n s d u c e r s   of   t h e   p r i o r   a r t   a r e  

b i g ,   b u l k y   and  o f t e n   r e l a t i v e l y   e x p e n s i v e .   The  s i z e   a n d  

mass   of  t h e   I / P   t r a n s d u c e r   i s   an  i m p o r t a n t   c o n s i d e r a t i o n  

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

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



SUMMARY  AND  OBJECTS  OF  THE 
PRESENT  INVENTION 

The  p r e s e n t   i n v e n t i o n   e n t a i l s   a  c o m p a c t ,  

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

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

a d v a n t a g e s   of   I / P   t r a n s d u c e r s   of   t h e   p r i o r   a r t .  

More  p a r t i c u l a r l y ,   t h e   I / P   t r a n s d u c e r   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   d e s i g n e d   to   r e c e i v e   an  i n p u t  

a i r   s u p p l y   and  to   e f f e c t i v e l y   p r o d u c e   an  o u t p u t   a i r  

f l o w .   I t   i s   t h e   p r e s s u r e   of   t h e   o u t p u t   a i r   f l o w   t h a t  

s e r v e s   as  t h e   o u t p u t   p r e s s u r e   s i g n a l   of   t h e   I / P   t r a n s -  

d u c e r .  

E f f e c t i v e l y ,   t h e   I / P   t r a n s d u c e r   of   t h e  

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

r e n t   s i g n a l ,   p r e f e r a b l y   f r o m   f o u r   to   t w e n t y   mA  ( m i l l i -  

a m p s ) .   T h i s   c u r r e n t   s i g n a l   i s   d i r e c t e d   to   w i r e   w i n d i n g s  

w i t h i n   t h e   I / P   t r a n s d u c e r .   The  d i r e c t i o n   of   t h e   c u r -  

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

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

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

t r a n s d u c e r .   The  m a g n e t i c   m e m b r a n e   in  t u r n  i s   d e s i g n e d  

w i t h i n   t h e   I / P   t r a n s d u c e r   to   r e s p o n d   so  as  to   v a r y   t h e  

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

f o r   a  g i v e n   s p a n ,   t h e   I / P   t r a n s d u c e r   p r o d u c e s   an  o u t p u t  

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

c u r r e n t   s i g n a l .  

I t   i s ,   t h e r e f o r e ,   an  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   to   p r o v i d e   an  I / P   t r a n s d u c e r   t h a t   is   c o m p a c t  

and  r e l a t i v e l y   i n e x p e n s i v e .  

A  f u r t h e r   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  



r e s i d e s   in  t h e   p r o v i s i o n   o f   an  I / P   t r a n s d u c e r   t h a t  h a s  

v i r t u a l l y   n o  m o v i n g   p a r t s .  

S t i l l  a   f u r t h e r   o b j e c t   o f   t h e  p r e s e n t   i n -  

v e n t i o n   r e s i d e s   in   t h e   p r o v i s i o n   of   an  I / P   t r a n s d u c e r  

t h a t   i s   i n s e n s i t i v e   t o   v i b r a t i o n ,   s h o c k ,   o r i e n t a t i o n  

and  a t t i t u d e .  

A n o t h e r   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   r e -  

s i d e s   in  t h e   p r o v i s i o n   o f   an  I / P   t r a n s d u c e r   t h a t   i s  

a c c u r a t e   and  p r e c i s e   and   w h i c h   i s   r e p e a t a b l e .  

I t   i s   a l s o   an  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   to   p r o v i d e   an  I / P   t r a n s d u c e r   t h a t   o v e r c o m e s  

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

in  c u r r e n t   to   p r e s s u r e   t r a n s d u c e r s   of   t h e   p r i o r   a r t .  

S t i l l   a  f u r t h e r   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   r e s i d e s   in  t h e   p r o v i s i o n   of   an  I / P   t r a n s d u c e r  

t h a t   i s   r e l a t i v e l y   s i m p l e   and  e a s y   t o   i n s t a l l   and  m a i n -  

t a i n .  

A  f u r t h e r   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  

r e s i d e s   in  t h e   p r o v i s i o n   of   an  I / P   t r a n s d u c e r   w h e r e i n  

an  i n p u t   c u r r e n t   s i g n a l   i s   u t i l i z e d   to   g e n e r a t e   a  

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

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

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

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

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

A n o t h e r   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  

r e s i d e s   in  t he   p r o v i s i o n   of   an  I / P   t r a n s d u c e r   of   t h e  

c h a r a c t e r   r e f e r r e d   to   a b o v e   t h a t   u t i l i z e s   an  i n p u t  

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



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

s y s t e m   of   a i r   to  p r o d u c e   an  o u t p u t   p r e s s u r e   t h a t   i s  

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

I t   i s   a l s o   an  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  

to   p r o v i d e   an  I / P   t r a n s d u c e r   o f   t h e   c h a r a c t e r   r e f e r r e d  

to  a b o v e   t h a t   h a s   a  r e l a t i v e l y   q u i c k   r e s p o n s e   t i m e .  

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

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

p o l a r i t y .  

I t   i s   a l s o   an  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  

to  p r o v i d e   an  I / P   t r a n s d u c e r   t h a t   i s   i n h e r e n t l y   s t a b l e ,  

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

t i m e .  

A n o t h e r   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   r e -  

s i d e s   in   t h e   p r o v i s i o n   o f   an  I / P   t r a n s d u c e r   t h a t   h a s  

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

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

s i g n a l   p r o p o r t i o n a l   to   an  i n p u t   c u r r e n t   s i g n a l .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h e   p r e s e n t  

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  t r a n s v e r s e   s e c t i o n a l   v i e w   o f  

t h e   b a s i c   I / P   t r a n s d u c e r   m o d u l e   of  t h e   p r e s e n t   i n -  

v e n t i o n .  



F i g u r e   2  i s   a  s c h e m a t i c   i l l u s t r a t i o n   o f  

an  I / P   t r a n s d u c e r   d e s i g n   i n c o r p o r a t i o n g   a  p n e u m a t i c  

a m p l i f i e r   a l o n g ' w i t h   a  s p a n   a d j u s t m e n t   c i r c u i t .  

I / P   TRANSDUCER 

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

e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   of   t h e   p r e -  

s e n t   i n v e n t i o n   i s   shown  t h e r e i n   and  i n d i c a t e d   g e n -  

e r a l l y   by  t h e   n u m e r a l   10 .   V i e w i n g   I / P   t r a n s d u c e r   1 0  

in  more   d e t a i l ,   t h e   same  i s   p r o v i d e d   in  t h e   f o r m   o f  

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

i n c l u d e s   a  f i r s t   or   b o t t o m   s e c t i o n   12  and  a  t o p   o r  

s e c o n d   s e c t i o n   14.   The  h o u s i n g   f o r m e d   by  f i r s t   a n d  

s e c o n d   s e c t i o n s   12  and  14  i s   g e n e r a l l y   c y l i n d r i c a l .  

V i e w i n g   b o t t o m   s e c t i o n   12,   i t   i s   s e e n   t h a t  

t h e   same  i n c l u d e s   an  a n n u l a r   s i d e   w a l l   12a  and   a  

c e n t r a l   p o s t   12b  e x t e n d i n g   u p w a r d l y   a b o u t   t h e   c e n t e r  

t h e r e o f .   F o r m e d   a b o u t   t h e   t o p   o f   c e n t e r   p o s t   1 2 b  

is   a  v a l v e   s e a t   1 2 c .   A n n u l a r   w a l l   12a  and  c e n t e r   p o s t  

12b  f o r m   w h a t   i s   r e f e r r e d   t o   h e r e i n   as  an  E  c o r e .   T h e  

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

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

C o n t i n u i n g   to   r e f e r   to   t h e   f i r s t   or   b o t t o m  

s e c t i o n   12,   i t   i s   s e e n   t h a t   t h e   same  i s   p r o v i d e d   w i t h   a  

s u p p l y   i n l e t   16  t h a t   i n c l u d e s   an  o p e n i n g   t h a t   e x t e n d s  

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

c o m p l e t e l y   up  and  t h r o u g h   c e n t r a l   p o s t   12b .   C o m -  

m u n i c a t i v e l y   c o n n e c t e d   to   t h e   s u p p l y   i n l e t   16  i s   a n  

o u t p u t   p o r t   18  t h a t   i s   o p e r a t i v e   to   d i r e c t   p o r t i o n s   o f  



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

In  a d d i t i o n ,   t h e r e - i s   p r o v i d e d   a  low  p o r t   2 0  

f o r m e d   in   t h e   a n n u l a r   w a l l   12a  t h a t   a l l o w s   s u p p l y   a i r  

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

As  s e e n   in   t h e   d r a w i n g s ,   h e l d   b e t w e e n   t h e   f i r s t  

and  s e c o n d   t r a n s d u c e r   s e c t i o n s   12  and  14  i s   a  m e m b r a n e  

22.  M e m b r a n e   22  i n c l u d e s  m a g n e t i c   and  m e t a l l i c   p r o -  

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

m a t e r i a l   known  as  m o l y b d e n u m   s t a i n l e s s   s t e e l .  

F o r m e d   in  t h e   t o p   14  o f   t h e   I / P   t r a n s d u c e r   i s  

a  z e r o - a d j u s t   p o r t   2 4 .  

W r a p p e d   a r o u n d   t h e   c e n t e r   of   t h e   f o r m e d   E  c o r e  

i s   a  w i r e   w i n d i n g   t h a t   i s   r e f e r r e d   to   by  t h e   n u m e r a l   2 6 .  

In  t h e   c a s e   o f   t h e   p r e s e n t   I / P   t r a n s d u c e r   10  t h a t   i s  

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

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

w i n d i n g s   26  w o u l d   i n c l u d e   a p p r o x i m a t e l y   4000  t u r n s   o f  

n u m b e r   32  g a u g e   w i r e .   I t   i s   a p p r e c i a t e d   t h a t   t h e   w i r e  

w i n d i n g s   26  w o u l d   e x t e n d   t h r o u g h   t h e   a n n u l a r   w a l l   1 2 a  

of  t h e   I / P   t r a n s d u c e r   and  w o u l d   o p e r a t i v e l y   c o n n e c t  

to   a  c u r r e n t   s i g n a l   s o u r c e .  

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

mA,  t h e   same   is   d e s i g n e d   s u c h   t h a t   t h e   v e r t i c a l   d i s -  

t a n c e   f r o m   t h e   t o p   of   v a l v e   s e a t   12c  t o   m e m b r a n e   2 2  

i s   a p p r o x i m a t e l y   0 . 0 0 7   i n c h e s .   L i k e w i s e ,   t h e   d i s -  

t a n c e   b e t w e e n   t h e   l o w e r   s u r f a c e   of   t o p   14  to  m e m b r a n e  

22  i s   a p p r o x i m a t e l y   0 . 0 0 3   i n c h e s .  

The  t o p ' o f   v a l v e   s e a t   12c  f o r m s   one  p o l e  

w h i l e   t h e   b o t t o m   s i d e   of  t o p   14  f o r m s   a n o t h e r  



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

f u r t h e s t   f r o m   m e m b r a n e   22  in   o r d e r   to   p r o v i d e   p r o p e r  

r e s p o n s e   of   t h e   m e m b r a n e   22  f o r   a  g i v e n   i n p u t   c u r r e n t  

s i g n a l .  

In  o p e r a t i o n   t h e   b a s i c   o p e r a t i o n   of   t h e   I / P  

t r a n s d u c e r   10 ,   a  s u p p l y   f l u i d ,   t y p i c a l l y   a i r   a t   p s i g  

i s   d i r e c t e d   i n t o   t h e   s u p p l y   p o r t   18 .   T h i s   s u p p l y   a i r  

i s   d i r e c t e d   i n t o   t h e   t r a n s d u c e r   10  and  up  t h r o u g h  

t h e   c e n t r a l   p o s t   12b  w h e r e   t h e   a i r   i s   d i s p e r s e d   o u t  

and  o v e r   t h e   v a l v e   s e a t   12c   and   u n d e r n e a t h   a n d  

a r o u n d   m e m b r a n e   22.   T h i s   a i r   e x i t s   t h e   I / P   t r a n s d u c e r  

t h r o u g h   low  p o r t   20.   I t   i s   a p p r e c i a t e d   t h a t   some  o f  

t h e   s u p p l y   a i r   i s   d i r e c t e d   t h r o u g h   o u t p u t   p o r t   1 8 .  

The  p r e s e n c e   o f   an  i n p u t   c u r r e n t   s i g n a l   t h r o u g h  

w i r e   w i n d i n g s   26  r e s u l t s   in   a  m a g n e t i c   f i e l d   o c c u r r i n g  

t h r o u g h o u t   t h e   I / P   t r a n s d u c e r   as   i n d i c a t e d   by  t h e  

n a g n e t i c   f l u x   l i n e s   28  in   F i g u r e   1_.  T h i s   g e n e r a t e d  

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

m e m b r a n e   22.  B e c a u s e   o f   t h e   d e s i g n   o f   t h e   I / P   t r a n s -  

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

t h e   d e s i g n   of   t h e   E  c o r e   and   i t s   c o m p o n e n t s   w i t h  

r e s p e c t   to   t o p   14 ,   t h e   r e s u l t i n g   m a g n e t i c   f o r c e   t e n d s  

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

F i g u r e   1.  T h i s   d o w n w a r d   l o a d i n g   r e s u l t s   in  a  r e -  

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

v a l v e   s e a t   12c  to   t h e   o u t e r   s i d e   a r e a s   of   t h e   v a l v e .  

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

p r e s s u r e   at   o u t p u t   p o r t   18.   In  t h e   d e s i g n   o f  



t h e   I / P   t r a n s d u c e r   10  of   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

p r e s s u r e   f o u n d   o r   s e n s e d   a t   t h e   o u t p u t   p o r t   18  i s  

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

w i r e   w i n d i n g s   26.   F o r   an  i n c r e a s e   in  t h e   c u r r e n t  

s i g n a l   d i r e c t e d   t h r o u g h   t h e   w i r e   w i n d i n g s   26 ,   t h e r e  

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

a t   o u t p u t   p o r t   18  due   t o   t h e   l o a d i n g   o f  m e m b r a n e   22  

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

T u r n i n g   to   F i g u r e   2,  t h e r e   i s   i l l u s t r a t e d  

s c h e m a t i c a l l y   t h e r e i n   an  I / P   t r a n s d u c e r   d e s i g n   u t i l i z i n g  

t h e   b a s i c   I / P   t r a n s d u c e r   m o d u l e   10  d e s c r i b e d   h e r e i n b e f o r e .  

In  F i g u r e   2,  t h e r e   i s   i l l u s t r a t e d   a  20  p s i g  

s u p p l y   l i n e   34  t h a t   f e e d s   a n y o n e   o f   a  p l u r a l i t y   o f  

i n p u t   s u p p l y   l i n e s .   In  t h i s   r e g a r d ,   s u p p l y   i n p u t   l i n e  

or  p o r t   16  i s   o p e r a t i v e   t o   d i r e c t   a  s u p p l y   f l o w   i n t o  

t h e   b a s e   o f   I / P   t r a n s d u c e r   10 .   As  a l r e a d y   d e s c r i b e d ,  

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

f r o m   l i n e   16  up  t h r o u g h   c e n t r a l   p o s t   12b  w h e r e   t h e   a i r  

i s   d i s p e r s e d   o v e r   t h e   v a l v e   s e a t   12c  and  o u t   low  p o r t   2 0 .  

In  F i g u r e   2,  t h e   i l l u s t r a t i o n   of   I / P   t r a n s -  

d u c e r   10  i s   o n l y   s c h e m a t i c a l l y .   T h e r e i n   t h e   w i r e  

w i n d i n g s   26  f o r   p u r p o s e   o f   i l l u s t r a t i o n   i s   shown  d i s -  

p o s e d   o v e r   t h e  m e m b r a n e   22.   W i r e   w i n d i n g s   26  c a n .  b e  

d i s p o s e d   on  e i t h e r   s i d e   o f   m e m b r a n e   22  i n a s m u c h   a s  

t h e   b a s i c   i n t e n t   of   l o a d i n g   m e m b r a n e   22  f o r   p r o d u c i n g  

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

t h e   w i r e   w i n d i n g s   26  d i s p o s e d   on  e i t h e r   s i d e   t h e r e o f .  

C o n t i n u i n g   to   r e f e r   to   t h e   b a s i c   o p e r a t i o n  



of  t h e   I / P   t r a n s d u c e r   d e s i g n   as  i l l u s t r a t e d   in  F i g u r e  

2,  i t   i s   a p p r e c i a t e d   t h a t   w h i l e   an  a i r   f l o w   p a s s e s  

t h r o u g h   t h e   I / P   t r a n s d u c e r   10 ,   t h a t   an  i n p u t   c u r r e n t  

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

b e i n g   d i r e c t e d   t h r o u g h   t h e   w i r e   w i n d i n g s   26.   T h i s  

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

g e n e r a t e d   a b o u t   t h e   t r a n s d u c e r   10.   R e f e r e n c e   i s   m a d e  

to  t h e   m a g n e t i c   f l u x   l i n e s   28  i l l u s t r a t e d   in   F i g u r e   1 .  

B e c a u s e  m e m b r a n e   22  has   m a g n e t i c   p r o p e r t i e s ,   t h e  

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

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

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

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

f l o w i n g   in   l i n e   1 8 .  

I t   i s   s e e n   t h a t   m a i n   s u p p l y   l i n e   34  a l s o  

f e e d s   l i n e   36  w h i c h   d i r e c t s   an  i n p u t   p r e s s u r e   s i g n a l  

to   I / P   t r a n s d u c e r   10.   In  t h e   c a s e   of   t h e   p r e s e n t  

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

to  " z e r o "   t h e   I / P   t r a n s d u c e r .   T h i s   i s   t y p i c a l l y  

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

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

w i r e  w i n d i n g s   26  and  a d j u s t i n g   t h e   i n p u t   p r e s s u r e   i n t o  

p o r t   24  s u c h   t h a t   t h e   o u t p u t   p r e s s u r e   f r o m   t h e   p n e u m a t i c  

r e l a y   32  i s   3  p s i g .  

C o n s e q u e n t l y ,   i t   i s   a p p r e c i a t e d   t h a t   t h e   o u t -  

pu t   p r e s s u r e   s i g n a l   f o u n d   in   l i n e   18  i s   p r o p o r t i o n a l  

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

w i n d i n g s   2 6 .  

O f t e n   as  a  p r a c t i c a l   m a t t e r ,   t h e   p r e s s u r e  



s i g n a l   f o u n d   in  l i n e   18  r e q u i r e s   a m p l i f i c a t . i o n   i n ,  

o r d e r   to   be  e a s i l y   and   e f f i c i e n t l y   u t i l i z e d .  

To  a c h i e v e   t h i s ,   t h e   I / P   t r a n s d u c e r   d e s i g n   i l -  

l u s t r a t e d   in  F i g u r e   2  i s   shown  w i t h   a  c o n v e n t i o n a l  

p n e u m a t i c   a m p l i f i e r ,   i n d i c a t e d   g e n e r a l l y   by  t h e   n u m e r a l  

30.   D e t a i l s   of   p n e u m a t i c   a m p l i f i e r   30  a r e   n o t   d e a l t  

w i t h   h e r e i n   in   d e t a i l   b e c a u s e   s u c h   i s   k n o w n   and   a p -  

p r e c i a t e d   in  t h e   p r i o r   a r t .   F o r   a  c o m p l e t e   and   u n i f i e d  

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

f o u n d   in   U.  S.  P a t e n t   3 , 8 4 4 , 5 2 9 ,   t h e   d i s c l o s u r e   b e i n g  

e x p r e s s l y   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   T h i s  p a t e n t  

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

m a n u f a c t u r e d   by  B r a n d t   I n d u s t r i e s ,   I n c . ,   of   T r i p l e   W 

A i r   P a r k ,   F u q u a y - V a r i n a ,   N o r t h   C a r o l i n a   2 7 5 2 6 .  

In  e f f e c t ,   t h i s   p n e u m a t i c   a m p l i f i e r   30 ,   w h i c h  

a l s o   u t i l i z e s   a  m e m b r a n e ,   a c t s   to   a m p l i f y   t h e   o u t p u t  

p r e s s u r e   s i g n a l   of   t h e   I / P   t r a n s d u c e r   m o d u l e   10 .   I n  

t h e   p r e s e n t   d e s i g n ,   a i r   f l o w   l i n e   38  s e r v e s   as   a  s u p p l y  

i n p u t   to   a m p l i f i e r   30  and   t h e   same  h a s   a  c o m m u n i c a t i v e l y  

j o i n e d   o u t p u t   40  and  a  low  p o r t   l i n e   42  t h a t   l e a d s   t o  

g r o u n d   ( a t m o s p h e r e ) .   E s s e n t i a l l y   w h a t   o c c u r s   i s   t h a t  

t h e   o u t p u t   s i g n a l   of   t h e   I / P   t r a n s d u c e r   10  f o u n d   i n  

l i n e   18  i s   d i r e c t e d   i n t o   a m p l i f i e r   30  as  an  i n p u t   p r e s -  

s u r e   s i g n a l .   A m p l i f i e r   30  a c t s   to   a m p l i f y   t h i s   i n p u t  

s i g n a l   to   an  o u t p u t   p r e s s u r e   s i g n a l   f o u n d   in  l i n e   4 0 .  

To  b o o s t   t h e   o u t p u t   p r e s s u r e   s i g n a l   i n  

l i n e   40,  a  p n e u m a t i c   r e l a y   32 ,   of   a  c o n v e n t i o n a l   t y p e ,  

i s   u t i l i z e d .   P n e u m a t i c   r e l a y   32  s i m p l y   b o o s t s   t h e  

p r e s s u r e   s i g n a l   d i r e c t e d   t h e r e t o .   ' I t   i s   u n d e r s t o o d   a n d  



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

p n e u m a t i c   r e l a y   32  i s   s t i l l   p r o p o r t i o n a l   to   t h e   i n p u t  

c u r r e n t   s i g n a l   r e c e i v e d   by  t h e   I / P   t r a n s d u c e r   m o d u l e   1 0 .  

In  o r d e r   to   a d j u s t   f o r   s p a n ,   p o r t i o n s   o f   t h e  

f l o w   b e i n g   d i r e c t e d   f r o m   t h e   p n e u m a t i c   r e l a y   32  i s  

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

a d j u s t m e n t   44  p r i o r   t o   j o i n i n g ' t h e   low  p o r t   g r o u n d   l i n e  

20  of   t h e   I / P   t r a n s d u c e r   m o d u l e   10.  By  e f f e c t i v e l y  

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

t h e   low  p o r t   l i n e   20  a n d  t o  g r o u n d   or   a t m o s p h e r e ,   o n e  

can  a d j u s t   t h e   s p a n   o f   t h e   I / P   t r a n s d u c e r   m o d u l e . F o r  

e x a m p l e ,   a f t e r   p r o p e r l y   z e r o i n g ,   t h e   i n p u t   c u r r e n t  

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

s i g n a l   s u c h   as  20  m i l l i a m p s .   W i t h   t h i s   i n p u t   c u r r e n t  

s i g n a l ,   t h e   v a r i a b l e   f l o w   r e s t r i c t o r   44  i s   a d j u s t e d  

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

p n e u m a t i c   r e l a y   32  i s   a t   a  d e s i r e d   m a g n i t u d e ,  

w h i c h   in  t h i s   c a s e   w o u l d   be  15  p s i g .   C o n -  

s e q u e n t l y ,   f o r   any  g i v e n   i n p u t   s i g n a l   f r o m   f o u r   t o   t w e n t y  

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

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

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

made  to   b o t h   f l u i d   f l o w   and   a i r .   I t   i s   a p p r e c i a t e d   t h a t  

t h e   a m p l i f i e r   v a l v e   30  and   t h e   I / P   t r a n s d u c e r   10  of   t h e  

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

f l u i d   f l o w .   As  a  p r a c t i c a l   m a t t e r ,   a i r   i s   t y p i c a l l y  

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

w e l l   be  u t i l i z e d .  



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

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

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

d e s i r e d   p r e s s u r e   o u t p u t .  

The  p r e s e n t   i n v e n t i o n ,   o f   c o u r s e ,   may  b e  

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

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

s e n t i a l   c h a r a c t e r i s t i c s   o f   t h e   i n v e n t i o n .   The  p r e s e n t  

e m b o d i m e n t s   a r e ,   t h e r e f o r e ,   to   be  c o n s i d e r e d   i n   a l l  

r e s p e c t s   as  i l l u s t r a t i v e   and   n o t   r e s t r i c t i v e ,   and   a l l  

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

of   t h e   a p p e n d e d   C l a i m s   a r e   i n t e n d e d   t o   be  e m b r a c e d  

t h e r e i n .  



1.  An  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

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

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

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

w i t h i n   s a i d   h o u s i n g   s t r u c t u r e   of   s a i d   I / P   t r a n s d u c e r ;  

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

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

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

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

f l u i d   f rom  s a i d   I / P   t r a n s d u c e r ;   and  m e a n s   f o r   d i r e c t i n g  

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

w i t h   s a i d   I / P   t r a n s d u c e r   and   u t i l i z i n g   t h e   i n p u t   c u r r e n t  

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

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

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

s i g n a l .  

2.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   of  C l a i m   1  w h e r e i n   s a i d   m e a n s   f o r   d i r e c t i n g   a n  

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

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

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

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

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

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

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

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



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

c u r r e n t   s i g n a l .  

3.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   2  w h e r e i n   s a i d   h o u s i n g   i n c l u d e s   a  n o n -  

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

w r a p p e d   t h e r e a r o u n d .  

4.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   2  w h e r e i n   s a i d   h o u s i n g   s t r u c t u r e   i n c l u d e s  

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

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

a r o u n d .  

5.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   2  w h e r e i n   s a i d   t r a n s d u c e r   i n c l u d e s   t w o  

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

s a i d   m e m b r a n e .  

6.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   5  w h e r e i n   one  p o l e   h a s   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 e   o t h e r   and  w h e r e i n   t h e   p o l e   w i t h   t h e   s m a l l e r  

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

b r a n e   t h a n   t h e   o t h e r   p o l e .  

7.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   2  w h e r e i n   t h e r e   i s   p r o v i d e d   in  a d d i t i o n  

an  a m p l i f i e r   o p e r a t i v e l y   c o n n e c t e d   t o   s a i d   I / P   t r a n s -  

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

f r o m   and   a m p l i f y i n g   t h e   s a m e .  

8.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m   7  w h e r e i n   t h e r e   i s   p r o v i d e d   a  b o o s t e r  

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

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



same  to   p r o d u c e   a  b o o s t e d   p r e s s u r e   s i g n a l .  

The  l e c t r o m a g h e t i c - p h e u m a t i c   I / P   t r a n s -  

d u c e r   o f   C l a i m . 8   i n c l u d i n g   a  f e e d - b a c k   l o o p   o p e r a t i v e  

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

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

b a c k   to   s a i d   I / P   t r a n s d u c e r   s u c h   t h a t   b y  v a r y i n g  

t he   q u a n t i t y   of   f l o w   b a c k   t o   t h e   I / P   t r a n s d u c e r ,   t h e  

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

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

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



10.  An  e l e c t r o m a g n e t i c - p n e u m a t i c   I /P   t r a n s d u c e r   f o r  

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

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

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

b o r d e r   by  s a i d   h o u s i n g   s t r u c t u r e   and  e x t e n d i n g   t h e r e a c r o s s   so  a s  

to  d e f i n e   at   l e a s t   one  c h a m b e r   a r e a   a b o u t   one  s i d e   of  s a i d  

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

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

to  s a i d   m e m b r a n e ,   and  w h e r e i n   s a i d   I / P   t r a n s d u c e r   i s   a d a p t e d   t o  

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

f l u i d   is  d i r e c t e d   i n t o   s a i d   f l u i d   i n l e t ,   b e t w e e n   s a i d   s e a t   a n d  

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

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

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

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

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

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

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

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

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

w i t h   the  f low  of   s a i d   s u p p l y   f l u i d   t h a t   is  p r o p o r t i o n a l   to   t h e  

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

11.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   o f  

C l a i m   10  w h e r e i n   s a i d   c o r e   i n c l u d e s   a  c e n t r a l   p o s t   d i s p o s e d  

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

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

12.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   o f  

C l a i m   11  w h e r e i n   s a i d   s e a t   f o r m s   a  t o p   p o r t i o n   of  s a i d   c e n t r a l  

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

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

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



13.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I /P   t r a n s d u c e r   o f  

C l a i m   10  w h e r e i n   s a i d   h o u s i n g   s t r u c t u r e   i n c l u d e s   a  s e c o n d   i n l e t  

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

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

o p p o s i t e   s a i d   c h a m b e r   fo r   z e r o i n g   or  a d j u s t i n g   s a i d   I / P   t r a n s -  

d u c e r .  

14.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   o f  

C l a i m   13  w h e r e i n  s a i d   h o u s i n g   s t r u c t u r e   i n c l u d e s   a  t o p ,   b o t t o m ,  

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

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

s i v e   m e m b r a n e   t h e r e b e t w e e n   in  a  s a n d w i c h e d   f a s h i o n .  

15.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   o f  

C l a i m   10  w h e r e i n   one  p o l e   has   a  s u r f a c e   a r e a   t h a t   i s   s m a l l e r   t h a n  

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

a r e a   is  s p a c e d   a  g r e a t e r   d i s t a n c e   f rom  s a i d   m e m b r a n e   t h a n   t h e  

o t h e r   p o l e .  

16.  The  e l e c t r o m a g n e t i c - p n e u m a t i c   I / P   t r a n s d u c e r   o f  

C l a i m   15  w h e r e i n   s a i d   s m a l l e r   p o l e   i s   d i s p o s e d   on  t h e   s i d e   o f  

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

f l u i d   is  f l o w i n g   b e t w e e n   s a i d   s e a t   and  s a i d   m e m b r a n e   and  o u t   s a i d  

f l u i d   o u t l e t .  

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

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

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

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

p r e s s u r e   of  t he   s u p p l y   f l u i d   f low  may  be  v a r i e d   by  e f f e c t i v e l y  

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

s u p p l y   f l u i d ;   d i r e c t i n g   an  i n p u t   c u r r e n t   s i g n a l   to  a  w i r e   w i n d i n g  

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



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

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

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

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

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

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

18.   The  m e t h d   of  C l a i m   17  f u r t h e r   i n c l u d i n g   t he   s t e p   o f  

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

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

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

c u r r e n t   s i g n a l .  

19.   The  m e t h o d   of  C l a i m   18  f u r t h e r   i n c l u d i n g   t he   s t e p  

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

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

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

s i g n a l .  

20.  The  m e t h o d   of  C l a i m   19  i n c l u d i n g   d i r e c t i n g   a  p o r -  

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

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

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

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

e m i t t e d   by  s a i d   p n e u m a t i c   b o o s t e r .  

21.  The  m e t h o d   of  C l a i m   17  f u r t h e r   i n c l u d i n g   d i r e c t i n g  

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

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