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©  An  electro-pneumatic  or  electro-hydraulic  converter  or  actuator. 
Disclosed  is  an  electro-pneumatic  or  electro-hydraulic 

converter  or  actuator  with  a  pneumatic  or  hydraulic  nozzle- 
flap  system  or  similar,  which  is  controlled  by  an  electric  con- 
trol  signal.  The  electric  control  signal  is  a  pulse  sequence 
signal  oscillating  at  a  constant  or  variable  frequency,  the 
duty-cycle  of which  is  varied  proportionally  to  an  input  signal. 
The  flap  or  similar  is  essentially  arranged  to  oscillate  in  the 
linear  range  of  its  characteristic  curve,  so  that  it  never  com- 
pletely  opens  or  closes  the  nozzle  or  similar,  which  feature  is 
provided  by  mechanical  stoppers  and/or  by  selecting  said 
frequency  sufficiently  high. 

The  invention  thus  provides  a  converter  or  actuator,  with 
improved  response  speed  and  linearity  and  which  shows  min- 
imal  hysteresis. 



The  p resen t   i nven t ion   r e l a t e s   to  an  e l e c t r o - p n e u m a t i c   or  e l e c t r o -  

h y d r a u l i c   conver te r   or  a c t u a t o r ,   in  which  there   is  a  pneumatic  o r  

h y d r a u l i c   n o z z l e - f l a p   system  or  s i m i l a r ,   as  for  i n s t ance   a  je t   p i p e ,  

and  which  flap  or  s imi la r   is  c o n t r o l l e d   by  an  e l e c t r i c   c o n t r o l  

s i g n a l .  

E l e c t r o - p n e u m a t i c   or  e l e c t r o - h y d r a u l i c   c o n v e r t e r s   or  a c t u a t o r s   known 

so  far  are  usual ly   based  on  the  use  of  a  coil   submerged  in  a  mag- 
ne t ic   f i e ld   (a  so  cal led  submerged  c o i l ) .   The  force  which  i s  

d i r e c t e d   to  said  coil   is,  among  other  t h i n g s ,   approx imate ly   p r o -  

p o r t i o n a l   to  the  e l e c t r i c   cur ren t   s igna l   conducted  to  the  co i l .   The 

fo l lowing   drawbacks  are  t yp i ca l   to  this   well-known  sys tem:  

A  r e l a t i v e l y   large  permanent  magnet  c i r c u i t   and  a  heavy  moving  c o i l  

system  i n ' o r d e r   to  provide  a  s u f f i c i e n t   f o r c e .  

Because  of  the  r e l a t i v e l y   large  mass,  the  resonance  frequency  i s  

r a the r   low,  which  r e s u l t s   in  a  need  of  s p e c i a l   damping  that  r educes  

the  response  speed .  

The  feedback  loop  is  short  as  it  extends  only  to  the  mechan ica l  

side  and  not  to  the  e l e c t r i c a l   input  s i g n a l ,   which  r e s u l t s   in  i n -  

accuracy  in  system  o p e r a t i o n .  

As  to  the  s t a t e   of  ar t ,   a  r e fe rence   is  made  to  the  fol lowing  p a t e n t  
l i t e r a t u r e :   DE-AS  1  295  896,  DE-OS  2  239  060  and  2  553  515, 

CH-PS  597  642,  and  US-PS  3  456  669. 

An  o b j e c t i v e   of  the  present   inven t ion   is  to  provide  such  a  c o n v e r t e r  

or  a c t u a t o r ,   in  which  the  above-mentioned  drawbacks  are  mostly  e l i -  

minated.   Another  ob j ec t ive   is  to  provide  such  a  conver te r   or 

a c t u a t o r   in  which  it  is  poss ib l e   to  s t r u c t u r a l l y   use  the  same 

primary  elements  as  in  conver t e r s   and  a c t u a t o r s   now  commonly  used .  



An  example  of  these  primary  elements  is  a  pneumatic  n o z z l e - f l a p  

d e v i c e .  

For  a t t a i n i n g   the  o b j e c t i v e s   mentioned  above  and  to  be  e x p r e s s e d  

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

the  e l e c t r i c a l   cont ro l   s igna l   is  a  pulse  sequence  o s c i l l a t i n g   at  a 

c e r t a i n   f r equence ,   cons tant   or  v a r i a b l e ,   in  which  pulse  sequence  t h e  

d u t y - c y c l e   of  the  pulse  that   changes  the  pneumatic  or  h y d r a u l i c   o u t -  

put  p r e s s u r e   is  var ied   p r o p o r t i o n a l l y   to  the  input  s igna l   and  w i t h i n  

the  cycle  co r re spond ing   to  said  f requency ,   and  that   said  f lap  or  

s i m i l a r   is  e s s e n t i a l l y   arranged  to  o s c i l l a t e   in  the  l i n e a r   range  o f  

i ts   c h a r a c t e r i s t i c   curve  so  that   said  flap  or  s i m i l a r   never  c o m p l e t e -  

ly  opens  or  c loses   the  nozzle ,   which  f e a t u r e   is  provided  by  m e c h a n i -  

cal  s toppe r s   and/or-by  s e l e c t i n g   said  bas ic   f requency  s u f f i c i e n t l y  

high.  In  some  a p p l i c a t i o n s   it  is  also  p o s s i b l e   to  use  ampli tude  modu- 

l a t i o n   of  the  pulse  that   va r i e s   the  output   p r e s s u r e .  

The  fo l lowing   p r a c t i c a l l y   important   advantages  are  a t t a i n e d   with  a 

conve r t e r   or  a c t u a t o r   in  accordance  with  the  i n v e n t i o n .  

-  the  o s c i l l a t i n g   mass  can  be  made  extremely  low;  t h e r e f o r e   t h e  

device  wi l l   not  be  s e n s i t i v e   to  v i b r a t i o n s   and  no  damping  i s  

r equ i r ed ,   which  improves  the  response  s p e e d ;  

-  the  feedback,   when  r equ i red ,   can  be  extended  to  the  e l e c t r i c  

s igna l   and  compared  with  the  input  s i g n a l ,   which  improves  the  r e -  

p e a t a b i l i t y   and  l i n e a r i t y ;  

-  requi red   u n l i u u a r i t i c s ,   e.g.   in  connec t ion   with  a  valve  a c t u a t o r ,  

can  e a s i l y   be  brought  about  by  means  of  an  e l e c t r o n i c   u n i t ;  

-  the  a c t u a t i n g   d i r e c t i o n   can  be  e a s i l y   r e v e r s e d ;  

-  the  accuracy  requi rements   when  manufac tu r ing   mechanica l   components 

are  not  as  high  as  when  manufac tu r ing   components  for  known  a n a -  

l og ica l   sys tems,   as  the  con t ro l   is  c a r r i e d   out  in  pulse  form  and  as  

the  feedback  loop,  when  r e q u i r e d ,   is  e s s e n t i a l l y   longer  than  i n  



known  a r r a n g e m e n t s ;  

-  in  o s c i l l a t i n g   elements  the  h y s t e r e s i s   evoked  by  s t a t i c   f r i c t i o n  

is  m in ima l .  

Embodiments  of  the  i nven t ion   wil l   now  be  descr ibed   in  d e t a i l ,   by 

way  of  examples  only,  with  no  i n t e n t i o n   to  r e s t r i c t   the  i n v e n t i o n  

to  these  d e t a i l s .  

Figure  1  is  an  exemplary  embodiment  of  an  e l e c t r o - p n e u m a t i c   c o n v e r t e r  

in  accordance  with  the  i n v e n t i o n .  

Figure  2  is  a  q u a l i t a t i v e   r e p r e s e n t a t i o n   of  the  c h a r a c t e r i s t i c  

curve  of  a  pneumatic  n o z z l e - f l a p   system  in  accordance  with  t h e  

i n v e n t i o n .  

Figure  3  shows  three  cont ro l   s i gna l s   of  the  primary  e l emen t .  

Figure  4  i l l u s t r a t e s   an  e l e c t r o - p n e u m a t i c   c o n v e r t e r .  

Figure  5  i l l u s t r a t e s   an  e l e c t r o - h y d r a u l i c   a c t u a t o r   of  a  h y d r a u l i c  

c y l i n d e r .  

Figure  i l l u s t r a t e s   an  e l e c t r o - p n e u m a t i c   ac tua to r   of  a  v a l v e .  

An  e l e c t r o - p n e u m a t i c   conver te r   i l l u s t r a t e d   in  Figure  1  comprises  a 

n o z z l e - f l a p   device,   e s s e n t i a l l y   known  as  such.  This  device  c o m p r i s e s  

flap  10  made  of  f l e x i b l e   m a t e r i a l   or  suppor ted   by  bear ings   at  11. 

The  n o z z l e - f l a p   device  comprises  pipe  15  with  choke  16  and,  n e a r  

flap  10,  nozzle  14.  Nozzle  pipe  15  is  connected  by  pipe  17  to  

v a r i a b l e - p r e s s u r e   tank  (p ressu re   p),  where  the  output  p ressure   Pou t  
of  the  conver te r   is  taken  from. On  the  o ther   side  of  flap  10, 

oppos i te   to  nozzle  14,  there  is  an  e l e c t r o m a g n e t i c   coil   12.  An 

e l e c t r i c   pulse  sequence  I ( τ ) ,   i l l u s t r a t e d   in  Figure  3,  o s c i l l a t i n g  

at  a  c e r t a i n   basic  f requence  f0  or  a l t e r n a t e l y   at  a  v a r i a b l e  

f requency,   and  of  an  ampli tude  I  0 as  cons tan t   as  p o s s i b l e ,   i s  

conducted  to  t e rmina l s   13  of  e l e c t r o m a g n e t i c   coi l   12.  In  a c c o r d a n c e  



with  the  i n v e n t i o n ,   and  as  shown  in  Fig.  3,  the  d u t y - c y c l e   of  t h e  

pulse  tha t   r a i s e s   and  lowers  the  pneumatic  or  h y d r a u l i c   p r e s s u r e  

p r o p o r t i o n a l l y   to  input  s igna l   Iin  is  va r ied   w i th in   bas ic   c y c l e  T o  
c o r r e s p o n d i n g   to  basic   f requence  f  .   As  i l l u s t r a t e d   in  Figure  3,  i n  

i t s   top  curve,   pulse  τ i   which  is  for  i n s t a n c e   a  pulse  for  r a i s i n g  

the  p r e s s u r e   and  whose  ampli tude  is  Io  is  very  short   compared  w i t h  

the  length   To  of  the  basic   cycle;   t h e r e f o r e   the  output   p r e s s u r e  

Pout  of  Figure .  i s   r a t he r   low.  In  the  middle  curve  the  p r e s s u r e -  

r a i s i n g   pulse  τ 2   is  approx.  0,5  x  To  and  pout  then  is  in  the  m idd l e  

area  of  i t s   dynamic  range.  In  the  bottom  curve  of  Figure  3,  t h e  

p r e s s u r e - r a i s i n g   p u l s e  T   i s   r e l a t i v e l y   long,  and  output  p r e s s u r e  

pout  i s . i n   the  top  area  of  i ts   dynamic  range.   It  has  to  be  emphas ized  

that   pu l ses   can  of  course  be  p r e s s u r e - l o w e r i n g   pu lses   as  w e l l .  

Figure  2  i l l u s t r a t e s   the  r a t i o   of  the  a d j u s t e d   p r e s s u r e   p  and  t h e  

input  p r e s s u r e   ps  as  a  func t ion   of  the  length   of  nozzle  s l i t   s  o f  

n o z z l e - f l a p   system  1 0 , 1 4 .  Δ S   i l l u s t r a t e s   the  normal  l i n e a r   o p e -  
r a t i o n   range,  on  which  the  conve r t e r s   and  a c t u a t o r s   in  a c c o r d a n c e  

with  the  i n v e n t i o n   func t ion .   Thus  nozzle  14  is  never  c o m p l e t e l y  

closed  or  opened  much  enough  to  enter   the  u n l i n e a r   bottom  s e c t i o n  

of  the  c h a r a r t e r i s t i c   curve.  In  the  f i g u r e ,   2p/ps  =  1  n a t u r a l l y  

r e p r e s e n t s   the  p o s i t i o n   in  which  flap  10  is  comple te ly   c l o s e d ,  

and  p / p   =   0  r e p r e s e n t s   the  p o s i t i o n   in  which  f lap  10  is  c o m p l e t e l y  

open.  In  a  c o n v e r t e r   in  accordance  with  the  i n v e n t i o n ,   the  p r i m a r y  

e lement ,   for  ins tance   n o z z l e - f l a p   device  10,14,  is  made  v i b r a t e ,  

for  i n s t a n c e   m a g n e t i c a l l y .   Due  to  e l e c t r i c a l   and  m e c h a n i c a l  

q u a n t i t i e s ,   such  as  r e s i s t a n c e ,   i n d u c t a n c e ,   and  the  masses  of  t h e  

moving  sp r ings   of  the  primary  element  and  the  pneumatic  or  h y d r a u l i c  

a m p l i f y i n g   unit  poss ib ly   fol lowing  i t ,   the  primary  element  will   n o t ,  

when  v i b r a t i n g ,   reach  the  extreme  p o s i t i o n s   (Figure   2).  Accord ing  

to  Figure  2,  reaching  the  extreme  p o s i t i o n s   would  not  be  p r a c t i c a l ,  

as  th is   would  impair  the  a m p l i f i c a t i o n   f a c t o r   or  the  system  l i n e a r i t y .  

In  p r a c t i c e   it  has  also  been  found  out  that   the  response   speed  of  a 

c o n v e r t e r   or  an  a c t u a t o r   in  accordance  with  the  i n v e n t i o n   w i l l ,   t o  

a  c e r t a i n   e x t e n t ,   be  increased   as  the  bas ic   f requency  fo  i n c r e a s e s .  

In  c o n t r o l   system  i l l u s t r a t e d   in  Figures   4,5,   and  6,  there   is  an 



e l e c t r o n i c   unit  20,  which  works  as  a  combined  s i g n a l / p u l s e   c o n v e r t e r  

and  as  a  d i f f e r e n c e   organ  ( Σ ) .   Because  of  fac t s   descr ibed   above ,  

pulses   leaving  the  e l e c t r o n i c   unit   20  tend  to  i n t e g r a t e   in  mecha-  

n ica l   and  pneumatic  or  h y d r a u l i c   c i r c u i t s   that   follow  unit   20.  A 

mathemat ica l   r e p r e s e n t a t i o n   of  this   phenomenon  i s :  

where  k  =  p r o p o r t i o n a l i t y   f a c t o r  

p  =   pneumatic  or  h y d r a u l i c   p r e s s u r e  

To  =  bas ic   c y c l e  

r   =  length  of  the  pulse  r a i s i n g   or  lowering  the  p u l s e  

I  =  e l e c t r i c a l   pulse  q u a n t i t y   leaving  the  e l e c t r o n i c  

unit  (e.g.   a  cons tan t   cu r r en t   of  the  m a g n e t i c  

c i r c u i t ) .  

An  e l e c t r o - p n e u m a t i c   conve r t e r   i l l u s t r a t e d   in  Figure  4  comprises  a 

pneumatic  a m p l i f i e r   relay  21,  to  which  the  pneumatic  input  p r e s s u r e  

p  is  brought .   Output  p r e s su re   pout  of  the  n o z z l e - f l a p   system  1 0 , 1 2 ,  

14  ope ra t ing   as  descr ibed   above  is  a d j u s t e d   so  to  be  p r o p o r t i o n a l  

to  input  s ignal   I  .   The  feedback  loop  of  the  system  compr i ses  

pneumatic  bellows  27  and  organ  37  which  conver t s   the  force  into  an 

e l e c t r i c a l   s i gna l .   Feedback  s ignal   I.  is  conducted  via  wire  26  to  
i n  

unit   20.  Control  s ignal   I ( τ )   i l l u s t r a t e d   in  Figure  3,  is  formed 

according  to  the  d i f f e r e n c e   s ignal   I i n - I 1 .  

Figure  5  shows  an  a c t u a t o r   of  an  e l e c t r o - h y d r a u l i c   cy l i nde r ,   in  

accordance  with  the  i nven t ion .   The  a c t u a t o r   comprises  a  h y d r a u l i c  

cy l inde r   30  that  has  p i s ton   31  and  p i s t o n   rod  32,  whose  p o s i t i o n   o r  

movement  dout  is  the  output  s i g n a l .   The  system  comprises  organ  28 

which  conver ts   the  p o s i t i o n - i n f o r m a t i o n   to  an  e l e c t r i c   s igna l .   The 

feedback  s ignal   is  conducted  from  this   organ  28  via  wire  26  to  u n i t  

20.  A  cont ro l   system  shown  in  Figure  5  also  comprises  a  jet   p i p e  

10',  o s c i l l a t i n g   in  accordance  with  the  i n v e n t i o n ,   through  whose 

nozzle  34  hydrau l i c   f lu id   is  conducted  to  pipes  33a  and  33b  merging 



in  mouthpiece   35.  Pipes  33a  and  33b  are  connected  to  oppos i t e   s i d e s  

of  p i s t o n   31  in  cy l inde r   30  so  t h a t ,   accord ing   to  the  p o s i t i o n   o f  

nozzle  34  of  the  v i b r a t i n g   je t   pipe  10 ' ,   p i s t o n   31  of  cy l i nde r   31 

moves  to  the  p o s i t i o n   co r respond ing   to  c o n t r o l   s igna l   I ( τ ) .   Th i s  

con t ro l   system  comprises  h y d r a u l i c   pump  29  and  tank  36  with  h y d r a u l i c  

f l u i d ,   whose  level   is  i n d i c a t e d   by  0 .  

Figure  6  i l l u s t r a t e s   an  e l e c t r o - p n e u m a t i c   valve  a c t u a t o r   i n  

accordance   with  the  i nven t ion ,   compris ing   a  pneumatic  a m p l i f i e r   r e l a y  

21,  whose  p r e s su re   is  conducted  to  diaphragm  motor  22  a c t u a t i n g   t h e  

cont ro l   valve  23.  The  feedback  loop  of  the  a c t u a t o r   comprises  o r g a n  

24  that  conver t s   the  p o s i t i o n   of  valve  23  into  an  e l e c t r i c a l   s i g n a l .  

T h i s   organ  24  conducts  the  feedback  s i g n a l   I1  via  wire  26  to  uni t   20. 

The  output   q u a n t i t y   of  the  system  12  for  i n s t a n c e   the  flow  Fou t  
c o n t r o l l e d   by  valve  23. 

Though,  in  Figure  3,  the  con t ro l   s igna l   is  a  cu r ren t   s igna l   I ( τ  ) ,  

it  should  be  noted  that  the  con t ro l   s i gna l   can  also  be  someth ing  

else   than  e l e c t r i c   cu r r en t .   The  same  app l i e s   to  the  set  value  s i g n a l  

or  input  s ignal   1in.  If  a  cu r ren t   s i gna l   is  used  as  the  input  s i g n a l ,  

it  should  be  wi thin   range  4 . . . 2 0   mA. 

By  using  a  s u f f i c i e n t l y   high  f r e q u e n c y  t h e   n o z z l e - f l a p   system  10 ,14  

or  s i m i l a r   can  be  made  opera te   in  the  l i n e a r   area  ΔS  shown  i n  

Figure   2  in  such  a  way  that   nozzle  14  is  never  comple te ly   closed  o r  

opened.  In  some  cases  the  lower  l im i t   of  f requency  fo  is  a p p r o x .  

15  Hz.  However,  the  most  f avou rab l e   f requency   range  from  the  p o i n t  

of  view  of  the  invent ion   is  over  20  liz,  for  i n s t ance   3 0 . . . 5 0   Hz.  In 

some  cases  the  frequency  can  be  of  the  order  of  100  Hz. 

I f ,   for  some  reason,   it  is  not  de s i r ed   to  ma in t a in   the  f r e q u e n c y  

in  said  l i n e a r   range  by  choosing  a  s u f f i c i e n t l y   high  f requency  f  ,  

which,  however,  is  u sua l ly   the  best  s o l u t i o n ,   it  is  p o s s i b l e ,   i n  

a d d i t i o n   to  a  s u f f i c i e n t l y   high  f r e q u e n c y ,   to  use  mechanical   s t o p p e r s  

which  l imi t   the  v i b r a t i o n   ampl i tude  of  f lap  10.  In  a  c o n v e r t e r   o r  

a c t u a t o r   in  accordance  with  the  i n v e n t i o n ,   feedback  cannot  u s u a l l y  



be  favourably   used,  though  it  is  not  imposs ib le ,   as  the  f e e d b a c k  

reduces  the  size  of  the  l i n e a r   area  Δ S .  

Altough  a  basic  frequency  fo  has  been  under  c o n s i d e r a t i o n ,   it  s hou ld  

be  emphasized  that   the  i n v e n t i o n   can  also  be  appl ied  in  such  a  way 

as  to  make  frequency  fo  =  1/To  v a r i a b l e .   Thus  it  is  p o s s i b l e   t o  

mainta in   p u l s e  τ   cons tan t   and,  ins tead   of  frequency  f  ,   change  t h e  

output  p re s su re   Pout  or  co r r e spond ing   dout  by  varying  the  c y c l e  

To =  1/fo  and  consequent ly   also  the  du ty -cyc le   τ  T o  -  τ .   In  t h e  

framework  of  the  i nven t ion   both  the  pulse  length  τ  and  cycle  To 
( i . e .   frequency  fo)  can  also  be  used  as  a  cont ro l   s i gna l .   In  some 

a p p l i c a t i o n s   ampli tude  Fo  can  also  be  var ied   for  con t ro l   p u r p o s e s .  



1.  An  e l e c t r o - p n e u m a t i c   or  e l e c t r o - h y d r a u l i c   conve r t e r   or  a c t u a t o r ,  

in  which  there   is  a  pneumatic  or  h y d r a u l i c   n o z z l e - f l a p   s y s t e m  

(10 ,11 ,14)   or  s i m i l a r ,   as  for  i n s t ance   a  j e t   pipe  ( 1 0 ' , 3 4 , 3 5 ) ,   and 

which  f lap  (10)  or  s i m i l a r   (10')   is  c o n t r o l l e d   by  an  e l e c t r i c   c o n t r o l  

s i g n a l ,   wherein  the  e l e c t r i c a l   con t ro l   s i gna l   is  a  pulse  s e q u e n c e  

( I (  τ ( )   o s c i l l a t i n g   at  a  c e r t a i n   f requence   ( fo) ,   cons tant   o r  

v a r i a b l e ,   in  which  pulse   sequence  the  d u t y - c y c l e   ( τ / T o - τ )   of  t h e  

pulse  that   changes  the  pneumatic  or  h y d r a u l i c   output  p r e s su re   (p  out  ) 

or  s i m i l a r   (dout)  )  i s   va r ied   p r o p o r t i o n a l l y   to  the  input  s igna l   ( I i n )  

and  wi th in   the  cycle  (T )  cor responding   to  said  f requency  ( f  ) ,   and 

that  said  f lap  (10)  or  s imi l a r   (10')  is  e s s e n t i a l l y   arranged  t o  

o s c i l l a t e   in  the  l i n e a r   range  (  ΔS)  of  i t s   c h a r a c t e r i s t i c   c u r v e  

(Figure  2)  so  that   said  f lap  (10)  or  s i m i l a r   (10')   never  c o m p l e t e l y  

opens  or  c loses   the  nozzle  (14),  which  f e a t u r e   is  provided  by  mecha-  

nical   s t oppe r s   and/or   by  s e l e c t i n g   said  f requency  ( f  )   s u f f i c i e n t l y  

h i g h .  

2.  A  c o n v e r t e r   or  a c t u a t o r   in  accordance  with  claim  1,  wherein  s a i d  

basic  f requency  ( f  )   is  higher   than  approx.  30  Hz. 

3.  A  c o n v e r t e r   or  a c t u a t o r   in  accordance  with  claim  1  or  2,  w h e r e i n  

the  primary  element  is  a  pneumatic  n o z z l e - f l a p   combinat ion  ( 1 0 , 1 4 )  

known  as  such,  in  which  the  flap  (10)  is  made  o s c i l l a t e   by  means 

of  said  pu lse   sequence  ( I ( τ )   ),  which  is  conducted  to  an  e l e c t r o -  

magnet ic   coi l   (12)  or  s i m i l a r   i n s t a l l e d   in  connec t ion   with  t h e  

flap  ( 1 0 ) .  

4.  A  c o n v e r t e r   or  a c t u a t o r   in  accordance  with  claim  1,  wherein  t h e  

primary  element  is  an  o s c i l l a t i n g   je t   pipe  ( 1 0 ' ) ,   whose  nozzle  (34)  

o s c i l l a t e s   near  a  mouthpiece  (35),  in  which  the  pipes  ( 3 3 a , 3 3 b )  

leading  to  the  two  s ides   of  the  p i s ton   (31)  of  the  h y d r a u l i c  

c y l i n d e r   (30)  m e r g e s .  

5.  A  c o n v e r t e r   or  a c t u a t o r   in  accordance  with  claim  1 ,2 ,3 ,   or  4 ,  

wherein  the  bas ic   f requency  (f_)  of  said  e l e c t r i c   pulse  s e q u e n c e  



( I ( t ) )  i s   within  range  3 0 . . . 4 0  H z .  

6.  A  conver te r   or  a c t u a t o r   in  accordance  with  claim  1 , 2 , 3 , 4 ,   or  5,  

wherein  an  e l e c t r i c   feedback  s igna l   (I1)  is  formed  from  the  o u t p u t  

s ignal   (p out  )  of   the  conve r t e r   or  from  the  p o s i t i o n   ( d o u t )  o f   t h e  

hydrau l i c   or  pneumatic  c y l i n d e r   (22 ;30 ,31 ,32)   of  the  a c t u a t o r ,   and 

that  said  feedback  s ignal   (I1)  is  conducted  to  an  e l e c t r o n i c   u n i t  

(20)  a r r a n g e d  s o   as  to  f unc t i on   as  a  combined  d i f f e r e n c e   o r g a n  

( Σ )   and  conve r t e r ,   which  conver t s   an  ana log i ca l   input  s igna l   ( I i n )  
into  a  pulse  sequence  ( I ( τ )  ) .  
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