
®  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets  

©  Publication  number: 0  1 6 7   6 3 5  

A 1  

EUROPEAN  PATENT  APPLICATION 

©  Application  number:  84104810.1 

@  Date  of  filing:  05.06.84 

©Int.CI.*:  F  04  B  9 /10  
F  04  B  7/02,  F  04  B  15/02 
F  01  L  2 5 / 0 6  

©  Date  of  publication  of  application:  ©Applicant:  Libra,  S.A. 
15.01.86  Bulletin  86/3 

1-47031  Galazzano(SM) 
©  Designated  Contracting  States: 

AT  BE  CH  DE  FR  GB  LI  LU  NL  SE  ©  Inventor:  Brandi,  Alfredo 
Via  Romanus  de  Capraria 
Rep.  di  San  Matino(SM) 

©  Representative:  Vatti,  Paolo,  Dr.  Ing.  et  al, 
Fumero  -  Studio  Consulenza  Brevetti 
Widenmayerstrasse  4/1 
D-8000  Munchen  22(DE) 

n 

D 

s  
D 

©  Oleadynamic  circuit  for  the  control  of  reciprocating  pistons  pump. 
An  open  oleodynamic  circuit  with  automatic  sequence 

for  the  control  of  piston  pumps,  particularly  of  concrete 
pumps,  wherein  the  stability  of  the  hydraulic  system  is 
obtained  in  all  working  conditions  and  with  any  positioning 
of  the  cylinders,  of  the  type  comprising  two  pumping 
cylinders  (1,  3),  two  cylinders  (2,  4)  for  the  control  of  a 
deviating  valve,  through  which  the  pumping  cylinders  are 
alternately  placed  in  communication  with  a  delivery  pipe  and 
with  a  charging  hopper,  and  hydraulic  valves  (5,  6)  for 
controlling  said  cylinders. 

In  this  circuit,  said  hydraulic  valves  (5,  6)  are  controlled 
by  means  of  auxiliary  hydraulic  valves  (7,  8)  acting  as  relays, 
which  are  piloted  directly  by  the  flow  feeding  the  oleodyna- 
mic  cylinders  (1, 2, 3, 4)  operating  the  pump,  and  which  are 
meant  to  operate  only  when  the  end-of-stroke  position  has 
been  reached. 





The  p resen t   i nven t ion   concerns  an  open  oleodynamic  c i r c u i t  

with  automat ic   sequence,   having  an  i n d i r e c t   p i l o t i n g   system  f o r  

the  con t ro l   of  r e c i p r o c a t i n g   p is ton   pumps,  p a r t i c u l a r l y   o f  

concre te   pumps,  of  the  type  compris ing  two  c y l i n d e r s   for  pumping 

the  m a t e r i a l   and  two  c y l i n d e r s   for  the  con t ro l   of  a  v a l v e  

d e v i a t i n g   said  m a t e r i a l   in  synchronism  with  the  pumping  c y l i n d e r s .  

For  the  con t ro l   of  concre te   pump  c y l i n d e r s ,   the  use  o f  

oleodynamic  c i r c u i t s   with  automat ic   sequence  has  been  adopted  f o r  

qui te   some  time.  There  are  known  to  be :  

a)  con t ro l   systems  by  e l e c t r i c   s t o p s ;  

b)  c o n t r o l   systems  by  h y d r a u l i c   s t o p s ;  

c)  composite  e l e c t r i c - h y d r a u l i c   s y s t e m s ;  

d)  time  con t ro l   s y s t e m s ;  

e)  con t ro l   systems  by  means  of  s i n g l e - a c t i n g   p i l o t e d   v a l v e s ;  

f)  con t ro l   systems  wherein  the  pump  ope ra t ing   c y l i n d e r s   p e r f o r m  

the  func t ion   of  d i s t r i b u t o r .  

All  these  systems  are  apt  to  provide  the  pump  c o n t r o l  

oleodynamic  c i r c u i t   with  an  automatic   sequence,  wi thout   however  

reach ing   the  degree  of  r e l i a b i l i t y   r equ i r ed   from  mach ines  

o p e r a t i n g   on  the  b u i l d i n g   yard  and  in  extremely  hard  and  v a r i e d  

c o n d i t i o n s ,   where  the  personne l   in  charge  is  of ten   s c a r c e l y  

q u a l i f i e d   and  i n s e n s i t i v e   to  the  machine .  

Experience  has  in  fac t   proved  t h a t :  

a)  The  cont ro l   systems  by  e l e c t r i c   s tops ,   of  var ious   types ,   do  n o t  

give  s u f f i c i e n t   g u a r a n t e e s   as  far  as  mechanical  s t r e n g t h   and 

r e s i s t a n c e   to  o x i d a t i o n   of  the  c o n t a c t s ,   taking  into  account   t h e  

fact   that   they  are  g e n e r a l l y   fed  by  low- tens ion   d i r e c t   c u r r e n t .  

Fur thermore ,   these  systems  r equ i re   a u x i l i a r y   i n s t rumen t s   i n v o l v i n g  

higher  cos t s   and,  above  a l l ,   not  within  reach  of  the  personnel   in  



c h a r g e .  

b)  The  cont ro l   systems  with  hydrau l i c   stops  requi re   c o n t r o l  

members  (cams,  s l i d i n g   suppor t   rods,  and  so  on)  involv ing   h i g h  

c o s t s ,   which  give  r i se   to  problems  of  ad jus tment   and  ma in t enance  

and  complicate   the  oleodynamic  c i r c u i t   to  the  de t r iment   o f  

r e l i a b i l i t y .  

c)  The  combined  e l e c t r i c - h y d r a u l i c   systems  s u f f e r   from  the  a l r e a d y  

examined  drawbacks,  which  are  t y p i c a l   of  s ing le   component  s y s t e m s .  

d)  The  time  con t ro l   systems,  wherein  the  cycle  sequence  s i g n a l  

depends  on  the  time  of  passage  of  an  oil  flow  through  a  gauged 

t h r o t t l e ,   involve  the  drawback  of  having  response  times  v a r y i n g  

accord ing   to  the  flow  p res su re   level   and  to  tempera ture   (depend ing  

on  the  v i s c o s i t y ) ,   thereby  causing  t iming  problems  in  t h e  

o p e r a t i o n s   between  the  valve  c y l i n d e r s   and  the  pumping  c y l i n d e r s ,  

which  determine  f u r t h e r   wears  of  the  s e a l i n g   members  or  losses   i n  

vo lumet r i c   e f f i c i e n c y .  

e)  The  control   systems  by  means  of  s i n g l e - a c t i n g   p i lo t ed   v a l v e s ,  

of  the  commercial  type,  have  exceedingly   long  response  times  and 

i n t e n s i f y   the  water  hammering  phenomenon,  not  only,  but  t h e y  

compromise  the  s t a b i l i t y   of  the  hydrau l i c   which  they  con t ro l ,   a s  

in  the  c los ing   phase  they  pipe  out  of  the  hydrau l ic   c i r c u i t   a 

c e r t a i n   amount  of  o i l .   I t   also  happens  t h a t ,   since  the  two  v a l v e s  

are  appl ied  symmet r i ca l ly   on  the  two  p i l o t i n g   branches  of  t h e  

d i s t r i b u t i n g   valve,   one  is  apt  to  stop  the  o u t l e t   of  o i l ,   w h i l e  

the  other  allows  the  passage  of  the  flow  under  p r e s s u r e .   On 

account  of  the  oi l   escape,   which  is  normally  allowed  for  t h e s e  

s t a n d a r d i z e d   components,  an  u n c o n t r o l l e d   movement  of  the  main 

s l i d e r   may  then  take  p lace ,   causing  the  s h i f t i n g   of  the  work ing  

cycle .   It  should  be  pointed  out  that   th is   type  of  drawback  o c c u r s  

only  in  p a r t i c u l a r   oil   p re s su re   and  t empera tu re   c o n d i t i o n s ,   but  i t  

anyhow  l imi t s   the  s t a b i l i t y .   It  is  also  p o s s i b l e   that   components 

apt  to  solve  the  a f o r e s p e c i f i e d   drawbacks  may  be  conceived  and 



produced,   but  this   would  s t i l l   weigh  n e g a t i v e l y   upon  the  economy 

of  the  machine  and,  above  a l l ,   i t   would  mean  depending  on  a  s i n g l e  

supply  s o u r c e .  

f)  F i n a l l y ,   the  cont ro l   systems  p rov id ing   for  the  use  of  pump 

o p e r a t i n g   c y l i n d e r s   as  d i s t r i b u t o r s   of  the  main  feeding  flow,  a r e  

apt  to  solve  well  the  sequence  and  s t a b i l i t y   problems,  but  o n l y  

between  the  valve  c y l i n d e r   and  the  pumping  c y l i n d e r   and  n o t  

v i c e v e r s a ,   whereby  i t   is  always  necessa ry   to  r e s o r t   to  an 

i n t e g r a t i n g   system  of  the  type  of  those  c i ted   in  the  p r e v i o u s  

p o i n t s .   This  system  hence  r e q u i r e s   n o n - s t a n d a r d i z e d   d i s t r i b u t i o n  

components  being,  as  such,  cos t ly   and  s ca rce ly   r e l i a b l e .   One 

should  add,  fu r thermore ,   the  drawbacks  t y p i c a l   of  i n t e g r a t i n g  

s y s t e m s .  

Since  a l l   the  oleodynamic  c i r c u i t s   for  p i s ton   pumps,  known 

up  to  date,   provide  for  a  p a r a l l e l   connec t ion   (by-pass ,   o r  

s o - c a l l e d   slave  c i r c u i t )   between  the  two  chambers  on  the  p i s t o n  

side  or  on  the  rod  side  of  the  pumping  c y l i n d e r s ,   there   is  a lways  

need  for  a  system  to  r e i n t e g r a t e   the  oil   which  from  th is   c i r c u i t  

escapes  to  the  exhaust .   Whereby,  it   is  necessary   to  r e s o r t   t o  

s i n g l e - a c t i n g   valves,   p o s i t i o n e d   next  to  the  stops  of  the  pumping 

c y l i n d e r ,   so  as  to  allow  a  small  t r a n s f e r   of  oi l   between  t h e  

chamber  which  is  fed  d i r e c t l y   and  the  slave  c i r c u i t .   This  sys t em 

so lves   well  the  problem  of  synchronism  between  the  pumping 

c y l i n d e r s ,   but  it   causes  a  s l i g h t   r eve r sa l   of  motion  when,  f o r  

i n s t a n c e ,   the  t r a n s f e r   occurs  from  the  minor  s ec t ion   to  the  ma jo r  

one,  as  the  r e s p e c t i v e   p r e s s u r e s   tend  to  coun t e rba l ance   each  

o t h e r .  

The  oleodynamic  c i r c u i t   accord ing   to  the  p re sen t   i n v e n t i o n  

proposes   and  allows  to  overcome  a l l   the  h e r e t o f o r e   s p e c i f i e d  

drawbacks,  which  are  t yp i ca l   of  the  a l ready  known  s o l u t i o n s .  

It  is  of  the  type  compris ing  two  pumping  c y l i n d e r s ,   two 

c y l i n d e r s   for  the  con t ro l   of  a  d e v i a t i n g   valve,   through  which  t h e  



pumping  c y l i n d e r s   are  a l t e r n a t e l y   placed  in  communication  with  a 

d e l i v e r y   pipe  and  with  a  charging  hopper,  and  h y d r a u l i c   valves  f o r  

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

c y l i n d e r s ,   and  it  is  e s s e n t i a l l y   c h a r a c t e r i z e d   in  that   s a i d  

h y d r a u l i c   valves  are  c o n t r o l l e d   by  means  of  a u x i l i a r y   h y d r a u l i c  

va lves ,   ac t ing   as  r e lays   forming  par t   of  said  c i r c u i t ,   each  o f  

said  a u x i l i a r y   hydrau l i c   valves  o p e r a t i n g   as  the  two  c y l i n d e r s  

c o n t r o l l e d   by  the  other  valve  reach  the  wanted  p o s i t i o n s .  

Fur ther   c h a r a c t e r i s t i c s   of  the  c i r c u i t   accord ing   to  t h e  

p r e s e n t   i nven t ion   a r e :  

-  tha t   said  hydrau l i c   valves  are  a l l   of  the  s t a n d a r d i z e d  

t y p e ;  

-  t h a t   the  pumping  c y l i n d e r s   are  provided  with  s lowing-down 

means  in  cor respondence   of  the  r e tu rn   s t roke   s t o p ;  

-  t ha t ,   in  correspondence   of  the  r e tu rn   s t roke   stop,   t h e  

p i s t o n   of  the  pumping  c y l i n d e r s   acts  as  d i s t r i b u t o r   in  r e s p e c t   o f  

the  s igna l   t a p s ;  

-  tha t   the  recovery  of  oil   escape  by  the  slave  c i r c u i t   i s  

c a r r i e d   out  con t inuous ly ,   during  the  pumping  cycle ,   by  means  of  a 

t h r o t t l e   with  micrometr ic   de l ive ry   a d j u s t m e n t .  

The  inven t ion   wil l   now  be  descr ibed   in  d e t a i l ,   w i t h  

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

accompanying  drawings,  in  which:  

Fig.  1  is  a  diagram  of  the  oleodynamic  c i r c u i t   accord ing   t o  

the  i n v e n t i o n ,   in  a  f i r s t   working  phase  t h e r e o f ;  

Figs.   2  to  4  show  the  working  phases  of  the  same  c i r c u i t ,  

subsequent   to  tha t   of  f igure   1; 

Figs.   5  and  6  show  the  pumping  c y l i n d e r - p i s t o n   un i t s   of  t h e  

c i r c u i t   of  f igure   1,  in  two  anomalous  working  c o n d i t i o n s ;  

Fig.  7  shows  the  c i r c u i t   of  f igure   1,  in  the  i n v e r t e d  

working  phase  which  is  o c c a s i o n a l l y   r equ i red   to  remove  o b s t a c l e s  

to  the  pumping;  and 



Figs .   8  and. 9  show  the  two  working  phases  of  a  c i r c u i t   l i k e  

tha t   accord ing   to  the  previous   f i g u r e s ,   i n t e g r a t e d   with  e l e m e n t s  

a l lowing   it   to  perform  also  the  func t ion   of  keeping  the  d e v i a t i n g  

valve  c lose  to  and  away  from  the  cy l inde r s   during  the  pumping 

phase  and,  r e s p e c t i v e l y ,   during  the  valve  d i sp lacement   p h a s e .  

With  r e f e r e n c e   to  f i gu re   1,  the  oleodynamic  c i r c u i t  

accord ing   to  the  i nven t ion   comprises  two  h y d r a u l i c   pumping 

c y l i n d e r s   1  and  3,  to  which  are  connected  the  p i s t ons   34  t h r u s t i n g  

the  m a t e r i a l   ( c o n c r e t e ) ;   two  hyd rau l i c   c y l i n d e r s   2  and  4 

c o n t r o l l i n g   the  d e v i a t i n g   valve,   both  connected  to  a  handle ;   a 

t w o - p o s i t i o n   h y d r a u l i c   valve  5,  with  f l o a t i n g   s l i d e r   for  f e e d i n g  

the  two  valve  c y l i n d e r s   2  and  4;  a  t w o - p o s i t i o n   h y d r a u l i c   valve  6 ,  

with  f l o a t i n g   s l i d e r   for  feeding   the  hydrau l i c   pumping  c y l i n d e r s   1 

and  3;  a  t h r e e - p o s i t i o n   a u x i l i a r y   h y d r a u l i c   valve  7,  c o n t r o l l e d   by 

the  flow  under  p ressure   determined  by  the  p o s i t i o n   of  t h e  

d e v i a t i n g   valve  and  sent ,   through  pipes  21  and  22,  from  t h e  

c y l i n d e r s   2  and  4,  said  h y d r a u l i c   valve  7  ac t ing   as  r e l ay   f o r  

p i l o t i n g   the  hyd rau l i c   valve  6;  a  t h r e e - p o s i t i o n   a u x i l i a r y  

h y d r a u l i c   valve  8,  c o n t r o l l e d   by  the  flow  under  p r e s s u r e  

determined  by  the  p o s i t i o n   of  the  hyd rau l i c   pumping  c y l i n d e r s   and 

sent ,   through  pipes  17  and  18,  from  the  c y l i n d e r s   1  and  3,  s a i d  

h y d r a u l i c   valve  8  ac t ing   as  r e l ay   for  p i l o t i n g   the  h y d r a u l i c   v a l v e  

5;  two  so leno id   valves  9  and  10  (or,   where  r e q u i r e d ,   m a n u a l l y  

c o n t r o l l e d   va lve s ) ,   for  remote  c o n t r o l l i n g   of  the  r e v e r s a l   of  t h e  

pumping  cycle  into  a  suc t ion   cycle;   a  c i r c u i t   feeding  pump  24;  a 

peak  valve  25,  with  annexed  d i s c h a r g i n g   solenoid  valve  28,  for   t h e  

c o n t r o l   and  p r o t e c t i o n   of  the  oleodynamic  c i r c u i t ;   a  m i c r o m e t r i c  

o i l   f i l t e r   27,  p r e f e r a b l y   p o s i t i o n e d   on  the  r e t u r n   pipe;   a 

s i n g l e - a c t i n g   valve  15  on  the  supe rcha rg ing   pipe  of  the  s l a v e  

c i r c u i t ;   and  a  micrometr ic   c apac i ty   r e g u l a t o r   14,  which  is  apt  t o  

gua ran t ee   the  synchronism  of  the  pumping  cy l inde r s   and  al lows  o i l  

r e g e n e r a t i o n .  



The  o p e r a t i o n   of  the  c i r c u i t   is  now  descr ibed   in  d o t a i l ,   i n  

i t s   four  phases  i l l u s t r a t e d   in  f i g u r e s   1  to  4  of  the  accompanying 

d rawings :  

In  phase  I  ( f ig .   1),  the  pumping  cy l inde r   1  has  c o m p l e t e d  

i ts   o u t l e t   s t roke   s l i g h t l y   in  advance  in  r e spec t   of  the  c y l i n d e r  

3,  which  has  performed  i t s   i n l e t   s t roke .   The  p is ton  of  t h e  

cy l inde r   1  thereby  uncovers  the  hole  39,  a l lowing  the  s l a v e  

c i r c u i t   (formed  by  the  two  chambers  on  the  p is ton  side  of  t h e  

c y l i n d e r s   1  and  3  which  are  connected  by  the  pipe  16)  to  dra in   t o  

the  exhaust ,   through  the  s i n g l e - a c t i n g   valve  19,  the  excess  of  o i l  

absorbed  during  the  s t roke ,   while  the  p is ton   of  the  c y l i n d e r   3 ,  

which  is  s t i l l   moving  forward,   covers  the  hole  13  and  uncovers  t h e  

hole  38  which  is  connected  to  the  s i n g l e - a c t i n g   valve  12.  At  t h e  

same  time,  the  p r o j e c t i o n   35  en te r   the  seat   36,  causing  the  o i l  

conta ined  in  the  chamber  37  to  escape  into  the  pipe  16  c r e a t i n g   an 

a p p r o p r i a t e   r e s i s t a n c e ,   the  value  of  which  va r ies   in  f unc t ion   o f  

the  oil   v i s c o s i t y   and  of  the  p i s t o n   speed,  but  is  independent   f rom 

the  p ressure   which  the  system  r e q u i r e s   to  overcome  the  r e s i s t a n c e  

of  the  m a t e r i a l   to  be  pumped  through  the  p i s tons   34.  A  p r e s s u r e   i s  

e s t a b l i s h e d   in  the  pipe  18,  having  a  value  equal  to  the  sum  of  t h e  

pumping  p r e s su re   plus  the  p r e s su re   de r iv ing   from  the  escape  of  o i l  

from  the  chamber  37  to  the  pipe  16,  while  a  f a l l   of  p ressure   t a k e s  

place  in  the  pipe  17,  as  the  s lave  c i r c u i t   is  connected  to  t h e  

exhaust  by  way  of  t h e  v a l v e   19.  Consequent ly ,   the  s l i d e r   of  t h e  

hydrau l i c   valve  8  -   which  was  e a r l i e r   in  the  cen t ra l   p o s i t i o n ,   due 

to  a  p ressure   balance  between  pipes  17  and  18  and  thanks  to  t h e  

ac t ion   of  the  end  s p r i n g s  -   moves  towards  the  pipe  17.  Through  t h e  

solenoid  valve  9,  the  pipe  32  goes  into  p re s su re ,   while  the  p i p e  

33  d i s cha rges ,   causing  a  change  of  p o s i t i o n   of  the  s l i d e r   of  t h e  

hydrau l i c   valve  5.  The  oil   placed  in  c i r c u l a t i o n   by  the  pump  24 

flows  into  the  pipe  29b  (the  a b s o r p t i o n   by  the  pipe  20a  being  now 

exhausted)   and  causes  the  d i sp l acemen t   of  the  valve  cy l inde r   4  and 



that   of  the  valve  cy l inde r   2,  to  which  it   is  connected.   T h i s  

p o s i t i v e l y   takes  p lace ,   in  any  p r e s su re   c o n d i t i o n s   of  the  c i r c u i t ,  

and  even  in  pumping  s i t u a t i o n s   where  p r e s s u r e s   are  close  to  z e r o ,  

in  t ha t ,   at  the  end  of  the  s t r oke ,   the  c y l i n d e r   always  p r o d u c e s  

s u f f i c i e n t   p r e s su re   to  guaran tee   the  p i l o t i n g   of  t h e  

r e l a y - h y d r a u l i c v a l v e   8 .  

In  ac tua l   f ac t ,   even  if   there   w i l l   be  a  s l i g h t   oi l   e s c a p e  

through  the  hole  13,  closed  by  the  p i s t o n ,   said  escape  wil l   n e v e r  

be  such  as  to  determine  a  f a l l   of  p r e s s u r e   on  the  p i lo t   branch  18,  

in  tha t   th i s   l a t t e r   is  connected  to  the  pump  24  through  the  h o l e  

38  and  through  the  s i n g l e - a c t i n g   valve  12 .  

As  soon  as  the  valve  c y l i n d e r s   wil l   have  moved  from  t h e  

e n d - o f - s t r o k e   p o s i t i o n  { t h e   c y l i n d e r   4  from  the  i n l e t   p o s i t i o n   and 

the  c y l i n d e r  2   from  the  o u t l e t   p o s i t i o n ) ,   the  pipe  21  wil l   c o n n e c t  

i t s e l f   to  exhaust   l ike   the  pipe  22,  c r e a t i n g   the  c o n d i t i o n s  

whereby  the  s l i d e r   of  the  h y d r a u l i c   valve  7  moves  to  the  c e n t e r ,  

causing  the  s l i d e r   of  the  hyd rau l i c   valve  6  to  remain  in  a  s t e a d y  

c los ing   p o s i t i o n .   The  pumping  c y l i n d e r   3,  through  the  pipe  20a ,  

remains  connected  to  the  pump,  p a r a l l e l y   to  the  pipe  29b ,  

throughout   the  s t roke   length  of  the  c y l i n d e r s   4  and  2  c o n t r o l l i n g  

the  d e v i a t i n g   v a l v e .  

One  should  take  in  due  c o n s i d e r a t i o n   the  phenomenon  which 

c h a r a c t e r i z e s   the  s t a r t i n g   and  s topp ing   of  the  cy l inde r s   of  a 

p i s ton   pump  as  tha t   descr ibed ,   on  account   of  the  high  work ing  

speeds.   E s p e c i a l l y   the  s t a r t i n g ,   e a s i l y   c r e a t e s   an  unbalance  i n  

pressure   on  the  p i l o t i n g   pipes,   u p s e t t i n g   the  synchronism  o f  

movement  of  the  var ious   c y l i n d e r s .  

The  h e r e t o f o r e   descr ibed  oleodynamic  c i r c u i t   allows  to  s o l v e  

th is   problem  by  adopt ing  the  fo l lowing   e x p e d i e n t s :  

For  the  valve  c y l i n d e r s ,   a  c o n t r o l l e d   drainage  of  t h e  

"by-pass"   41,  connec t ing   the  two  chambers  on  the  rod  s ide ,   i s  

operated  through  a  f ixed  t h r o t t l e   40,  such  as  to  allow  l i m i t i n g  -  



in  any  working  c o n d i t i o n s  -   the  d i f f e r e n c e   in  p ressure   6 .   
p 

between  said  chambers,  the  one  d i s c h a r g i n g   oi l   and  the  o t h e r  

absorbing   i t .   I t   so  happens  tha t   the  p r e s su re   wave  produced  by  t h e  

feeding   of  the  cy l inder   4  is  t r a s m i t t e d ,   through  the  pipe  41,  a l s o  

in  the  c y l i n d e r   2,  so  as  to  guaran tee   s t a b i l i t y   to  the  s l i d e r   o f  

the  h y d r a u l i c   valve  7,  connected  to  said  c y l i n d e r s   through  t h e  

pipes  21  and  22.  

For  the  pumping  c y l i n d e r s ,   two  holes  13  and  38  are  p r o v i d e d  

in  cor respondence   of  the  e n d - o f - s t r o k e   i n l e t   p o s i t i o n .   The  f i r s t  

hole  more  or  less  coincides   with  the  center   of  the  p i s ton ,   which 

is  apt  to  close  the  same;  the  second  hole  is  spaced  from  the  f i r s t  

by  a  d i s t ance   such  as  to  make  sure  t ha t ,   during  the  re turn   s t r o k e  

of  the  p i s t o n ,   the  f i r s t   hole  c loses   upon  opening  of  the  second  

hole.  It  ensues  that  the  p ressure   wave  produced  in  the  s l a v e  

c i r c u i t   when  the  cy l inder s   s t a r t   off ,   equa l ly   a f f e c t s   b o t h  

p i l o t i n g   pipes  17  and  18,  on  account   of  the  f ac t   tha t   the  hole  13 

wil l   be  closed  and  the  hole  38  will   be  p r o t e c t e d   by  t h e  

s i n g l e - a c t i n g   valve  12.  This  is  s u f f i c i e n t   to  guarantee   s t a b i l i t y  

to  the  s l i d e r   of  the  hydrau l i c   valve  8  in  any  working  c o n d i t i o n s ,  

even  in  the  presence  of  a  p o s s i b l e   s l i g h t   oil   escape  from  t h e  

p i s ton   (as  a l ready  explained  p r e v i o u s l y ) .  

Always  in  connection  with  s t a b i l i t y ,   i t   should  be  added  t h a t  

the  h y d r a u l i c   valves  7  and  8,  designed  to  p rocess   the  s i g n a l s  

issued  from  the  cy l inde r s ,   are  apt  to  guaran tee   s t a b i l i t y   to  t h e  

s l i d e r   of  the  r e spec t i ve   main  h y d r a u l i c   valves  6  and  5,  in  any 

p res su re   cond i t ions   of  the  h y d r a u l i c   c i r c u i t   and  in  any 

i n t e r m e d i a t e   pos i t i on   of  the  c y l i n d e r   p i s t o n s .   This  means  tha t   t h e  

change  of  s i t u a t i o n   occurs  only  when  each  of  the  cy l inde r s   1  to  4 

has  reached  i t s   e n d - o f - s t r o k e   p o s i t i o n .  

We  sha l l   now  consider   the  o p e r a t i n g   phase  I I ,   i l l u s t r a t e d   i n  

f igure   2 :  

The  cy l inde r   4  of  the  d e v i a t i n g   valve  has  reached  t h e  



e n d - o f - s t r o k e   o u t l e t   p o s i t i o n .   S i m u l t a n e o u s l y ,   a  d i f f e r e n c e   i n  

p r e s s u r e   L   p  is  e s t a b l i s h e d   between  the  pipe  22  and  the  pipe  21 ,  

having  a  value  which  var ies   accord ing   to  the  r e s i s t a n c e   opposed  by 

the  d e v i a t i n g   valve,  and  which  is  anyhow  such  tha t   t h e  

r e l a y - h y d r a u l i c v a l v e   7  moves  from  the  c e n t r a l   p o s i t i o n ,   taken  up 

during  the  s t roke ,   to  the  end  p o s i t i o n .   The  pipe  31  goes  i n t o  

p r e s s u r e ,   while  the  pipe  30  d i s c h a r g e s ,   thereby  causing  the  main 

h y d r a u l i c   valve  6  to  take  up  a  new  p o s i t i o n .   The  oil  p laced  i n  

c i r c u l a t i o n   by  the  pump  flows  into  the  pipe  20b,  the  a b s o r p t i o n   by 

the  pipe  29b  being  now  exhaus ted ,   and  the  pumping  c y l i n d e r s   w i l l  

thus  s t a r t   a  new  s t roke .   On  s t a r t i n g ,   the  s l i d e r   of  t h e  

r e l a y - h y d r a u l i c v a l v e   8  moves  from  the  outer   p o s i t i o n   to  t h e  

c e n t r a l   p o s i t i o n ,   holding  in  a  s teady  p o s i t i o n   the  h y d r a u l i c   v a l v e  

5,  which  wi l l   keep  the  pipe  29b  connected  to  the  pump.  I t   c a n  

e a s i l y   be  unders tood  tha t ,   during  the  f u l l   s t roke   of  the  pumping 

c y l i n d e r s ,   the  hydrau l ic   valve  8  wi l l   hold  the  c e n t r a l   p o s i t i o n ,  

while  the  hydrau l i c   valve  7  wi l l   hold  the  e x t e r n a l   p o s i t i o n  

f i n a l l y   taken  up  or,  at  the  most,  in  the  event  of  the  p r e s s u r e   i n  

the  system  being  very  low,  it   wi l l   take  up  the  cen t r a l   p o s i t i o n .  

At  th i s   poin t ,   phase  III   s t a r t s ,   as  i l l u s t r a t e d   in  f igure   3 .  

As  a  r e s u l t   of  the  s u p e r c h a r g i n g   of  the  slave  c i r c u i t ,   t h e  

c y l i n d e r   3  completes  i t s   s t roke   s l i g h t l y   in  advance  in  r e s p e c t   o f  

the  c y l i n d e r   1  and,  in  th is   s i t u a t i o n ,   a l l   the  p i l o t i n g   c o n d i t i o n s  

a l r eady   examined  in  phase  I  are  reproduced.   The 

r e l a y - h y d r a u l i c v a l v e   8  moves  from  the  c e n t r a l   p o s i t i o n   to  t h e  

outer   p o s i t i o n   and,  consequen t ly ,   the  hyd rau l i c   valve  5  c h a n g e s  

p o s i t i o n ,   causing  the  pipe  29a  to  go  into  p ressure   and  the  p i p e  

29b  to  d i s cha rge .   The  cy l inde r   2  s t a r t s   i t s   s t roke ,   which  c a u s e s  

the  d e v i a t i n g   valve  to  take  up  a  new  p o s i t i o n .   As  soon  as  t h i s  

s t roke   has  s t a r t e d ,   the  s l i d e r   of  the  r e l a y - h y d r a u l i c v a l v e   7  t a k e s  

up  the  c e n t r a l   pos i t i on ,   keeping  the  hyd rau l i c   valve  6,  which  

c o n t r o l s   the  pumping  cy l i nde r s   in  a  s teady  closed  p o s i t i o n .   At  t h e  



same  time,  the  r e l a y - h y d r a u l i c v a l v e   8  holds  the  f i na l   taken  up 

p o s i t i o n   or,  at  the  most,  in  the  event  of  the  p r e s su re   in  t h e  

system  being  very  low,  i t   takes  up  the  c e n t r a l   p o s i t i o n .  

Phase  IV,  which  is  the  l a s t   phase  of  the  cyc le ,   i s  

i l l u s t r a t e d   in  f igure   4 :  

The  c y l i n d e r   2,  in  complet ing  i t s   s t r o k e ,   puts  u n d e r  

p res su re   the  pipe  21  producing,   in  any  p r e s s u r e   c o n d i t i o n s ,   a  

d i f f e r e n c e   in  pressure   L   p  between  the  two  branches   21  and  22,  

so  that   the  hydrau l i c   valve  7  moves  from  the  c e n t r a l   p o s i t i o n  

(taken  up  during  the  i n t e rmed ia t e   par t   of  the  s t roke )   to  the  o u t e r  

p o s i t i o n .   Consequent ly ,   the  h y d r a u l i c   valve  6  takes  up  a  new 

p o s i t i o n   whereby  the  pump  24,  having  stopped  f eed ing   the  c y l i n d e r  

2,  s t a r t s   to  feed  the  cy l inde r   3  through  the  pipe  20a.  The 

s t a r t i n g - o f f   of  c y l i n d e r   3  reproduces   a l l   the  c o n d i t i o n s   a l r e a d y  

i l l u s t r a t e d   in  f igure   1,  whereby  the  s l i d e r   of  t h e  

r e l a y - h y d r a u l i c v a l v e   8  moves  from  the  l a s t   e x t e r n a l   p o s i t i o n   t a k e n  

up,  to  the  c e n t r a l   p o s i t i o n ,   g u a r a n t e e i n g   s t a b i l i t y   to  t h e  

hyd rau l i c   valve  5  which  con t ro l s   the  c y l i n d e r s   of  the  d e v i a t i n g  

v a l v e .  

At  the  end  of  phase  IV,  the  s i t u a t i o n   a l r eady   ana lysed   i n  

f igure   1  wil l   a r i se   again  and  the  pumping  cyc le ,   in tended  as  t ime  

i n t e r v a l   between  a  s p e c i f i c   p o s i t i o n   of  a  pumping  c y l i n d e r   and  t h e  

fo l lowing   p o s i t i o n ,   wi l l   be  comp le t ed .  

An  o l e o d y n a m i c  c i r c u i t   as  tha t   descr ibed   gua ran t ee s   for  e a c h  

c y l i n d e r   movement  to  take  place  only  if  the  p rev ious   movement  h a s  

been  accomplished;   it  operates   at  a  r egu la r   ra te   and  keeps  t h e  

synchronism  in  each  s i t u a t i o n ;   as  well  as  being  r e a l i z e d   w i t h  

s t a n d a r d i z e d   components  ( cy l inde r s   exc luded) ,   which  have  the  m e r i t  

to  be  e a s i l y   found  at  l imi ted   cos t s .   Fur thermore ,   i t   works  with  an 

automat ic   sequence  of  the  var ious   phases  and  i t   can  thus  be 

stopped  and  s t a r t e d   again  without   any  p r e f e r e n t i a l   p o s i t i o n s .   I f ,  

for  any  spec ia l   reasons  (which  are  obviously  not  analysed  h e r e i n ) ,  



the  pumping  c y l i n d e r s   should  miss  the  synchronism,  due  to  e x c e s s  

or  want  of  oil   in  the  slave  c i r c u i t ,   i t   is  not  necessary  to  r e s o r t  

to  exped ien t s   or  supplementary  o p e r a t i o n s ,   as  the  c i r c u i t  

s e l f - s y n c h r o n i z e s .  

To  be  convinced  of  t h i s ,   i t   wi l l   be  s u f f i c i e n t   to  c o n s i d e r ,  

for  example,  the  case  in  which  an  excess  of  oil   is  p r e sen t   in  t h e  

slave  c i r c u i t ,   as  i l l u s t r a t e d   in  f i gu re   5:  the  cy l inder   3  ends  i t s  

o u t l e t   s t roke   somewhat  in  advance  in  r e spec t   of  the  c y l i n d e r   1 .  

Since  the  sequence  s ignal   is  produced  at  the  end  of  the  i n l e t  

s t roke ,   the  excess  of  oil  is  e l i m i n a t e d   through  the  s i n g l e - a c t i n g  

valve  19  and  the  cy l i nde r s   r e tu rn   at  once  in  synchron i sm.  

Whereas,  if   there  should  be  lack  of  oil  in  the  s l a v e  

c i r c u i t ,   as  shown  in  f igure   6,  th ings   proceed  as  fo l lows :   t h e  

c y l i n d e r   1  ends  i t s   i n l e t   s t roke   in  advance  in  r e s p e c t   of  t h e  

outgoing  c y l i n d e r   3,  and  produces   the  sequence  s i g n a l ;   t h e  

cy l inde r   3  in  turn  performs  i t s   i n l e t   s t roke   and  the  c y l i n d e r   1 

i t s   o u t l e t   s t roke ,   and  so  on.  The  two  pumping  c y l i n d e r s   w i l l  

g radua l ly   perform  longer  and  longer   s t rokes   as,  in  the  s l a v e  

c i r c u i t ,   a  p rede termined   amount  of  oil   c o n t i n u a l l y   flows  t h r o u g h  

the  capac i ty   r e g u l a t o r   14,  up  to  r each ing   the  ful l   s t r o k e .  

In  both  cases ,   t h e r e f o r e ,   the  c i r c u i t   is  apt  to  overcome  t h e  

temporary  unbalances   and  s t a r t s   to  work  again  r e g u l a r l y .  

In  concre te   pumps,  i t   is  f a i r l y   often  requi red   to  change  

over  from  the  de l ive ry   cycle  to  the  suc t ion   cycle,   when  plugs  o f  

ma te r i a l   b locking   the  flow  are  formed  ins ide   the  p i p i n g .  

These  s i t u a t i o n s   are  mostly  solved  by  r e s o r t i n g   to  a  

temporary  backflow,  that   is,  by  r e t u r n i n g   the  concrete   from  t h e  

piping  towards  the  charging  hopper,   thereby  d i s i n t e g r a t i n g   t h a t  

part   of  m a t e r i a l   which  had  caused  the  plugging  up.  

With  the  c i r c u i t   according  to  the  present   i n v e n t i o n ,   t h i s  

ope ra t ion   is  c a r r i e d   out  by  a c t i n g   on  the  solenoid  valves   9  and 

10,  e x c i t i n g   them  for  the  l ength   of  time  required   to  remove  t h e  



o b s t a c l e .  

Figure  7  shows  a  phase  of  the  suc t ion   cycle  r e f e r r i n g   to  a  

previous  s i t u a t i o n ,   as  tha t   of  f igure   4 .  

If ,   at  any  time  of  the  pumping  cycle ,   the  so lenoids   of  t h e  

valves  9  and  10  are  put  u n d e r t e n s i o n ,   the  s i t u a t i o n   on  t h e  

hydrau l i c   valve  7  changes  and,  a c c o r d i n g l y ,   the  pipe  31  p a s s e s  

from  the  exhaust   cond i t ion   to  the  p r e s su re   cond i t i on ,   and  t h e  

oppos i te   occurs  to  the  pipe  30;  the  h y d r a u l i c   valve  6  c h a n g e s  

p o s i t i o n ,   causing  the  pipe  20b  to  go  into  p re s su re   and  the  p i p e  

20a  to  d i s c h a r g e ,   the  pumping  c y l i n d e r s   1  and  3  r eve r s ing   at  once  

t he i r   d i r e c t i o n   of  movement;  nothing  changes  on  i n s t ead   t h e  

hydrau l i c   valve  8  which,  f ind ing   i t s e l f   with  a  c losed  cen te r ,   does  

not  i n t e r f e r e   on  the  s i t u a t i o n   of  the  h y d r a u l i c   valve  5  wh ich  

c o n t r o l s   the  d e v i a t i n g   valve.   When  the  c y l i n d e r   1  completes  i t s  

s t r oke ,   i t   causes  the  h y d r a u l i c   valve  8  to  take  up  a  new  p o s i t i o n ,  

which  wil l   cause  the  swi tch ing   of  the  d e v i a t i n g   valve.   In  t h e  

event  tha t   the  e x c i t a t i o n   of  the  so leno id   valves  9  and  10  s h o u l d  

coincide  with  the  s i t u a t i o n   of  f igure  3,  one  would  obtain  a  p rompt  

r e v e r s a l   of  the  d e v i a t i n g   valve,   while  the  pumping  cy l i nde r s   would  

ins tead   remain  at  a  s t a n d s t i l l   up  to  complet ion  of  the  s t roke   o f  

the  c y l i n d e r s   c o n t r o l l i n g   the  valve.   The  s i t u a t i o n s   a l r e a d y  

analysed  in  f i g u r e s   1  to  4  would  in  any  case  reproduce  t h e m s e l v e s ,  

whereby  the  automat ic   sequence  cont ro l   would  anyhow  be  g u a r a n t e e d .  

Concrete  pumps  of  the  type  with  r e c i p r o c a t i n g   p i s t o n s  

normally  perform  two  f u n c t i o n s :   pumping  and  swi tching  of  t h e  

valve,  as  seen  so  f a r .  

In  p a r t i c u l a r   a p p l i c a t i o n s ,   where  a  cons tant   a d h e r e n c e  

between  the  s ea l i ng   pa r t s ,   even  in  the  presence  of  wears,  has  t o  

be  gua ran teed ,   a  th i rd   func t ion   can  be  provided  to  complete  t h e  

f i r s t   two,  namely  tha t   a l lowing  to  bring  the  dev ia t ing   v a l v e  

adherent   to  the  pumping  c y l i n d e r s ,   when  these  l a t t e r   are  w o r k i n g ,  

and  to  keep  i t   ins tead   s l i g h t l y   apar t   ( i t   may  even  be  enough  t o  



simply  e l im ina t e   the  coupl ing  force)   when  having  to  move  from  one 

c y l i n d e r   to  the  o t h e r .  

Without  s p e c i f i c a l l y   d i s c u s s i n g   here in   the  a d v a n t a g e s  

ob ta ined   with  the  th i rd   f u n c t i o n ,   we  sha l l   simply  poin t   out  how 

the  c i r c u i t   according  to  the  p r e s e n t   inven t ion   is  apt  t o  

accomplish  th i s   task  if  i t   is  i n t e g r a t e d   with  a  few  a d d i t i o n a l  

e l e m e n t s .  

One  should  consider   f igure   8,  which  i l l u s t r a t e s   a  phase  o f  

the  cycle  wherein  the  pumping  c y l i n d e r s   have  ended  t h e i r   s t r o k e .  

Through  the  hole  38,  the  c y l i n d e r   3  puts  s i m u l t a n e o u s l y   u n d e r  

p r e s s u r e   the  pipes  18  and  43,  while  the  slave  c i r c u i t   is  a l r e a d y  

at  the  exhaust   by  way  of  the  s i n g l e - a c t i n g   valve  19.  The  f low 

under  p re s su re   s imu l t aneous ly   a f f e c t s   the  pipes  44  and  45,  which  

connect   the  oppos i te   ends  of  the  s l i d e r   of  the  h y d r a u l i c   valve  4 6 .  

However,  since  the  flow  e n t e r i n g   the  pipe  44  has  to  cross  t h e  

t h r o t t l e   50,  and  since  i t   is  f u r t h e r m o r e   connected  to  the  pipe  16,  

which  is  at  th is   moment  p o s i t i o n e d   in  exhaus t ,   there   w i l l   no  d o u b t  

be  a  d i f f e r e n c e   in  p ressure   JL  p  between  the  pipes  44  and  4 5 ,  

such  as  to  overcome  the  opposing  force  of  the  p o s i t i o n i n g   s p r i n g  

provided  on  the  hydrau l ic   valve  46.  As  a  r e s u l t ,   also  the  pipe  47 

wi l l   be  put  under  p r e s s u r e ,   in  p a r a l l e l   with  the  pipes  18  and  43 ,  

while  the  pipe  48  will   be  a f f e c t e d   by  an  induced  p r e s su re   (in  t h a t  

i t   is  closed)  as  a  r e s u l t   of  which,  owing  to  the  c o m p r e s s i b i l i t y  

of  the  oi l   and  to  the  e l a s t i c i t y   of  the  means,  the  p i s t o n   of  t h e  

c y l i n d e r   49  will   move  to  a  s l i g h t   ex ten t   from  r i g h t   to  l e f t ,  

caus ing   the  desired  s e p a r a t i o n   between  the  valve  and  the  pumping 

c y l i n d e r s .  

This  s i t u a t i o n   will  l a s t   t h roughou t   the  length  of  movement 

of  the  dev i a t i ng   valve,  tha t   is ,   up  to  when  a  new  sequence  s i g n a l  

a p p e a r s .  

Figure  9  i l l u s t r a t e s   the  phase  which  fol lows  the  one 

h e r e t o f o r e   descr ibed;   in  t h i s   l a t t e r ,   the  cy l i nde r   of  the  valve  4 



has  performed  i t s   s t roke  and  c rea ted   the  c o n d i t i o n s   for  t h e  

s t a r t i n g   of  the  pumping  cy l inde r   1. 

At  this   poin t ,   the  pipe  20b  goes  into  p r e s s u r e  

s imu l t aneous ly   with  the  slave  c i r c u i t   of  the  pumping  c y l i n d e r s ,  

whereupon  also  the  pipes  44  and  45  have  the  same  p r e s s u r e .   The 

p o s i t i o n i n g   spr ing  of  the  hydrau l ic   valve  46  acts   so  as  to  d r a i n  

the  pipe  45  into  the  pipe  44  through  the  t h r o t t l e   50,  whereby  t h e  

pipe  48  goes  into  pressure   and  the  pipe  47  d i s c h a r g e s .   The 

cy l inde r   49  then  moves  from  l e f t   to  r i g h t ,   so  pe r fo rming   t h e  

p u l l i n g   funct ion   ( forced  drawing  σf  the  valve  close  to  the  pumping 

c y l i n d e r ) .  

It  should  be  under l ined   that   the  c y l i n d e r   49,  when  work ing  

in  the  pu l l i ng   sense  (T),  has  no  s t roke   l i m i t a t i o n ,   which  means 

that   i t   can  recover   with  time  the  s lack  produced  by  wear,  w h e r e a s  

when  working  in  the  pa r t ing   sense  (S),  i t   has  s t r o k e   l i m i t a t i o n s ,  

in  tha t   the  poss ib l e   s t roke  is  that   de r i v ing   from  the  y i e l d i n g   o f  

t h e  s e a l s   on  the  p is ton   and  from  the  c o m p r e s s i b i l i t y   of  t h e  

hyd rau l i c   f l u id .   Fur thermore,   the  amount  of  oi l   r e q u i r e d   for  t h i s  

func t ion   is  low  compara t ive ly   to  that   placed  in  c i r c u l a t i o n   in  t h e  

hydrau l i c   system,  and  namely  such  as  not  to  cause  p e r c e p t i b l e  

delays  in  the  p i l o t i n g   sys tem.  



1)  Open  oleodynamic  c i r c u i t   with  au tomat ic   sequence,  h a v i n g  

an  i n d i r e c t   p i l o t i n g   system  for  the  con t ro l   of  r e c i p r o c a t i n g  

p i s t o n   pumps,  of  the  type  compris ing  two  pumping  c y l i n d e r s ,   two 

c y l i n d e r s   for  the  c o n t r o l   of  a  d e v i a t i n g   valve,   through  which  t h e  

pumping  c y l i n d e r s   are  a l t e r n a t e l y   placed  in  communication  with  a  

d e l i v e r y   pipe  and  with  a  charg ing   hopper,   and  hydrau l i c   valves  f o r  

c o n t r o l l i n g   the  d i r e c t i o n   of  movement  of  the  p i s tons   in  s a i d  

c y l i n d e r s ,   c h a r a c t e r i z e d   in  that   said  hyd rau l i c   valves  a r e  

c o n t r o l l e d   by  means  of  a u x i l i a r y   h y d r a u l i c   valves ,   ac t ing   a s  

r e l ays   forming  par t   of  said  c i r c u i t ,   each  of  said  a u x i l i a r y  

h y d r a u l i c   valves  o p e r a t i n g   as  the  two  c y l i n d e r s   c o n t r o l l e d   by  t h e  

o ther   valve  reach  the  wanted  p o s i t i o n s .  

2)  An  oleodynamic  c i r c u i t   as  in  claim  1),  wherein  s a i d  

a u x i l i a r y   h y d r a u l i c   valves  are  apt  to  keep  the  p i l o t i n g   ac t ive   and 

to  preserve  it  once  they  have  opera ted  the  same. 

3)  An  oleodynamic  c i r c u i t   as  in  claims  1)  and  2),  w h e r e i n  

the  pumping  c y l i n d e r s   are  provided  with  slowing-down  means  i n  

cor respondence   of  the  r e t u r n   s t roke   s t o p .  

4)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  3),  wherein  t h e  

pumping  c y l i n d e r s   comprise  two  s igna l   taps ,   to  ob ta in   s t a b i l i t y   o f  

the  system  when  they  s t a r t   o f f .  

5)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  4),  w h e r e i n  

each  of  the  p i s t o n s   of  the  pumping  c y l i n d e r s   performs  the  f u n c t i o n  

of  d i s t r i b u t o r   in  r e s p e c t   of  the  s igna l   taps ,   at  the  end  of  t h e  

r e t u r n   s t r o k e .  

6)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  5),  c o m p r i s i n g  

a  micrometr ic   flow  r e g u l a t o r ,   designed  to  supercharge   a  s l a v e  

c i r c u i t .  

7)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  6),  wherein  t h e  

c y l i n d e r s   of  the  d e v i a t i n g   valve  are  connected  on  t h e i r   rod  s i d e  



by  a  p a r a l l e l   c i r c u i t   ( by -pas s ) ,   which  is  in  turn  connected  to  t h e  

exhaust   by  means  of  a  f ixed  t h r o t t l e .  

8)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  7),  c o m p r i s i n g  

two  solenoid  valves  to  remote  cont ro l   the  concre te   i n t a k e  

o p e r a t i o n .  

9)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  8),  o b t a i n e d  

with  s t anda rd i zed   componen t s .  

10)  An  oleodynamic  c i r c u i t   as  in  claims  1)  to  9),  w h e r e i n  

the  s ignals   produced  by  the  pumping  c y l i n d e r s   are  used  to  p e r f o r m  

a  supplementary  f u n c t i o n ,   whereby  the  d e v i a t i n g   valve  is  caused  t o  

adhere  to  or,  in  turn ,   to  stay  apart  from  said  pumping  c y l i n d e r s .  
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