
1191 

Europaisches  Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 
©  Publication  number: 0  0 9 6   4 0 8  

A 2  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83105548.8 

©  Date  of  filing:  06.06.83 

©IntCI.3:  F  15  B  15 /10  
F  02  M  3 /06  

@  Priority:  04.06.82  JP  94985/82  ©  Applicant:  HITACHI,  LTD. 
04.06.82  JP  94986/82  6,  Kanda  Surugadai  4-chome  Chiyoda-ku 

Tokyo(JP) 

@  Date  of  publication  of  application:  ©Applicant:  Hitachi  Automotive  Engineering  Co.,  Ltd. 
21.12.83  Bulletin  8151  3085-5,  Higashiishikawa-Saikouji 

Katsuta-shi(JP) 
®  Designated  Contracting  States: 

CH  DE  FR  6B  IT  U  NL  SE  @  Inventor:  Ho,Tomoo 
20-14,  Higashioshima-3-chome 
Katsuta-shKJP) 

©  Inventor:  Kamrfuji,  Hiroshi 
2785-28,  Tsuda 
Katsuta-shi(JP) 

©  Inventor:  Kobayashi,  Haruhiko 
1531-2,  Godai,  Nakamachi 
Naka-gun  Ibaraki-ken(JP) 

©  Inventor:  ttakufa,  Tomiya 
3337-239,  Nakane 
Katsuta-shKJP) 

©  Representative:  PatentanwSlte  Beetzsen.  -  Beetz  jun. 
Timpe  -Siegfried  -  Schmitt-Fumian 
Steinsdorfstrasse  10 
D-8000Munchen22(DE) 

Fl  6.  1 

00 
9  

8  
o  

Q. 
Ill 

©  Pressure  servomotor  and  throttle  valve  opening  controller  making  use  of  pressure  servomotor  apparatus. 

A  pressure  servomotor  has  a  driving  diaphragm  for 
driving  an  operation  shaft  connected  to  a  load.  The  position 
of  the  driving  diaphragm  is  determined  by  a  control  position 
determining  means  which  in  turn  operates  a  response  to  a 
control  signal.  When  the  driving  diaphragm  has  been 
deflected  to  the  control  position  determined  by  the  control 
position  determining  means,  the  driving  pressure  applied  to 
the  driving  diaphragm  is  weakened  and,  when  the  driving 
diaphragm  is  moved  apart  from  the  control  position,  the 
driving  pressure  applied  to  the  driving  diaphragm  is  in- 
creased.  In  consequence,  the  driving  diaphragm  is  set  at  the 
control  position  determined  by  said  control  position  deter- 
mining  means. 



BACKGROUND  OF  THE  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   a  p r e s s u r e  

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

t i o n   c o n t r o l ,   as  w e l l   as  to  a  t h r o t t l e   v a l v e   o p e n i n g  

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

v o m o t o r .  

U n i t e d   S t a t e s   P a t e n t   S p e c i f i c a t i o n   N o .  

3 , 3 8 1 , 7 7 1   d i s c l o s e s   a  t y p i c a l   c o n v e n t i o n a l   s e r v o m o t o r ,  

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

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

and  a  c o v e r   so  t h a t   t h e   d i a p h r a g m   is   d e f l e c t e d   by  t h e  

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

t i o n   s h a f t   f i x e d   to  t h e   d i a p h r a g m .   N a m e l y ,   t h e   p o s i t i o n  

c o n t r o l   is   e f f e c t e d   by  a  b a l a n c e   b e t w e e n   t h e   l o a d   c o n -  

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

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

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

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

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

c o n t r o l   is  f a i l e d   when  t h e r e   is  a  d i f f e r e n c e   in  t h e  

l e v e l   of  l o a d   b e t w e e n   f o r w a r d   and  b a c k w a r d   s t r o k e s   o f  

t h e   d i a p h r a g m .   Such  d i f f e r e n c e   is   e x p e r i e n c e d ,   f o r  

e x a m p l e ,   in  t he   o p e r a t i o n   of  a  t h r o t t l e   v a l v e   s h a f t   i n  

c a r b u r e t o r s   f o r   a u t o m o t i v e   e n g i n e s .   N a m e l y ,   t h e r e   is  a  



l a r g e   d i f f e r e n c e   of  t o r q u e   b e t w e e n   the   o p e n i n g   r o t a t i o n  

and  c l o s i n g   r o t a t i o n   of  t h e   t h r o t t l e   v a l v e   s h a f t .  

T h e r e f o r e ,   when  t h e   n e g a t i v e   p r e s s u r e   a c t u a t e d   t y p e   s e r -  

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

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

to   t he   s t r o k e   of  t h e   d i a p h r a g m .   N a m e l y ,   a  c u r v e   r e p r e -  

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

and  t h e   s t r o k e   shows   a  l a r g e   h y s t e r e s i s .   T h u s ,   t h i s  

t y p e   of  s e r v o m o t o r   s u f f e r s   f rom  a  s e r i o u s   d r a w b a c k   o f  

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

e a s i l y   p r o v i d e   a  l a r g e   d r i v i n g   p o w e r .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t he   i n v e n t i o n  

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

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

l e v e l   i s   c h a n g e d .  

To  t h i s  e n d ,   a c c o r d i n g   to   t h e   i n v e n t i o n ,   t h e r e  

is   p r o v i d e d   a  p r e s s u r e   s e r v o m o t o r   c o m p r i s i n g :   a  d r i v i n g  

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

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

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

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

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

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

m i n i n g   t h e   p o s i t i o n   of  t h e   o p e r a t i o n   s h a f t ;   and  a  

p r e s s u r e   r e g u l a t i n g   means   a d a p t e d   to  w e a k e n   t he   p r e s s u r e  



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

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

d i a p h r a g m   when  t h e   d r i v i n g   d i a p h r a g m   is   d e f l e c t e d   to  a  

p o s i t i o n   d e t e r m i n e d   by  t he   c o n t r o l   p o s i t i o n   d e t e r m i n i n g  

m e a n s .  

T h e s e   and  o t h e r   o b j e c t s ,   f e a t u r e s   and  a d -  

v a n t a g e s   of  t he   i n v e n t i o n   w i l l   become  c l e a r   f rom  t h e  

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  s c h e m a t i c   s e c t i o n a l   v i ew   of  a  

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

a n c e   w i t h   t h e   i n v e n t i o n ;  

F i g .   2  i s   a  s c h e m a t i c   s e c t i o n a l   v iew  o f  a  

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

F i g .   3  i s   a  s e c t i o n a l   v iew  of  a  m o d i f i c a t i o n  

of  t he   v a l v e   d e v i c e ;  

F i g .   4  i s   a  s c h e m a t i c   s e c t i o n a l   v i ew   of  a  

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

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

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

i n v e n t i o n ;  

F i g .   6  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a  

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



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

e n g i n e ;  

F i g .   7  i s   a  p a r t i a l   s e c t i o n a l   v i ew  of  a  f i f t h  

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

t h e   i n v e n t i o n ;  

F i g .   8  is   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a  

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

i n v e n t i o n ;   a n d  

F i g .   9  shows   a  m o d i f i c a t i o n   of  t h e   v a l v e   p o r -  

t i o n   as  shown  in  F i g .   7 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

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

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   w i l l   be  e x p l a i n e d  

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

F i g .   1  s c h e m a t i c a l l y   shows   in  s e c t i o n   a  n e g a -  

t i v e   p r e s s u r e   a c t u a t e d   t y p e   s e r v o m o t o r   w h i c h   i s   an  e m -  

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

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

a  d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  d e f i n e d   by  a  

d r i v i n g   d i a p h r a g m   10  and  a  c o v e r   11,   i n t o   w h i c h   d r i v i n g  

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

p r e s s u r e   i n t r o d u c t i o n   p i p e   13  p r o v i d e d   on  t h e   c o v e r   1 1 .  

The  d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  a c c o m o d a t e s   a  

c o m p r e s s i o n   s p r i n g   14  w h i c h   a c t s   b e t w e e n   t h e   i n n e r   s u r -  

f a c e s   of  t he   d r i v i n g   d i a p h r a g m   10  and  t h e   c o v e r   11.  A 

f r a m e   16  is   s e c u r e d   to  t h e   o u t e r   s u r f a c e   of  the   d r i v i n g  



d i a p h r a g m   10.  An  o p e r a t i o n   s h a f t   15  is   c o n n e c t e d   a t   i t s  

one   end  to   t he   f r a m e   16  and  a t   i t s   o t h e r   end  to   t he   l o a d  

to   be  a c t u a t e d .   The  f r a m e   16  is  m o v a b l e   r e c i p r o c a t i n g l y  

as  a  u n i t   w i t h   t he   d i a p h r a g m   10.  In  o p e r a t i o n ,   as  n e g a -  

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

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

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

t h e r e b y   to   r e c i p r o c a t i n g l y   move  t he   f r a m e   16  a n d ,   h e n c e ,  

t h e   o p e r a t i o n   s h a f t   1 5 .  

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

p a s s a g e   17  i s   f o r m e d   a t   t h e   c e n t e r   of  t h e   d r i v i n g  

d i a p h r a g m   10  to   p r o v i d e   a  c o m m u n i c a t i o n   b e t w e e n   t h e  

d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  and  t h e   a t m o s p h e r e .  

The  l e a k   p a s s a g e   17  i s   a d a p t e d   to  be  o p e n e d   and  c l o s e d  

by  a  s i g n a l   d i a p h r a g m   m e c h a n i s m   s e r v i n g   as  means   f o r  

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

m e c h a n i s m   i n c o r p o r a t e s   a  s i g n a l   d i a p h r a g m   18  o p p o s i n g   t o  

t h e   d r i v i n g   d i a p h r a g m   10.  The  s i g n a l   d i a p h r a g m   18  

c o o p e r a t e s   w i t h   a  c o v e r   19  to   d e f i n e   a  s i g n a l   n e g a t i v e  

p r e s s u r e   c h a m b e r   20  t h e r e b e t w e e n .   The  c o v e r   19  of  t h e  

s i g n a l   d i a p h r a g m   m e c h a n i s m   is   i n t e g r a l l y   f i x e d   to   t h e  

c o v e r   11  of  t he   d r i v i n g   d i a p h r a g m   m e c h a n i s m .   The  s i g n a l  

d i a p h r a g m   18  is   a d a p t e d   to   be  a c t u a t e d   by  a  s i g n a l   n e g a -  

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

p r e s s u r e   i n t r o d u c t i o n   p i p e   21  p r o v i d e d   on  t h e   c o v e r   1 9 .  

The  s i g n a l   n e g a t i v e   p r e s s u r e   c h a m b e r   20  a c c o m o d a t e s   a  

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



of  t h e   s i g n a l   d i a p h r a g m   18  and  a  c o v e r   19  so  t h a t   t h e  

p o s i t i o n   of   t he   s i g n a l   d i a p h r a g m   18  is   s e t   by  t h e  

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

s p r i n g   22  and  the   f o r c e   p r o d u c e d   by  t h e   s i g n a l   n e g a t i v e  

p r e s s u r e .  

The  s i g n a l   d i a p h r a g m   18  o p p o s i n g   t o   t h e  

d r i v i n g   d i a p h r a g m   10  is   p r o v i d e d   w i t h   a  p r e s s u r e   r e g u -  

l a t i n g   m e a n s   c o n s t i t u t e d   by  a  v a l v e   body  23  o p p o s i n g   t o  

t h e   l e a k   p a s s a g e   17  and  a d a p t e d   to  open   and  c l o s e   t h e  

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

d i a p h r a g m   1 8 .  

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

t h e   d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  i s   m a i n t a i n e d  

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

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

15.  At  t h e   same  t i m e ,   a  n e g a t i v e   p r e s s u r e   of  a  l e v e l  

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

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

n e g a t i v e   p r e s s u r e   c h a m b e r   20.  A  l o a d   to   be  c o n t r o l l e d  

is  i m p o s e d   on  the   o p e r a t i o n   s h a f t   1 5 .  

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

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

e x p l a i n e d   h e r e i n u n d e r .  

N a m e l y ,   t h e   s e r v o m o t o r   o p e r a t e s   in   t h e  

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

to  a  c h a n g e   in  t he   l o a d   or   to   a  c h a n g e   in  t h e   s i g n a l  

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



(1)  As  t h e   l o a d   is   i n c r e a s e d ,   t h e   d r i v i n g  

d i a p h r a g m   10  i s   moved  to  t h e   r i g h t   as  v i e w e d   in  F i g .   1 ,  

so  t h a t   t h e   l e a k   p a s s a g e   17  and  t h e   v a l v e   body  23  a r e  

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

t he   d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  to  r a i s e   a  

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

d r i v i n g   c h a m b e r   12.  C o n s e q u e n t l y ,   t h e   d r i v i n g   d i a p h r a g m  

'10  is   p u l l e d   to   t he   l e f t   as  v i e w e d   in  F i g .   1  a g a i n s t   t h e  

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

p o s i t i o n .  

(2)  To  t h e   c o n t r a r y ,   as  t h e   l o a d   i s   d e c r e a s e d ,   t h e  

d r i v i n g   d i a p h r a g m   10  i s   moved  to   t h e   l e f t   as  v i e w e d   i n  

F i g .   1,  so  t h a t   t h e   l e a k   p a s s a g e   17  and  t h e   v a l v e   b o d y  

23  a r e   s p a c e d   away  f rom  e a c h   o t h e r   to   i n c r e a s e   an  a m o u n t  

of  a i r   i n t o   t h e   d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  t o  

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

C o n s e q u e n t l y ,   t h e   d r i v i n g   d i a p h r a g m   10  is   f o r c e d   back   t o  

t h e   r i g h t   as  v i e w e d   in  t he   d r a w i n g   by  t h e   f o r c e   e x e r t e d  

by  the   c o m p r e s s i o n   s p r i n g   1 4 .  

(3)  S u b s e q u e n t l y ,   as  t h e   l e v e l   of  t h e   s i g n a l   n e g a -  

t i v e   p r e s s u r e   i s   l o w e r e d ,   t h e   s i g n a l   d i a p h r a g m   18  i s  

moved  to   t h e   l e f t   as  v i e w e d   in  F i g .   1,  so  t h a t   t he   l e a k  

p a s s a g e   17  and  the   v a l v e   member   23  come  n e a r   to  e a c h  

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

d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  ot   i n c r e a s e   t h e  

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

d r i v i n g   d i a p h r a g m   10  is  moved  to  t h e   l e f t   as  v i e w e d   i n  



F i g .   1,  a g a i n s t   t he   f o r c e   of  the   c o m p r e s s i o n   s p r i n g   1 4 .  

(4)  On  t h e   o t h e r   h a n d ,   as  t he   s i g n a l   n e g a t i v e  

p r e s s u r e   is   i n c r e a s e d ,   t he   s i g n a l   d i a p h r a g m   18  i s   m o v e d  

to   the   r i g h t   as  v i e w e d   in  F i g .   1  to  p u l l   a p a r t   t h e   l e a k  

p a s s a g e   17  and  t h e   v a l v e   member   23  t h e r e b y   to   d e c r e a s e  

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

c h a m b e r   12.  C o n s e q u e n t l y ,   t h e   d r i v i n g   d i a p h r a g m   10  i s  

moved  to   t he   r i g h t   as  v i e w e d   in  F i g .   1  by  t h e   f o r c e   o f  

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

p o s i t i o n .  

T h u s ,   in  t h e   d e s c r i b e d   e m b o d i m e n t   of  t h e  

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

d i a p h r a g m   10  i s   moved  in  t h e   d i r e c t i o n   f o r   n e g a t i n g  

d i s t u r b a n c e   or   n o i s e   i f   any .   T h e r e f o r e ,   t h e   d r i v i n g  

d i a p h r a g m   10  i s   a l w a y s   h e l d   a t   t he   p r e d e t e r m i n e d   p o s i -  

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

to   f o l l o w   up  t h e   m o v e m e n t   of  t he   s i g n a l   d i a p h r a g m   1 8 .  

I t   i s ,   t h e r e f o r e ;   p o s s i b l e   to   move  t h e   o b j e c t   e x a c t l y   t o  

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

in  t he   l o a d ,   by  a  s u i t a b l e   c o n t r o l   of   t h e   s i g n a l   n e g a -  

t i v e   p r e s s u r e .  

F i g .   2  shows  a  s e c o n d   e m b o d i m e n t   of  t h e   i n v e n -  

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

n e g a t i v e   p r e s s u r e   c h a m b e r   12  and  t h e   c o v e r   11  is  u s e d   i n  

p l a c e   of  t he   o p e r a t i o n   s h a f t   15  and  t he   f r a m e   16  u sed   i n  

t h e   f i r s t   e m b o d i m e n t ,   so  as  to   p r o d u c e   a  t h r u s t   f o r c e   a s  

t h e   d r i v i n g   p o w e r .   To  t h i s   end ,   a  s e a l   25  i s   p r o v i d e d  



b e t w e e n   t h e   c o v e r   11  and  t h e   p u s h   rod   24  and  a  b e a r i n g  

26  is  u s e d   to   h o l d   the   p o r t i o n   of  t h e   p u s h   rod  24 

e x t e n d i n g   o u t w a r d l y   of  t he   c o v e r   11.  T h i s   e m b o d i m e n t   i s  

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

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

b e c a u s e   t h e   d r i v i n g   power   i s   d e r i v e d   as  a  t h r u s t   f o r c e .  

In   t h e   f i r s t   and  s e c o n d   e m b o d i m e n t s   d e s c r i b e d  

h e r e i n b e f o r e ,   t h e r e   is   a  p o s s i b i l i t y   t h a t   a  s t a b l e  

p a r a l l e l   r e l a t i o n s h i p   can  n o t   be  e s t a b l i s h e d   b e t w e e n   t h e  

a x i s   of  t h e   l e a k   p a s s a g e   17  and  t h e   a x i s   of  t h e   v a l v e  

member   23  f o r   o p e n i g   and  c l o s i n g   t h e   l a t t e r .   To  a v o i d  

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

27  to  t h e   d r i v i n g   d i a p h r a g m   10  and  to   h o l d   t h e   n e e d l e  

v a l v e   27  in  c o n t a c t   w i t h   t he   v a l v e   body   23  so  t h a t   t h e  

l e a k   p a s s a g e   17  i s   o p e n e d   and  c l o s e d   by  t h e   n e e d l e   v a l v e  

2 7 .  

F i g .   4  shows  a  n e g a t i v e   p r e s s u r e   a c t u a t e d   t y p e  

s e r v o m o t o r   as  a  t h i r d   e m b o d i m e n t   of  t h e   i n v e n t i o n   i n  

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

o u t e r   s u r f a c e   of  t he   c o v e r   11  of  t h e   d r i v i n g   d i a p h r a g m  

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

t h e   d r i v i n g   d i a p h r a g m   10.  A  p u s h   rod   28  a t t a c h e d   to   t h e  

s i g n a l   d i a p h r a g m   18  is  m o v a b l e   t h r o u g h   t h e   c o v e r   11  i n t o  

c o n t a c t   w i t h   t h e   v a l v e   body  23.  The  v a l v e   d e v i c e   i s  

p r o v i d e d   w i t h   a  v a l v e   s p r i n g   29  w h i c h   b i a s e s   t he   v a l v e  

body  23  so  as  to   n o r m a l l y   c l o s e   t h e   l e a k   p a s s a g e   1 7 .  

T h i s   e m b o d i m e n t   is   a d a n t a g e o u s   in  t h a t   t h e   s i g n a l  



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

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

F i g .   5  shows  a  f o u r t h   e m b o d i m e n t   of  t he   i n v e n -  

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

t h i r d   e m b o d i m e n t   is  a t t a c h e d   to   t h e   s i g n a l   d i a p h r a g m   18  

and  t h e   o p e r a t i o n   s h a f t   15  a t t a c h e d   to   t h e   d r i v i n g  

d i a p h r a g m   10  s e r v e s   a l s o   as  a  rod   f o r   o p e n i n g   a n d  

c l o s i n g   t h e   v a l v e   body  23  of  t h e   v a l v e   d e v i c e .   To  t h i s  

e n d ,   a  v a l v e   m o u n t i n g   s l e e v e   30  e x t e n d i n g   t h r o u g h   t h e  

c o v e r   11  of   t he   d r i v i n g   d i a p h r a g m   m e c h a n i s m   is   s e c u r e d  

to   t h e   s i g n a l   d i a p h r a g m   18,  and  a  v e n t   h o l e   31  f o r   c o m -  

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

m o u n t i n g   s l e e v e   30.  T h i s   e m b o d i m e n t   o f f e r s   an  a d v a n t a g e  

in  p r e v e n t i o n   of  c o n t a m i n a t i o n   by  f o r e i g n   m a t t e r s   i n t r o -  

d u c e d   f r o m   t h e   o u t s i d e .  

F i g .   6  shows  a  n e g a t i v e   p r e s s u r e   a c t u a t e d   s e r -  

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

s y s t e m   f o r   c o n t r o l l i n g   a  t h r o t t l e   v a l v e   34  of  an  i n t e r -  

n a l   c o m b u s t i o n   e n g i n e .   In  t h i s   s y s t e m ,   t h e   i n t a k e   n e g a -  

t i v e   p r e s s u r e   a v a i l a b l e   in  t h e   i n t a k e   p i p e   35  is   u t i -  

l i z e d   as  t h e   d r i v i n g   n e g a t i v e   p r e s s u r e .   On  t h e   o t h e r  

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

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

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

c o n s t a n t   p r e s s u r e   v a l v e   32  f r o m   t h e   i n t a k e   v a l v e .   I n  

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

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



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

In  t he   e m b o d i m e n t s   d e s c r i b e d   h e r e i n b e f o r e ,   a  

s i g n a l   d i a p h r a g m   m e c h a n i s m   is   u s e d   as  the   means   f o r  

d e t e r m i n i n g   the   c o n t r o l   p o s i t i o n .   T h i s ,   h o w e v e r ,   is   n o t  

e x c l u s i v e   and  the   same  a d v a n t a g e   i s   o b t a i n e d   when  o t h e r  

t y p e   of  a c t u a t o r ,   s u c h   as  a  p u l s e   m o t o r ,   D.C.  m o t o r   o r  

t h e   l i k e   is   u sed   in  p l a c e   of   t h e   s i g n a l   d i a p h r a g m  

m e c h a n i s m .  

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

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

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

t h e   a t m o s p h e r e .   An  e x p l a n a t i o n   w i l l   be  made  h r e i n u n d e r  

as  to   a n o t h e r   e m b o d i m e n t   in  w h i c h   t h e   d r i v i n g   n e g a t i v e  

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

g e n e r a t e d   by  t he   d r i v i n g   d i a p h r a g m .  

R e f e r r i n g   to  F i g .   7,  a  f i f t h   e m b o d i m e n t   of  t h e  

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

a  d r i v i n g   d i a p h r a g m   10,  c o v e r   11,   c o m p r e s s i o n   s p r i n g  

14 ,   d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12,  o p e r a t i o n  

s h a f t   15,   l e a k   p a s s a g e   17,  v a l v e   body  23  and  a  v a l v e  

s p r i n g   a l l   of  w h i c h   a r e   i d e n t i c a l   to   t h o s e   shown  in   F i g .  

4.  A  r e f e r e n c e   n u m e r a l   36  d e s i g n a t e s   a  h o u s i n g   of  a  

p u l s e   m o t o r   37  w h i c h   is  f i x e d   to   t h e   r e a r   s i d e   of  t h e  

c o v e r   11 ,   w h i l e   n u m e r a l s   38  and  39  d e s i g n a t e   f e e d   c o i l s  

of  a  p u l s e   m o t o r   37.  B a l l   b e a r i n g s   40  and  41  a r e  

m o u n t e d   on  t h e   h o u s i n g   36  and  r o t a t a b l y   c a r r i e s   a  s h a f t  

42  c a r r y i n g   a  p e r m a n e n t   m a g n e t   43.  A  rod  44  i s  



t h r e a d e d l y   e n g a g e d   by  t h e   s h a f t   43.  A  rod   g u i d e   45  as  a  

p a r t   of  the   h o u s i n g   36  f i t s   in  a  b o r e   f o r m e d   in  t h e   r o d  

44  so  as  to   p e r m i t   t h e   l a t t e r   to   move  in  t h e   a x i a l  

d i r e c t i o n   bu t   no t   to   r o t a t e .   T h u s ,   w i t h   t h e   a r r a n g e -  

m e n t ,   t he   rod  44  is   moved  in  t h e   a x i a l   d i r e c t i o n   as  t h e  

s h a f t   42  is   r o t a t e d .   A  r e f e r e n c e   n u m e r a l   46  d e s i g n a t e s  

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

t i v e   p r e s s u r e ,   w h i l e   n u m e r a l   47  d e n o t e s   a  p a s s a g e   f o r  

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

t i v e   p r e s s u r e   c h a m b e r   12.   A  r e f e r e n c e   n u m e r a l   48  d e n o -  

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

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

a t m o s p h e r e .  

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

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

a p p l i e d   to   t he   n e g a t i v e   p r e s s u r e   p i p e   46,   so  t h a t   t h e  

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

c h a m b e r   12  i s - i n c r e a s e d   to   d e f l e c t   t h e   d i a p h r a g m   10  t o  

t h e   l e f t .   In  c o n s e q u e n c e ,   t h e   d i a p h r a g m   10  i s   moved  t o  

t h e   l e f t   so  t h a t   t h e   v a l v e   body  23  comes  i n t o   c o n t a c t  

w i t h   t h e   o p e n i n g   in  t h e   r o d   44  to   c u t   o f f   t he   n e g a t i v e  

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

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

s m a l l   a m o u n t   of  a i r   c o m i n g   t h r o u g h   the   l e a k   o r i f i c e   4 8 .  

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

t i v e   p r e s s u r e   c h a m b e r   12  in  t u r n   c a u s e s   t he   d i a p h r a g m   10  

to  be  moved  to   t he   r i g h t   by  t he   f o r c e   of  t he   c o m p r e s s i o n  



s p r i n g   14  so  t h a t   t h e   v a l v e   body  23  is   moved  away  f r o m  

t h e   o p e n i n g   of  t he   rod   44  to  r a i s e   a g a i n   t he   l e v e l   o f  

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

c h a m b e r   12.  As  t h i s   o p e r a t i o n   is   r e p e a t e d ,   t h e  

d i a p h r a g m   10  r e m a i n s   in  t he   c l o s e   p r o x i m i t y   of  t h e  

o p e n i n g   in  t h e   rod   44.  The  same  o p e r a t i o n   i s   made  a l s o  

in  r e s p o n s e   to   an  i n c r e a s e   or  d e c r e a s e   of  t h e   l o a d  

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

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

n e g a t i v e   p r e s s u r e   p i p e   46,  a l t h o u g h   t h e   d i s t a n c e   b e t w e e n  

t h e   v a l v e   body   23  and  t he   rod   44  i s   c h a n g e d   s l i g h t l y .  

As  t h e   p u l s e   m o t o r   37  i s   o p e r a t e d   in  a c c o r d a n c e   w i t h   a  

c o n t r o l   s i g n a l ,   t he   rod  44  i s   moved  to   t h e   l e f t   a n d  

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

v a l v e   member   23  and  t he   o p e n i n g   of  t h e   rod   44,   so  t h a t  

t h e   p o s i t i o n   of  t h e   d i a p h r a g m   10  is  c h a n g e d   as  i f   t h e  

v a l v e   body  23  f o l l o w s   up  the   o p e n i n g   of  t h e   rod   44,  d u e  

to   t h e   p r i n c i p l e   as  e x p l a i n e d   h e r e i n b e f o r e .   As  w i l l   b e  

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

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

o b j e c t   w i t h o u t   b e i n g   i n f l u e n c e d   by  t u r b u l e n c e   or   n o i s e  

s u c h   as  a  c h a n g e   in  t he   l o a d .   N e e d l e s s   to   s a y ,   a  p u l s e  

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

o p e r a t e   in  t h i s   e m b o d i m e n t .  

F i g .   8  shows  a  s i x t h   e m b o d i m e n t   of  t h e   i n v e n -  

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

shown  in  F i g .   7  e x c e p t   t h a t   a  n e g a t i v e   p r e s s u r e   t y p e  



a c t u a t o r   h a v i n g   a  d i a p h r a g m   49  and  a  c o n t r o l   n e g a t i v e  

p r e s s u r e   c h a m b e r   50  i s   u s e d   in  p l a c e   of  t h e   p u l s e   m o t o r  

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

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

d i a p h r a g m   10  i s   r e v e r s e d   and  t h a t   t h e   a c t u a t i n g   p o w e r  i s  

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

As  the   s i g n a l   d i a p h r a g m   49  s i m i l a r   to   t h a t   in  F i g .   4  i s  

moved  to   t h e   l e f t ,   i t   p u s h e s   t h e   rod  end  52  of   t h e  

n e e d l e   v a l v e   51  so  t h a t   a  v a l v e   s e a t   o r i f i c e   53  and  a  

n e e d l e   v a l v e   51  a r e   moved  a p a r t   f rom  e a c h   o t h e r   to   p e r -  

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

t h e   d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12  t h r o u g h   t h e  

n e g a t i v e   p r e s s u r e   p i p e   46.  As  a  r e s u l t ,   t h e   d i a p h r a g m  

10  a l s o   i s   moved  to  t h e   l e f t .  

In  t h i s   s t a t e ,   t h e   n e e d l e   v a l v e   51  is  h e l d   i n  

c o n t a c t   w i t h   t he   v a l v e   s e a t   o r i f i c e   53  so  t h a t   t he   n e g a -  

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

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

t h r o u g h   t he   l e a k   o r i f i c e   48.   In  c o n s e q u e n c e ,   t he   v a l v e  

s e a t   o r i f i c e   53  is  moved  away  f r o m   the   n e e d l e   v a l v e   51  

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

d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   12.  T h i s   o p e r a t i o n  

i s   r e p e a t e d   to   h o l d   t h e   d i a p h r a g m   10  a t   t h e   p r e d e t e r -  

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

In  t h e   e m b o d i m e n t   shown  in  F i g .   7,  t he   r e d u c -  

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

t i v e   p r e s s u r e   c h a m b e r   12  i s   c a u s e d   by  t h e   a i r   f l o w i n g  



o n l y   t h r o u g h   the   l e a k   o r i f i c e   48.  A  h i g h e r   r e s p o n s e  

s p e e d   of  t h e   a c t u a t o r ,   h o w e v e r ,   can  be  o b t a i n e d   by  p r o -  

v i d i n g   t h e   d r i v i n g   d i a p h r a g m   10  w i t h   a  s e c o n d   l e a k   o r i -  

f i c e   54  to  i n c r e a s e   t he   r a t e   of  d r o p   of  t he   n e g a t i v e  

p r e s s u r e   in  t h e   n e g a t i v e   p r e s s u r e   c h a m b e r   12  as  in  t h e  

m o d i f i c a t i o n   shown  in  F i g .   9 .  

A l t h o u g h   t he   i n v e n t i o n   has   b e e n   d e s c r i b e d  

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

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

c h a n g e s   and  m o d i f i c a t i o n s   may  be  i m p a r t e d   t h e r e t o  

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

i s   l i m i t e d   s o l e l y   by  t h e   a p p e n d e d   c l a i m s .  



1.  A  p r e s s u r e   s e r v o m o t o r   c o m p r i s i n g :  

(a)  a  d r i v i n g   d i a p h r a g m   f o r   d r i v i n g   an  o p e r a t i o n  

s h a f t ;  

(b)  a  d r i v i n g   p r e s s u r e   c h a m b e r   d e f i n e d   by  s a i d  

d r i v i n g   d i a p h r a g m   and  a  c o v e r ;  

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

p r e s s u r e   is   c o n n e c t e d   to   a  p r e s s u r e   s o u r c e   so  t h a t   a  

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

p r e s s u r e   c h a m b e r ;  

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

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

(e)  a  p r e s s u r e   r e g u l a t i n g   means   a d a p t e d   to   w e a k e n  

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

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

means  and  s a i d   d r i v i n g   d i a p h r a g m   when  s a i d   d r i v i n g  

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

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

2.  A  n e g a t i v e   p r e s s u r e   s e r v o m o t o r   c o m p r i s i n g :  

(a)  a  d r i v i n g   d i a p h r a g m   f o r   d r i v i n g   an  o p e r a t i o n  

s h a f t ;  

(b)  a  d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   d e f i n e d   b y  

s a i d   d r i v i n g   d i a p h r a g m   and  a  c o v e r ;  

(c)  a  n e g a t i v e   p r e s s u r e   p a s s a g e   t h r o u g h   w h i c h   a  

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

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

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



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

d e t e r m i n i n g   t he   p o s i t i o n   of  s a i d   o p e r a t i o n   s h a f t ;   a n d  

(e)   a  p r e s s u r e   r e g u l a t i n g   means   a d a p t e d   to  i n t r o -  

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

p r e s s u r e   c h a m b e r   by  the   o p e r a t i o n   of  s a i d   c o n t r o l   p o s i -  

t i o n   d e t e r m i n i n g   means   when  s a i d   d r i v i n g   d i a p h r a g m   i s  

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

t i o n   d e t e r m i n i n g   m e a n s .  

3.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   t o   c l a i m   2 ,  

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

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

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

t a k e   a  p o s i t i o n   d e t e r m i n e d   by  t h e   l e v e l   of   s a i d   c o n t r o l  

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

4.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   t o   c l a i m   3 ,  

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

body   a d a p t e d   to  open   and  c l o s e   a  l e a k   p o r t   f o r m e d   i n  

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

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

a t m o s p h e r e ,   and  a  rod   f i x e d   to  s a i d   d i a p h r a g m   t y p e   p o s i -  

t i o n   d e t e r m i n i n g   means   f o r   mov ing   s a i d   v a l v e   body  t o  

o p e n   and  c l o s e   s a i d   l e a k   p o r t .  

5.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   3 ,  

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

body   a d a p t e d   to  open   and  c l o s e   a  l e a k   p o r t   f o r m e d   in  s a i d  

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

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



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

d r i v i n g   d i a p h r a g m   f o r   m o v i n g   s a i d   v a l v e   body  to   open   a n d  

c l o s e   s a i d   l e a k   p o r t .  

6.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   3 ,  

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

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

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

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

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

o p e n i n g   and  c l o s i n g   s a i d   l e a k   p o r t .  

7.  A  n e g a t i v e   p r e s s u r e   s e r v o m o t o r   c o m p r i s i n g :  

(a)   a  d r i v i n g   d i a p h r a g m   f o r   d r i v i n g   an  o p e r a t i o n  

s h a f t ;  

(b)  a  d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   d e f i n e d   b y  

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

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

(c)   a  n e g a t i v e   p r e s s u r e   p a s s a g e   t h r o u g h   w h i c h   a  

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

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

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

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

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

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

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

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

s a i d   c o n t r o l   p o s i t i o n   d e t e r m i n i n g   means   when  s a i d  

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



by  s a i d   c o n t r o l   p o s i t i o n   d e t e r m i n i n g   m e a n s .  

8.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   7 ,  

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

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

o p e r a t e d   by  a  c o n t r o l   e l e c t r i c   s i g n a l   and  to   be  h e l d   a t  

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

s i g n a l .  

9.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   8 ,  

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

a d a p t e d   to   be  a c t u a t e d   by  s a i d   e l e c t r i c   p o s i t i o n   d e t e r -  

m i n i n g   means   and  h a v i n g   s a i d   n e g a t i v e   p r e s s u r e   p a s s a g e  

f o r m e d   t h e r e i n ,   and  a  v a l v e   b o d y   p r o v i d e d   on  s a i d  

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

n e g a t i v e   p r e s s u r e   p a s s a g e .  

10.  A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   7 ,  

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

d i a p h r a g m   t y p e   p o s i t i o n   d e t e r m i n i n g   means   a d a p t e d   to   b e  

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

t a k e   a  p o s i t i o n   d e t e r m i n e d   by  t h e   l e v e l   of  s a i d   c o n t r o l  

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

l l .   A  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   1 0 ,  

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

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

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

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

a  v a l v e   body   a d a p t e d   to   be  a c t u a t e d   by  s a i d   d i a p h r a g m  

t y p e   p o s i t i o n   d e t e r m i n i n g   means   so  as  to  open   and  c l o s e  



s a i d   v a l v e   s e a t   o r i f i c e .  

12.  A  t h r o t t l e   v a l v e   o p e n i n g   c o n t r o l   means   m a k i n g  

use   of  a  p r e s s u r e   s e r v o m o t o r   c o m p r i s i n g :  

(a)  A  t h r o t t l e   v a l v e   d i s p o s e d   in  an  i n t a k e   p i p e ;  

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

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

d r i v e   s a i d   t h r o t t l e   v a l v e ;  

(c)  a  d r i v i n g   n e g a t i v e   p r e s s u r e   c h a m b e r   d e f i n e d   b y  

s a i d   d r i v i n g   d i a p h r a g m   and  a  c o v e r ;  

(d)  a  n e g a t i v e   p r e s s u r e   p a s s a g e   p r o v i d i n g   a  c o m -  

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

c h a m b e r   and  a  p o r t i o n   of  s a i d   i n t a k e   p i p e   d o w n s t r e a m  

f rom  s a i d   t h r o t t l e   v a l v e   so  as  to  i n t r o d u c e   a  d r i v i n g  

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

c h a m b e r ;  

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

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

( f )   a  p r e s s u r e   r e g u l a t i n g   means   a d a p t e d   to   w e a k e n  

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

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

d e t e r m i n i n g   means   and  s a i d   d r i v i n g   d i a p h r a g m   when  s a i d  

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

mined   by  s a i d   c o n t r o l   p o s i t i o n   d e t e r m i n i n g   m e a n s .  

13.  A  t h r o t t l e   v a l v e   o p e n i n g   c o n t r o l   d e v i c e   m a k i n g  

use   of  a  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   1 2 ,  

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

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



p r e s s u r e   in  s a i d   i n t a k e   p i p e   i n t o   a  c o n s t a n t   p r e s s u r e ,   a  

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

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

t y p e   p o s i t i o n   d e t e r m i n i n g   means   a d a p t e d   to   t a k e   a  p o s i -  

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

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

of  a  p r e s s u r e   s e r v o m o t o r   a c c o r d i n g   to   c l a i m   13,  w h e r e i n  

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

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

p r e s s u r e   c h a m b e r   and  t h e   a t m o s p h e r e ,   and  a  v a l v e   b o d y  

a d a p t e d   to   be  o p e r a t e d   by  s a i d   d i a p h r a g m   t y p e   p o s i t i o n  

d e t e r m i n i n g   means   so  as  to   open   and  c l o s e   s a i d   l e a k  

p o r t .  
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