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©  A  flow  recovery  system  for  hydraulic  circuits  with  pumps  and  pressure  compensated  distributor  valves  for  working 
members  of  earth-moving  machines. 

@  A  hydraulic  control  circuit  for  the  working  members  of 
earth-moving  machines  having  linear  and  rotary  reversible 
hydraulic  actuators  (1-7)  each  of  which  is  associated  with  an 
associated  hydraulic  distributor  valve  (8,  9)  and  a  pressure 
compensator  (17,  18)  of  the  "load-sensing"  type.  One  or 
more  of  the  actuators  (1-7)  is  further  associated  with  a  flow 
recovery  device  (25)  including  at  least  one  recovery  line  (34) 
between  the  discharge  (28)  and  the  delivery  (27)  of  the  actua- 
tor  for  obtaining  an  additional  closure  pressure  on  the  spooi 
(29)  of  the  compensator  (1  7,  18)  in  such  a  way  as  to  cancel  out 
unnecessary  demands  on  the  fluid  flow  rate  from  the  pump 
(12). 
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A  flow  recovery  system  for  hydraulic  circuits  with  pumps  and  p re s su re -  

compensa ted   dis t r ibutor   valves  for  working  members   of  e a r t h -mov ing  

mach ine s  

The  present  invention  relates  in  general  to  hydraulic  control  circuits  for  

the  working  members  of  earth-moving  machines .  

More  part icular ly,   the  invention  relates  to  a  hydraulic  control  circuit  of 

the  type  including  a  pump  for  supplying  a  hydraulic  fluid  under  pressure  
and  a  plurality  of  reversible  hydraulic  actuators ,   in  part  linear  and  in  p a r t  

rotary,  for  the  actuat ion  of  respective  working  members  each  of  which 

has  an  associated  hydraulic  spool  valve  connected  with  the  delivery  and 

the  discharge  of  the  associated  working  member  and  positionable,  wi th  

continuous  adjustment,   by  means  of  associated  control  means,  into  t h r e e  

positions  corresponding  to  displacement  of  the  working  member  in  a  f i r s t  

direction,  stopping  thereof,   and  displacement  in  a  second  d i rec t ion  

opposite  the  first,  and  pressure  compensators  of  the  "load-sensing"  t ype  

interposed  between  the  said  source  of  supply  and  the  said  d i s t r ibu tor  

valves  for  maintaining  the  difference  between  the  pressure  delivered  by 

the  said  supply  source  and  the  pressure  in  the  working  member s  

substantially  constant,   the  said  pressure  compensators   including  normally  

open  two-way  spool  valves  each  having  an  end  subjected  to  an  opening 

pressure  coming  from  the  associated  working  member  downstream  of  t h e  

associated  distributor  valve  as  well  as  to  the  action  of  a  biasing  spring, 

and  an  opposite  end  subjected  to  a  closure  pressure  coming  from  the  input 

of  the  associated  distributor  va lve .  

In  some  operating  conditions  of  hydraulic  circuits  of  the  said  type  
situations  can  arise  in  which  the  supply  pump  sends  to  one  or  more  of  t he  

actuators   a  considerable  output  not  required  by  the  energy  balance  of  t he  

manoeuvre.  This  situation  can  occur,  for  example,  in  the  case  of  a  l inear  

actuator   which  controls  the  raising  and  lowering  of  the  arm  of  an  

excavator ,   during  the  movement  of  a  negative  load  (lowering  of  the  load). 
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In  fact,  in  this  case  the  negative  load  acts  on  the  end  of  the  l inear  

ac tua tor   cylinder  and  the  movement  is  controlled  by  the  discharge  f low 

cross-sec t ion   ("meter-out")   of  the  associated  distributor  valve  and  the  f low 

of  fluid  is  normally  all  discharged.  The  end  of  the  cylinder  housing  t he  

5  linear  ac tua to r   rod  is  connected  during  the  movement  to  the  " load-  

sensing"  pump  which  therefore  sends  to  this  side  a  flow  of  f luid 

proport ional   to  the  product  of  the  delivery  flow  cross-section  ( "meter - in")  

of  the  distr ibutor   valve  and  the  square  root  of  the  "load-sensing"  p ressure  

difference,   whilst  from  the  end  of  the  actuator  cylinder  there  is 

10  discharged  a  flow  rate  proportional  to  the  product  of  the  discharge  f low 

cross-sec t ion   of  the  distributor  valve  and  the  square  root  of  the  load 

p r e s su re .  

Since  the  load  on  the  end  of  the  actuator  generates  a  pressure  (of  t h e  

15  order  of  250  bar)  very  much  greater  than  that  of  the  "load-sensing"  (of 

the  order  of  20  bar)  and  taking  account  of  the  ratio  (about  1:1.5)  of  t h e  

volumes  of  the  rod  end/base  end  of  the  actuator   cylinder,  the  flow  of 

fluid  sent  to  the  ac tua tor   rod  end  of  the  cylinder  is  insufficient  and  an 

an t i - cav i t a t ion   valve  must  be  installed  on  this  end  of  the  cy l inder .  

20 

Since  such  an t i -cav i ta t ion   valves  draw  in  oil  only  by  the  d ischarge  

reservoir  back  pressure  ,  their  intervention  is  not  sufficient  to  provide  t he  

required  flow  rate  to  the  actuator  rod  end:  the  pump  therefore  sends  to  

this  end  a  considerable  flow  of  fluid  which  is  not  required  by  the  ene rgy  

25  balance  of  the  manoeuvre,   with  a  consequent  useless  dissipation  of  power .  

Tne  object  of  the  present   invention  is  that  of  obviating  the  above-  

mentioned  disadvantage,   avoiding  unnecessary  demands  for  fluid  flow  f r o m  

the  pump  in  the  said  conditions  or  in  similar  operating  condi t ions .  

30 

With  a  view  to  achieving  this  object,  the  subject  of  the  present  invent ion  

is  a  hydraulic  circuit  of  the  type  initially  defined,  character ised  by  t h e  

fact  that  at  least  one  of  the  hydraulic  actuators  has  associated  t h e r e w i t h  
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a  fluid  flow  recovery  device  including  at  least  one  recovery  line  which 

in terconnects   the  actuator   discharge,  upstream  of  the  associated  dis-  

tributor  valve  with  respect  to  the  discharge  flow,  to  the  delivery  of  t h e  

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

d i s t r i b u t o r   valve,   the  said  fluid  flow  r e c o v e r y   line  including  a 

unidirectional  valve  operable  to  allow  the  passage  of  fluid  only  from  t h e  

discharge  towards  the  delivery  of  the  ac tuator   to  obtain  an  add i t iona l  

closure  pressure  on  the  spool  of  the  c o m p e n s a t o r .  

Thanks  to  this  idea  unnecessary  demands  on  the  pump  capacity  in  t h e  

previously  described  conditions  are  cancelled  out  thanks  to  the  closure  of 

the  compensator   which  isolates  the  pump  from  the  distributor  and  t h e  

associated  a c t u a t o r .  

Moreover,  with  the  a r rangements   according  to  the  invention  the  a d v a n t a g e  

is  obtained  that,  in  the  case  of  lowering  of  a  load,  the  output  to  t h e  

actuator   rod  end  of  the  actuator   cylinder  is  provided  by  the  flow  of  f luid 

leaving  the  base  end  which  is  divided  between  the  discharge  c ros s - sec t ion  

and  the  delivery  cross-section  of  the  distr ibutor.   By  suitably  dimensioning 

these  areas  it  is  possible  to  avoid  the  need  for  an  an t i -cav i ta t ion   valve  on 

the  rod  end  of  the  actuator  cy l inder .  

Naturally,   the  preceding  considerations  can  be  applied  to  the  case  in 

which  the  operating  conditions  of  the  linear  ac tuator   are  reversed  w i th  

respect  to  what  has  been  described  above  with  re ference   to  the  lower ing  

of  a  negative  load  by  the  lifting  arm  of  an  excavator .   For  example,  in 

the  case  of  the  linear  ac tuator   for  control  of  the  penetra t ion  of  t h e  

excavating  tool  of  an  excavator ,   the  invention  permits   the  unnecessa ry  

requirements   for  output  of  the  "load-sensing"  pump  towards  the  base  end 

of  the  actuator   cylinder.  In  this  ca se ,however , i t   is  not  in  general  poss ible  

to  eliminate  the  need  for  an"  an t i -cavi ta t ion   va lve .  

Further,   the  invention  can  provide  a  double  configuration  ,  when  
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necessary,   by  providing  the  fluid  flow  recovery  device  with  two  r e c o v e r y  
lines  in  parallel  for  the  purpose  of  obtaining  the  above-described  effect   in 

both  directions  of  operat ion  of  the  corresponding  linear  a c t u a t o r .  

5  Moreover,   the  recovery  device  according  to  the  invention  is  equa l ly  

applicable,   in  a  double  configurat ion  with  two  recovery  lines,  to  one  or  

more  of  the  rotary  hydraulic  a c t u a t o r s .  

The  invention  will  now  be  described  in  detail  with  reference  to  t h e  

10  a t t ached   drawings,  provided  purely  by  way  of  non-l imitat ive  example,  in 

wh ich :  

Figure  1  is  a  hydraulic  control  circuit  diagram  according  to  t h e  

inven t ion ;  

15  Figure  2  is  a  "simplified  d iagrammat ic   view  on  an  enlarged  scale  of 

a  part   of  the  circuit  of  Figure  1; 

Figure  3  is  a  first  variant   of  Figure  2; 

Figure  4  is  a  second  variant  of  Figure  2;  and 

Figure  5  is  a  simplified  d iagrammat ic   view  on  an  enlarged  scale  of 

20  another   part  of  the  circuit   of  Figure  1. 

In  Figure  1  the  essential  components   of  a  hydraulic  control  circuit  for  t he  

work ing   m e m b e r s   of  an  e a r t h - m o v i n g   m a c h i n e   are  i l l u s t r a t e d .  

25  In  the  i l lustrated  example  these  working  members  comprise  a  series  of 

linear  hydraulic  ac tua tors   1,  2,  3,  4  serving  for  the  actuation  of  t h e  

excava tor   arm  ( ra l s ing-penet ra t ion-pos i t ion ing-crowding)   and  a  series  of  

ro ta ry   hydraulic  motors  5,  6,  7  the  first  two  of  which  are  utilised  for  t h e  

t rans la t ion   manoeuvres  of  the  excavator   and  the  third  for  the  rotation  of 

30  the  excavator   a rm .  

The  linear  actuators   1-4  are  gathered  in  a  group  ,  generally  indicated  10, 

separa te   and  distinct  from  the  group,  indicated  11,  of  rotary  motors  5-7.  
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Supply  and  discharge  of  the  actuators  1-4  and  5-7  is  provided  by 

respect ive  distributor  valves  8,  9  associated  with  the  two  groups  10,11 

respect ively.   Each  distr ibutor  valve  8,  9  is  positionable  in  t h r e e  

conditions,  corresponding  respectively  to  d isplacement   in  a  first  d i r ec t ion  

of  the  associated  ac tua tor   1-7,  stopping  thereof,   and  displacement  in  a  

second  direction  opposite  the  first.  The  input-output   connections  b e t w e e n  

the  distributors  8,  9  and  the  associated  ac tua tors   1-7  are  indicated  in  t h e  

drawing  with  Ap  A7>  By. 

The  positioning  of  the  spools  of  the  distributors  8,  9  in  the  three  possible 

positions  is  obtained  thanks  to  hydraulic  control  effected  from  a  se rvo  

controlled  valve  unit,  not  i l lustrated  in  the  drawing,  including  a  series  of 

control  levers  and  pedals,  known  per  se,  which  can  be  manually  pos i t ioned  

in  different  positions  corresponding  to  the  said  conditions  of  t h e  

distributors  8,  9.  The  input-output   control  connections  between  the  se rvo  

controls  and  the  distr ibutors  8,  9  are  indicated  a^,  bj  a^,  b^.  

Supply  to  the  distr ibutors  8,  9  (and  therefore  to  the  working  members  1-7) 

and  to  the  servo  controls,  is  obtained  in  the  case  of  the  i l l u s t r a t ed  

example   by  means  of  two  s e p a r a t e   h y d r a u l i c   pumps  12,  13.  

The  pump  12  is  provided  with  a  "load-sensing"  control  of  type  known  per  

se,  formed  by  means  of  a  control  circuit  14  by  means  of  which  the  " load 

-sensing"  pressure  signals  are  derived  by  taking  off  signals  15  from  t h e  

distributors  8  and  signals  16  from  the  distributors  9. 

Associated  with  the  distr ibutor  valves  8,  9  are  respective  c o m p e n s a t o r s  

17,  18  const i tuted  by  normally  open  two-way  spool  valves  inserted  in  t h e  

delivery  line  19  of  the  pump  12  between  this  lat ter   and  the  a s soc ia t ed  

distributor  valves  8,  9.  The  compensators  17,  18,  which  will  be  r e t u r n e d  

to  below,  have,  in  a  manner  known  per  se,  the  function  of  main ta in ing  

during  operation  the  difference  between  the  pressure  delivered  by  t h e  

pump  12  and  that  in  the  working  members  1-7  substantially  constant  fo r  
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the  purpose  of  ensuring  the  simultaneity  of  the  various  possible  working  

movements   of  the  machine  independently  of  the  controlled  loads.  The 

hydraulic  servo  control  devices  are  fed  by  the  pump  13  under  the  c o n t r o l  

of  a  maximum  pressure  valve  20.  Associated  with  this  maximum  p r e s s u r e  
valve  is  a  valve  device,   generally  indicated  21,  the  function  of  which  is 

that  of  prevent ing  the  hydraulic  circuit  from  being  able  to  find  itself  in 

sa turat ion  conditions.   The  ways  in  which  the  depressur isat ion  valve  uni t  

21  can  opera te   are  described  and  i l lustrated  in  European  P a t e n t  

Application  No.  85830286.2  by  the  same  app l i can t .  

The  rotary  hydraulic  motors  5,  6  and  7  are  associated  with  braking  va lve  

means  control led  by  the  pressure  in  the  delivery  duct  19  and  p r e a r r a n g e d  

to  vary  the  discharge  resis tance  of  the  motors  in  dependence  on  t h e  

pressure  existing  in  the  supply  duct.  These  braking  valve  means  a r e  

const i tu ted,   in  a  manner  known  per  se  from  Italian  Patent   Application  No.  

67086-A/86  and  from  corresponding  European  Patent   Application  No. 

86830260.5,.   by  a  s i r ^ e   cxmterbalanced  '.  controlled  valve  22  inserted  in  a  

discharge  duct  23  which  is  common  to  the  three  distributors  9  and 

subjected  to  the  action  of  a  control  pressure  coming  from  the  pump  13 

through  a  pressure  limiting  unit  ,  generally  indicated  24.  This  c o n t r o l  

pressure  signal,  which  corresponds  to  the  lowest  supply  pressure  of  t h e  

rotary  ac tua tors   5-7,  could  a l ternat ively  be  derived  from  a  selector  va lve  

logic  system  in  a  manner  known  from  the  above-ment ioned  P a t e n t  

d o c u m e n t s .  

According  to  the  invention,  one  or  more  of  the  ac tua tors   1-7  can  be 

associated  with  a  fluid  flow  recovery  device  operat ively  cooperating  w i th  

the  corresponding  compensators   17,  18  to  avoid  unnecessary  demands  f o r  

deiivery  from  the  pump  12  in  certain  operating  condi t ions .  

Embodiments   of  these  fluid-flow  recovery  devices  are  i l lustrated  in  more  

detail  in  Figures  2-5.  
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Figure  2  relates  to  the  application  of  the  fluid-flow  recovery  dev ice ,  

generally  indicated  25,  to  the  linear  hydraulic  actuator  1  provided  for  

raising  and  lowering  the  excavator   arm.  Figure  2  shows  in  simplified  and 

d iagrammat ic   form  the  delivery  circuit  from  the  pump  12  and  discharge  to  

5  a  reservoir  26  of  the  linear  ac tuator   1  in  the  position  of  the  a s soc i a t ed  

distributor  valve  8  corresponding  to  lowering  of  a  load.  In  this  Figure  t he  

distributor  valve  8  has  been  omitted  for  simplicity  and  its  r e p r e s e n t a t i o n  

replaced  by  two  schematic  representa t ions   8a,  8b  of  the  a s soc i a t ed  

delivery  sections  ("meter-in"  area)  and  discharge  sections  ( " m e t e r - o u t "  

10  area)  respect ively  through  a  delivery  line  27  and  a  discharge  line  28.  As 

is  seen,  in  the  said  operating  conditions  the  liquid  under  pressure  coming  

from  the  pump  12  is  supplied  to  the  cylinder  la  of  the  linear  actuator  1 

on  the  side  of  the  rod  lb,  whilst  the  opposite  end  lc  of  the  cylinder  la  is 

connected  to  the  d i scharge .  
15 

The  compensator   17,  which  is  inserted  in  the  duct  19  between  the  pump 
12  and  the  distributor  valve  8  ,  is  const i tuted  by  a  normally  open 

two-position  and  two-way  spool  valve  29  having  a  side  29a  subjected  to  an  

opening  pressure  coming  from  the  linear  ac tuator   1  through  a  line  30  as  
20  well  as  to  the  action  of  a  biasing  spring  31,  and  an  opposite  side  29b 

subjected  to  a  closure  pressure  coming  from  the  input  of  the  d i s t r ibu to r  

valve  8  through  a  line  32.  Between  the  compensator  17  and  t h e  

d i s t r i b u t o r   valve  8  t he re   is  disposed  a  n o n - r e t u r n   valve  3 3 .  

2-5  The  fluid  flow  recovery  device  25  includes,  in  the  case  of  Figure  2,  a  

recovery  line  34  which  in terconnects   the  discharge  28  from  the  base  end 

lc  of  the  actuator  1,  upstream  of  the  discharge  section  8b  of  t h e  

distributor  valve  8  with  respect   to  the  discharge  flow,  and  the  delivery  27 

to  the  rod  end  lb  of  the  actuator   1,  upstream  of  the  delivery  section  8a  
30  of  the  distributor  valve  with  respect  to  the  delivery  flow.  In  the  r e c o v e r y  

line  34  there  are  inserted  a  unidirectional  valve  35  operable  to  allow  t h e  

passage  of  fluid  only  from  the  discharge  28  towards  the  delivery  27  of  t h e  

actuator   1,  and  a  calibrated  thrott le   36  for  control  of  the  fluid  f low.  
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In  the  operating  conditions  described  above  with  re ference   to  Figure  2, 

during  a  lowering  movement   of  a  load,  the  load  on  the  base  end  lc  of  t h e  

ac tua to r   1  generates   a  pressure  (of  the  order  of  250  bar)  very  much  

g rea te r   than  that  sent  to  the  rod  end  lb  so  that  the  pump  must  no rmal ly  

5  send  to  this  side  a  considerable  flow  of  fluid  which  is  not  required  by  t he  

energy  balance  of  the  manoeuvre.   The  presence  of  the  fluid  f low 

recovery  device  25  according  to  the  invention  in  pract ice  cancels  out  th is  

r equ i r emen t   for  fluid  flow  from  the  pump  12  in  that  the  pressure  ac t ing  

on  the  base  end  lc  of  the  actuator   1  is  t ransmit ted   through  the  r e c o v e r y  
10  line  34  to  a  point  upstream  of  the  delivery  section  8a  of  the  d i s t r ibu to r  

valve  8.  This  pressure  then  acts  through  the  line  32  on  the  side  29b  of 

the  spool  29  of  the  compensator   17,  with  a  value  significantly  g r e a t e r  

than  that   acting  on  the  side  29a  and  corresponding  to  the  pressure  on  t h e  

rod  end  lb  of  the  actuator   1  and  the  load  of  the  spring  31.  Consequent ly  
15  the  spool  29  of  the  compensator   17  is  moved  to  the  closure  pos i t ion  

b l o c k i n g   the  r e q u i r e m e n t   for  fluid  flow  from  the  pump  12. 

In  the  case  of  Figure  3  the  line  32  is  connected  upstream  of  t he  

unid i rec t ional   valve  33  with  respect   to  the  delivery  flow.  However,  th is  

20  line  32  could  a l ternat ively   be  connected  downstream  of  the  valve  33,  as  is 

i l lus t ra ted   in  the  variant  of  Figure  3  in  which  the  same  r e f e r e n c e  

numerals   as  in  Figure  2  have  been  u t i l i sed .  

The  var iant   of  Figure  4  shows  the  application  of  the  flow  rate  r e cove ry  
25  device  25  according  to  the  invention  to  the  case  in  which  the  l inear  

ac tua to r   1  is  in  discharge  through  the  discharge  section  8b  of  t he  

d is t r ibutor   valve  8  from  the  rod  end  lb  and  in  delivery  from  the  base  end 

lc  through  the  delivery  section  8a  of  the  distributor  valve  8.  The  c i r c u i t  

conf igura t ion   and  the  manner  of  operation  are  entirely  identical  to  those  

30  previously  described  with  re ference   to  Figure  3. 

The  recovery  device  25  can  have  a  double  configuration,   as  i l lustrated  in 

Figure  1  with  reference  to  the  linear  actuator   2,  by  utilising  two  r ecove ry  
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lines  34  in  parallel,  with  respective  non-return  valves  34  and  thrott les  36 

connected  one  to  the  line  27  and  the  other  to  the  line  28  of  the  a c t u a t o r .  

Figure  5,  in  which  the  same  reference  numerals  are  used  as  in  t h e  

5  preceding  Figures  (and  in  which  9a,  9b  indicate  respectively  the  del ivery 

sections  and  discharge  sections  of  the  distributor  valve  9)  ,  i llustrate  t h e  

application  to  a  rotary  motor  5  with  a  single  recover  line  34,  whils t  

Figure  1  shows  the  application  of  the  double  configuration  to  the  r o t a r y  

motor  6  with  two  recovery  lines  34  joined  together   in  para l le l .  

10 

The  modes  of  operation  of  the  recovery  device  25  applied  to  such 

hydraulic  motors  are  entirely  similar  to  those  described  previously  wi th  

reference   to  linear  a c t u a t o r s .  



0 2 6 2 0 9 8  

-  10  -  

CLAIMS 

1.  A  hydraulic  control  circuit   for  working  members  of  e a r t h - m o v i n g  

5  machines  including  a  pump  for  supplying  a  hydraulic  fluid  under  p re s su re  
and  a  plurality  of  reversible  hydraulic  actuators ,   in  part  linear  and  in  p a r t  

rotary,   for  the  actuation  of  associated  working  members,  each  of  which  

has  associated  therewith  a  respect ive   hydraulic  spool  valve  connected  t o  

the  delivery  and  discharge  of  associated  working  members  and  pos i t ionable  

10  with  continuous  adjustment  by  associated  control  means  into  t h r e e  

positions  corresponding  to  the  displacement  of  the  working  member  in  a  

first  direction,  stopping  thereof,   and  displacement  in  a  second  d i r ec t ion  

opposite  to  the  first,  and  pressure  compensators   of  the  "load-sensing"  t y p e  

interposed  between  the  said  supply  source  and  the  said  distributor  valves  

15  for  maintaining  substantially  constant   the  difference  between  the  de l ive ry  

pressure  from  the  said  supply  source  and  the  pressure  of  the  working 

members ,   the  said  compensators   including  normally  open  two-way  spool 

valves  each  having  a  side  subjected  to  an  opening  pressure  coming  f r o m  

the  associated  working  member  downstream  of  the  associated  d i s t r ibu to r  

20  valve  as  well  as  the  action  of  a  biasing  spring,  and  an  opposite  side 

subjected  to  a  closure  pressure  coming  from  the  inlet  of  the  a s soc i a t ed  

dis t r ibutor   valve,  charac ter i sed   in  that  at  least  one  of  the  hydrau l ic  

ac tua to r s   (1-7)  has  associated  therewith  a  fluid-flow  recovery  device  (25) 

including  at  least  one  recovery  line  (34)  which  interconnects   the  d i scharge  

25  (28)  of  the  ac tua tor   (1-7)  upstream  of  the  associated  distributor  valve  (8,9) 

with  respect   to  the  discharge  flow,  and  the  delivery  (27)  of  the  a c t u a t o r  

(1-7)  between  the  associated  compensator   (17,18)  and  the  a s soc i a t ed  

dis t r ibutor   valve  (8,9),  the  said  fluid-flow  recovery  line  (34)  including  a 

unidirect ional   valve  (35)  operable  to  allow  the  passage  of  fluid  only  f r o m  

30  the  discharge  (28)  towards  the  delivery  (27)  of  the  actuator  (1-7)  to  ob ta in  

an  additional  closure  pressure  on  the  spool  (29)  of  the  compensator   (17, 

18) 
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2.  A  circuit  according  to  Claim  1,  charac ter i sed   in  that  the  r e cove ry  
line  (34)  further  includes  a  calibrated  throt t le   (36). 

3.  A  circuit  according  to  Claim  1  or  Claim  2,  charac te r i sed   in  t h a t  
the  or  each  fluid-flow  recovery  device  includes  two  recovery  lines  (34) 
connected  in  pa ra l l e l .  
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