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hydraulics  which  they  control,  as  in  the  closing 
phase  they  drain  out  of  the  hydraulic  circuit  a 
certain  amount  of  oil.  It  also  happens  that,  since 
the  two  valves  are  applied  symmetrically  on  the 
two  piloting  branches  of  the  distributing  valve, 
one  is  apt  to  stop  the  outlet  of  oil,  while  the  other 
allows  the  passage  of  the  flow  under  pressure.  On 
account  of  the  oil  escape,  which  is  normally 
allowed  for  these  standardized  components,  an 
uncontrolled  movement  of  the  main  slider  may 
then  take  place,  causing  the  shifting  of  the  work- 
ing  cycle.  It  should  be  pointed  out  that  this  type  of 
drawback  occurs  only  in  particular  oil  pressure 
and  temperature  conditions,  but  it  anyhow  limits 
the  stability.  It  is  also  possible  that  components 
apt  to  solve  the  aforespecified  drawbacks  may  be 
conceived  and  produced,  but  this  would  still 
weigh  negatively  upon  the  economy  of  the 
machine  and,  above  all,  it  would  mean  depending 
on  a  single  supply  source. 

f)  Finally,  the  control  systems  providing  for  the 
use  of  pump  operating  cylinders  as  distributors  of 
the  main  feeding  flow  are  apt  to  solve  well  the 
sequence  and  stability  problems,  but  only 
between  the  valve  cylinder  and  the  pumping 
cylinder  and  not  vice-versa,  whereby  it  is  always 
necessary  to  resortto  an  integrating  system  of  the 
type  of  those  cited  in  the  previous  points.  This 
system  hence  requires  non-standardized  distribu- 
tion  components  being,  as  such,  costly  and 
scarcely  reliable.  One  should  add,  furthermore, 
the  drawbacks  typical  of  integrating  systems. 

Since  all  the  oleodynamic  circuits  for  piston 
pumps,  known  up  to  date,  provide  for  a  parallel 
connection  (by-pass,  or  so-called  slave  circuit) 
between  the  two  chambers  on  the  piston  side  or 
on  the  rod  side  of  the  pumping  cylinders,  there  is 
always  need  for  a  system  to  reintegrate  the  oil 
which  from  this  circuit  escapes  to  the  sump. 
Thereby,  it  is  necessary  to  resort  to  single-acting 
valves,  positioned  next  to  the  stops  of  the  pump- 
ing  cylinder,  so  as  to  allow  a  small  transfer  of  oil 
between  the  chamber  which  is  fed  directly  and 
the  slave  circuit.  This  system  solves  well  the 
problem  of  synchronism  between  the  pumping 
cylinders,  but  it  causes  a  slight  reversal  of  motion 
when,  for  instance,  the  transfer  occurs  from  the 
minor  section  to  the  major  one,  as  the  respective 
pressures  tend  to  counterbalance  each  other. 

In  this  general  prior  art  background,  US-A- 
3327641  describes  in  particular  an  open  hydraulic 
circuit  with  automatic  sequence,  having  an  indi- 
rect  piloting  system  for  the  control  of  reciprocat- 
ing  piston  pumps,  of  the  type  fed  by  a  single 
working  fluid,  comprising  two  pumping  cylinders, 
two  cylinders  for  the  control  of  a  deviating  valve, 
through  which  the  pumping  cylinders  are  alter- 
nately  placed  in  communication  with  a  delivery 
pipe  and  with  a  charging  hopper,  and  hydraulic 
valves  for  controlling  the  direction  of  movement 
of  the  pistons  in  said  cylinders.  In  this  circuit  the 
auxiliary  valves  acting  as  relay  are  energized  in 
function  of  a  pressure  of  the  working  fluid  in  the 
pumping  cylinders  which  is  higher  than  the  nor- 
mal  working  pressure.  In  fact,  in  US-A-3327641, 

Description 

The  present  invention  concerns  an  open 
hydraulic  circuit  with  automatic  sequence,  having 
an  indirect  piloting  system  for  the  control  of  5 
reciprocating  piston  pumps,  particularly  of  con- 
crete  pumps,  of  the  type  comprising  two  cylinders 
for  pumping  the  material  and  two  cylinders  for 
the  control  of  a  valve  deviating  said  material  in 
synchronism  with  the  pumping  cylinders.  w 

For  the  control  of  concrete  pump  cylinders,  the 
use  of  oleodynamic  circuits  with  automatic 
sequence  has  been  adopted  for  quite  some  time. 
There  are  known  to  be: 

a)  control  systems  by  electric  stops;  15 
b)  control  systems  by  hydraulic  stops; 
c)  composite  electric-hydraulic  systems; 
d)  time  control  systems; 
e)  control  systems  by  means  of  single-acting 

piloted  valves;  20 
f)  control  systems  wherein  the  pump  operating 

cylinders  perform  the  function  of  distributor. 
All  these  systems  are  apt  to  provide  the  pump 

control  oleodynamic  circuit  with  an  automatic 
sequence,  without  however  reaching  the  degree  25 
of  reliability  required  from  machines  operating  on 
the  building  yard  and  in  extremely  hard  and 
varied  conditions,  where  the  personnel  in  charge 
is  often  scarcely  qualified  and  insensitive  to  the 
machine.  30 
Experience  has  in  fact  proved  that: 

a)  The  control  systems  by  electric  stops,  of 
various  types,  do  not  give  sufficient  guarantees  as 
far  as  mechanical  strength  and  resistance  to 
oxidation  of  the  contacts,  taking  into  account  the  35 
fact  that  they  are  generally  fed  by  low-tension 
direct  current.  Furthermore,  these  systems 
require  auxiliary  instruments  involving  higher 
costs  and,  above  all,  not  within  reach  of  the 
personnel  in  charge.  40 

b)  The  control  systems  with  hydraulic  stops 
require  control  members  (cams,  sliding  support 
rods,  and  so  on)  involving  high  costs,  which  give 
rise  to  problems  of  adjustment  and  maintenance 
and  complicate  the  oleodynamic  circuit  to  the  45 
detriment  of  reliability. 

c)  The  combined  electric-hydraulic  systems  suf- 
fer  from  the  already  stated  drawbacks,  which  are 
typical  of  single  component  systems. 

d)  The  time  control  systems,  wherein  the  cycle  so 
sequence  signal  depends  on  the  time  of  passage 
of  an  oil  flow  through  a  gauged  throttle,  involve 
the  drawback  of  having  response  times  varying 
according  to  the  flow  pressure  level  and  to 
temperature  (depending  on  the  viscosity),  55 
thereby  causing  timing  problems  in  the  oper- 
ations  between  the  valve  cylinders  and  the  pump- 
ing  cylinders,  which  determine  further  wears  of 
the  sealing  members  or  losses  in  volumetric 
efficiency.  60 

e)  The  control  systems  by  means  of  single- 
acting  piloted  valves,  of  the  commercial  type, 
have  exceedingly  long  response  times  and  inten- 
sify  the  water  hammering  phenomenon,  not  only, 
but  they  compromise  the  stability  of  the  65 
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the  other,  dependency  from  the  reaching  of  the 
ideal  end-of-stroke  position  by  the  pistons  of  said 
cylinders,  through  the  uncovery  of  holes  specially 
provided  in  correspondence  of  said  positions  on 
the  walls  of  said  cylinders. 

The  invention  will  now  be  described  in  detail, 
with  reference  to  a  particular  embodiment 
thereof,  illustrated  in  the  accompanying  draw- 
ings,  in  which: 

Fig.  1  is  a  diagram  of  the  oleodynamic  circuit 
according  to  the  invention,  in  a  first  working 
phase  thereof; 

Figs.  2  to  4  show  the  working  phases  of  the 
same  circuit,  subsequent  to  that  of  Fig.  I; 

Figs.  5  and  6  show  the  pumping  cylinder-piston 
units  of  the  circuit  of  Fig.  1,  in  two  anomalous 
working  conditions; 

Fig.  7  shows  the  circuit  of  Fig.  1,  in  the  inverted 
working  phase  which  is  occasionally  required  to 
remove  obstacles  to  the  pumping;  and 

'Figs.  8  and  9  show  the  two  working  phases  of  a 
circuit  like  that  according  to  the  previous  figures, 
integrated  with  elements  allowing  it  to  perform 
also  the  function  of  keeping  the  deviating  valve 
close  to  and  away  from  the  cylinders  during  the 
pumping  phase  and,  respectively,  during  the 
valve  displacement  phase. 

With  reference  to  Fig.  1,  the  oleodynamic  circuit 
according  to  the  invention  comprises  two 
hydraulic  pumping  cylinders  1  and  3,  to  which  are 
connected  the  pistons  34  thrusting  the  material 
(concrete);  two  hydraulic  cylinders  2  and  4  con- 
trolling  the  deviating  valve,  both  connected  to  a 
handle;  a  two-position  hydraulic  valve  5,  with 
floating  slider  for  feeding  the  two  valve  cylinders 
2  and  4;  a  two-position  hydraulic  valve  6,  with 
floating  slider  for  feeding  the  hydraulic  pumping 
cylinders  1  and  3;  a  three-position  auxiliary 
hydraulic  valve  7,  controlled  by  the  flow  under 
pressure  determined  by  the  position  of  the  deviat- 
ing  valve  and  sent,  through  pipes  21  and  22,  from 
the  cylinders  2  and  4,  said  hydraulic  valve  7  acting 
as  relay  for  piloting  the  hydraulic  valve  6;  a  three- 
position  auxiliary  hydraulic  valve  8,  controlled  by 
the  flow  under  pressure  determined  by  the  posi- 
tion  of  the  hydraulic  pumping  cylinders  and  sent, 
through  pipes  17  and  18,  from  the  cylinders  1  and 
3,  said  hydraulic  valve  8  acting  as  relay  for 
piloting  the  hydraulic  valve  5;  two  solenoid  valves 
9  and  10  (or,  where  required,  manually  controlled 
valves),  for  remote  controlling  of  the  reversal  of 
the  pumping  cycle  into  a  suction  cycle;  a  circuit 
feeding  pump  24;  a  pressure  limiting  valve  25, 
with  annexed  discharging  solenoid  valve  28,  for 
the  control  and  protection  of  the  oleodynamic 
circuit;  a  micrometric  oil  filter  27,  preferably 
positioned  on  the  return  pipe;  a  single-acting 
valve  15  on  the  supercharging  pipe  of  the  slave 
circuit;  and  a  micrometric  fluid  make  up  regulator 
14,  which  is  apt  to  guarantee  the  synchronism  of 
the  pumping  cylinders  and  allows  replacement  of 
leakage  oil. 

The  operation  of  the  circuit  is  now  described  in 
detail,  in  its  four  phases  illustrated  in  Figs.  1  to  4 
of  the  accompanying  drawings: 

the  energizing  of  the  auxiliary  valves  is  produced 
by  way  of  the  sequence  valves  292,  293,  when  the 
pressure  pressing  the  pistons  of  the  pumping 
cylinders  reaches  the  calibration  value  of  said 
sequence  valves,  due  to  the  fact  that  said 
pressure  suddenly  increases  in  the  pumping 
cylinders  (100,  101)  as  a  rule  when  said  pistons 
reach  the  end-of-stroke  position. 

This  involves  problems  for  the  proper  working 
and  the  reliability  of  the  pump  to  which  the  circuit 
is  applied. 

In  fact  with  this  circuit  it  is  by  no  means 
guaranteed  that  the  automatic  reversal  of  the 
cycle  of  the  pumping  cylinders  and  that  of  the 
valve  cylinders  coordinated  therewith,  will  posi- 
tively  take  place  when  the  cylinder  pistons  are  in 
the  end-of-stroke  position,  as  it  is  indispensable 
for  the  proper  working  of  the  pump.  It  will  in  fact 
be  sufficient  for  an  obstacle  —  for  example  the 
presence  of  a  large  stone  in  the  concrete  material 
being  pumped  —  to  obstruct  or  clog  the  delivery 
pipe  of  the  pump  (even  when  the  pumping  cylin- 
ders  are  in  an  active  position,  far  from  the  end-of- 
stroke  position),  to  cause  the  pressure  in  the 
pumping  cylinders  to  rise  sufficiently  to  deter- 
mine  the  operation  of  the  sequence  valves,  and 
thus  of  the  auxiliary  valves  acting  as  relay, 
thereby  reversing  the  stroke  of  the  pistons  and 
hence  the  whole  pump  cycle.  At  this  point,  said 
cycle  will  continue  to  reverse  itself  and  the  pump- 
ing  will  no  longer  take  place. 

The  hydraulic  circuit  according  to  the  present 
invention  proposes  and  allows  to  overcome  all 
the  heretofore  specified  drawbacks,  which  are 
typical  of  the  already  known  solutions. 

In  particular  the  circuit  according  to  the  inven- 
tion  overcomes  the  inconvenience  of  the  solution 
according  to  US-A-3327641  making  the  auxiliary 
valves  controlled  directly  by  drawing  working 
fluid  at  normal  pressure  from  holes  of  the  pump- 
ing  cylinders  or  of  valve  cylinders,  which  holes 
are  uncovered  by  the  actual  pistons  of  said 
cylinders  only  when  they  reach  the  end-of-stroke 
position,  so  to  exclude  the  inconvenience  of  the 
reversal  of  the  pumping  cycle  (which  is  possible 
only  when  the  pistons  of  the  cylinders  have 
reached  the  correct  end-of-stroke  position). 

More  precisely  the  hydraulic  circuit  according 
to  the  present  invention  is  to  such  scope  of  the 
kind  with  automatic  sequence,  having  an  indirect 
piloting  system  for  the  control  of  reciprocating 
piston  pumps,  of  the  type  fed  by  a  single  working 
fluid,  comprising  two  pumping  cylinders,  two 
cylinders  for  the  control  of  a  deviating  valve, 
through  which  the  pumping  cylinders  are  alter- 
nately  placed  in  communication  with  a  delivery 
pipe  and  with  a  charging  hopper,  and  hydraulic 
valves  for  controlling  the  direction  of  movement 
of  the  pistons  in  said  cylinders  and  is  charac- 
terized  in  that  said  hydraulic  valves  are  controlled 
by  means  of  auxiliary  hydraulic  valves,  acting  as 
relays  forming  part  of  said  circuit,  each  of  said 
auxiliary  hydraulic  valves  operating  in  con- 
sequence  of  the  direct  feeding  thereto  of  circuit 
working  fluid  by  the  two  cylinders  controlled  by 
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In  phase  I  (Fig.  1),  the  pumping  cylinder  1  has 
completed  its  outlet  stroke  slightly  in  advance  in 
respect  of  the  cylinder  3,  which  has  performed  its 
inlet  stroke.  The  piston  of  the  cylinder  1  thereby 
uncovers  the  hole  39,  allowing  the  slave  circuit  5 
(formed  by  the  two  chambers  on  the  piston  side 
of  the  cylinders  1  and  3  which  are  connected  by 
the  pipe  16  to  drain  to  the  exhaust,  through  the 
single-acting  valve  19,  the  excess  of  oil  absorbed 
during  the  stroke  while  the  piston  of  the  cylinder  10 
3,  which  is  still  moving  back  covers  the  hole  13 
and  uncovers  the  hole  38  which  is  connected  to 
the  single-acting  valve  12'.  At  the  same  time,  the 
projection  35  enter  the  seat  36,  causing  the  oil 
contained  in  the  chamber  37  to  escape  into  the  15 
pipe  16  creating  an  appropriate  resistance,  the 
value  of  which  varies  in  function  of  the  oil 
viscosity  and  of  the  piston  speed,  but  is  indepen- 
dent  from  the  pressure  which  the  system  requires 
to  overcome  the  resistance  of  the  material  to  be  20 
pumped  through  the  pistons  34.  A  pressure  is 
established  in  the  pipe  18,  having  the  higher  of 
the  values  of  the  pumping  pressure  and  of  the 
pressure  deriving  from  the  escape  of  oil  from  the 
chamber  37  to  the  pipe  16,  while  a  fall  of  pressure  25 
takes  place  in  the  pipe  17,  as  the  slave  circuit  is 
connected  to  the  exhaust  by  way  of  the  valve  19. 
Consequently,  the  slider  of  the  hydraulic  valve  8 
—  which  was  earlier  in  the  central  position,  due  to 
a  pressure  balance  between  pipes  17  and  18  and  30 
thanks  to  the  action  of  the  end  springs  —  moves 
towards  the  pipe  17.  Through  the  solenoid  valve 
9,  the  pipe  32  goes  into  pressure,  while  the  pipe 
33  discharges,  causing  change  of  position  of  the 
slider  of  the  hydraulic  valve  5.  The  oil  fed  by  the  35 
pump  24  flows  into  the  pipe  29b  (the  absorption 
by  the  pipe  20a  being  now  exhausted)  and  causes 
the  displacement  of  the  valve  cylinder  4  and  that 
of  the  valve  cylinder  2,  to  which  it  is  connected. 
This  positively  takes  place,  in  any  pressure  con-  40 
ditions  of  the  circuit,  and  even  in  pumping  situa- 
tions  where  pressures  are  close  to  zero,  in  that,  at 
the  end  of  the  stroke,  the  cylinder  always  pro- 
duces  sufficient  pressure  to  guarantee  the  pilot- 
ing  of  the  relay-hydraulic  valve  8.  45 

In  fact,  even  if  there  will  be  a  slight  oil  escape 
through  the  hole  13,  closed  by  the  piston,  said 
escape  will  never  be  such  as  to  determine  a  fall  of 
pressure  on  the  pilot  branch  18,  in  that  this  latter 
is  connected  to  the  pump  24  through  the  hole  38  so 
and  through  the  single-acting  valve  12. 

As  soon  as  the  valve  cylinders  will  have  moved 
from  the  end-of-stroke  position  (the  cylinder  4 
from  the  inlet  position  and  the  cylinder  2  from  the 
outlet  position),  the  pipe  21  will  connect  itself  to  55 
exhaust  like  the  pipe  22,  creating  the  conditions 
whereby  the  slider  of  the  hydraulic  valve  7  moves 
to  the  center,  causing  the  slider  of  the  hydraulic 
valve  6  to  remain  in  a  steady  closing  position.  The 
pumping  cylinder  3,  through  the  pipe  20a,  60 
remains  connected  to  the  pump,  parallely  to  the 
pipe  29b,  throughout  the  stroke  length  of  the 
cylinders  4  and  2  controlling  the  deviating  valve. 

One  should  take  in  due  consideration  the 
phenomenon  which  characterizes  the  starting  and  65 

stopping  of  the  cylinders  of  a  piston  pump  as  that 
described,  on  account  of  the  high  working 
speeds.  Especially  the  starting,  easily  creates  an 
unbalance  in  pressure  on  the  piloting  pipes, 
upsetting  the  synchronism  of  movement  of  the 
various  cylinders. 

The  heretofore  described  oleodynamic  circuit 
allows  to  solve  this  problem  by  adopting  the 
following  expedients: 

For  the  valve  cylinders,  a  controlled  drainage  of 
the  "by-pass"  41,  connecting  the  two  chambers 
on  the  rod  side,  is  operated  through  a  fixed 
throttle  40,  such  as  to  allow  limiting  —  in  only 
working  conditions  —  the  difference  in  pressure 
Ap  between  said  chambers,  the  one  discharging 
oil  and  the  other  absorbing  it.  It  so  happens  that 
the  pressure  wave  produced  by  the  feeding  of  the 
cylinder  4  is  transmitted,  through  the  pipe  41  ,  also 
in  the  cylinder  2,  so  as  to  guarantee  stability  to  the 
slider  of  the  hydraulic  valve  7,  connected  to  said 
cylinders  through  the  pipes  21  and  22. 

For  the  pumping  cylinders,  two  holes  13  and  38 
are  provided  in  correspondence  of  the  end-of- 
stroke  inlet  position.  The  first  hole  more  or  less 
coincides  with  the  center  of  the  piston,  which  is 
apt  to  close  the  same;  the  second  hole  is  spaced 
from  the  first  by  a  distance  such  as  to  make  sure 
that,  during  the  return  stroke  of  the  piston,  the 
first  hole  closes  upon  opening  of  the  second  hole. 
It  ensues  that  the  pressure  wave  produced  in  the 
slave  circuit  when  the  cylinders  start  off,  equally 
affects  both  piloting  pipes  17  and  18,  on  account 
of  the  fact  that  the  hole  13  will  be  closed  and  the 
hole  38  will  be  protected  by  the  single-acting 
valve  1  2.  This  is  sufficient  to  guarantee  stability  to 
the  slider  of  the  hydraulic  valve  8  in  any  working 
conditions,  even  in  the  presence  of  a  possible 
slight  oil  escape  from  the  piston  (as  already 
explained  previously). 

Always  in  connection  with  stability,  it  should  be 
added  that  the  hydraulic  valves  7  and  8,  designed 
to  process  the  signals  issued  from  the  cylinders, 
are  apt  to  guarantee  stability  to  the  slider  of  the 
respective  main  hydraulic  valves  6  and  5,  in  any 
pressure  conditions  of  the  hydraulic  circuit  and  in 
any  intermediate  position  of  the  cylinder  pistons. 
This  means  that  the  change  of  situation  occurs 
only  when  each  of  the  cylinders  1  to  4  has  reached 
its  end-of-stroke  position.  We  shall  now  consider 
the  operating  phase  II,  illustrated  in  Fig.  2: 

The  cylinder  4  of  the  deviating  valve  has 
reached  the  end-of-stroke  outlet  position.  Simul- 
taneously,  a  difference  in  pressure  Ap  is  estab- 
lished  between  the  pipe  22  and  the  pipe  21, 
having  a  value  which  varies  according  to  the 
resistance  opposed  by  the  deviating  valve,  and 
which  is  anyhow  such  that  the  relay-hydraulic 
valve  7  moves  from  the  central  position,  taken  up 
during  the  stroke,  to  the  end  position.  The  pipe  31 
goes  into  pressure,  while  the  pipe  30  discharges, 
thereby  causing  the  main  hydraulic  valve  6  to  take 
up  a  new  position.  The  oil  placed  in  circulation  by 
the  pump  flows  into  the  pipe  20b,  the  absorption 
by  the  pipe  29b  being  now  exhausted,  and  the 
pumping  cylinders  will  thus  start  a  new  stroke.  On 
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easily  found  at  limited  costs.  Furthermore,  it 
works  with  an  automatic  sequence  of  the  various 
phases  and  it  can  thus  be  stopped  and  started 
again  without  any  preferential  positions.  If,  for 

5  any  special  reasons  (which  are  obviously  not 
analysed  herein),  the  pumping  cylinders  should 
miss  the  synchronism,  due  to  excess  or  want  of 
oil  in  the  slave  circuit,  it  is  not  necessary  to  resort 
to  expedients  or  supplementary  operations,  as 

10  the  circuit  self-synchronizes. 
To  be  convinced  of  this,  it  will  be  sufficient  to 

consider,  for  example,  the  case  in  which  an 
excess  of  oil  is  present  in  the  slave  circuit,  as 
illustrated  in  Fig.  5:  the  cylinder  3  ends  its  outlet 

15  stroke  somewhat  in  advance  in  respect  of  the 
cylinder  1.  Since  the  sequence  signal  is  produced 
at  the  end  of  the  inlet  stroke,  the  excess  of  oil  is 
eliminated  through  the  single-acting  valve  19  and 
the  cylinders  return  at  once  in  synchronism. 

20  Whereas,  if  there  should  be  lack  of  oil  in  the 
slave  circuit,  as  shown  in  Fig.  6,  things  proceed  as 
follows:  the  cylinder  1  ends  its  inlet  stroke  in 
advance  in  respect  of  the  outgoing  cylinder  3,  and 
produces  the  sequence  signal;  the  cylinder  3  in 

25  turn  performs  its  inlet  stroke  and  the  cylinder  1  its 
outlet  stroke,  and  so  on.  The  two  pumping  cylin- 
ders  will  gradually  perform  longer  and  longer 
strokes  as,  in  the  slave  circuit,  a  predetermined 
amount  of  oil  continually  flows  through  the 

30  capacity  regulator  14,  up  to  reaching  the  full 
stroke. 

In  both  cases,  therefore,  the  circuit  is  apt  to 
overcome  the  temporary  unbalances  and  starts  to 
work  again  regularly. 

35  In  concrete  pumps,  it  is  fairly  often  required  to 
change  over  from  the  delivery  cycle  to  the  suction 
cycle,  when  plugs  of  material  blocking  the  flow 
are  formed  inside  the  piping. 

These  situations  are  mostly  solved  by  resorting 
40  to  a  temporary  backflow,  that  is,  by  returning  the 

concrete  from  the  piping  towards  the  charging 
hopper,  thereby  disintegrating  that  part  of 
material  which  had  caused  the  plugging  up. 

With  the  circuit  according  to  the  present  inven- 
45  tion,  this  operation  is  carried  out  by  acting  on  the 

solenoid  valves  9  and  10,  exciting  them  for  the 
length  of  time  required  to  remove  the  obstacle. 

Figure  7  shows  a  phase  of  the  suction  cycle 
referring  to  a  previous  situation,  as  that  of  Fig.  4. 

so  If  at  any  time  of  the  pumping  cycle,  the 
solenoids  of  the  valves  9  and  10  are  put  under 
tension,  the  situation  on  the  hydraulic  valve  7 
changes  and,  accordingly,  the  pipe  31  passes 
from  the  exhaust  condition  to  the  pressure  condi- 

55  tion,  and  the  opposite  occurs  to  the  pipe  30;  the 
hydraulic  valve  6  changes  position,  causing  the 
pipe  20b  to  go  into  pressure  and  the  pipe  20a  to 
discharge,  the  pumping  cylinders  1  and  3  revers- 
ing  at  once  their  direction  of  movement;  nothing 

eo  changes  on  instead  the  hydraulic  valve  8  which, 
finding  itself  with  a  closed  center,  does  not 
interfere  on  the  situation  of  the  hydraulic  valve  5 
which  controls  the  deviating  valve.  When  the 
cylinder  1  completes  its  stroke,  it  causes  the 

65  hydraulic  valve  8  to  take  up  a  new  position,  which 

starting,  the  slider  of  the  relay-hydraulic  valve  8 
moves  from  the  outer  position  to  the  central 
position,  holding  in  a  steady  position  the 
hydraulic  valve  5,  which  will  keep  the  pipe  29b 
connected  to  the  pump.  It  can  easily  be  under- 
stood  that,  during  the  full  stroke  of  the  pumping 
cylinders,  the  hydraulic  valve  8  will  hold  the 
central  position,  while  the  hydraulic  valve  7  will 
hold  the  external  position  finally  taken  up  or,  at 
the  most,  in  the  event  of  the  pressure  in  the 
system  being  very  low,  it  will  take  up  the  central 
position. 

At  this  point,  phase  III  starts,  as  illustrated  in 
Fig.  3. 

As  a  result  of  the  supercharging  of  the  slave 
circuit,  the  cylinder  3  completes  its  stroke  slightly 
in  advance  in  respect  of  the  cylinder  1  and,  in  this 
situation,  all  the  piloting  conditions  already 
examined  in  phase  I  are  reproduced.  The  relay- 
hydraulic  valve  8  moves  from  the  central  position 
to  the  outer  position  and,  consequently,  the 
hydraulic  valve  5  changes  position,  causing  the 
pipe  29a  to  go  into  pressure  and  the  pipe  29b  to 
discharge.  The  cylinder  2  starts  its  stroke,  which 
causes  the  deviating  valve  to  take  up  a  new 
position.  As  soon  as  this  stroke  has  started,  the 
slider  of  the  reiay-hydraulic  valve  7  takes  up  the 
central  position,  keeping  the  hydraulic  valve  6, 
which  controls  the  pumping  cylinders  in  a  steady 
closed  position.  At  the  same  time,  the  relay- 
hydraulic  valve  8  holds  the  final  taken  up  position 
or,  at  the  most,  in  the  event  of  the  pressure  in  the 
system  being  very  low,  it  takes  up  the  central 
position. 

Phase  IV,  which  is  the  last  phase  of  the  cycle,  is 
illustrated  in  Fig.  4: 

The  cylinder  2,  in  completing  its  stroke,  puts 
under  pressure  the  pipe  21  producing,  in  any 
pressure  conditions,  a  difference  in  pressure  Ap 
between  the  two  branches  21  and  22,  so  that  the 
hydraulic  valve  7  moves  from  the  central  position 
(taken  up  during  the  intermediate  part  of  the 
stroke)  to  the  outer  position.  Consequently,  the 
hydraulic  valve  6  takes  up  a  new  position 
whereby  the  pump  24,  having  stopped  feeding 
the  cylinder  2,  starts  to  feed  the  cylinder  3  through 
the  pipe  20a.  The  starting-off  of  cylinder  3  repro- 
duces  all  the  conditions  already  illustrated  in  Fig. 
1,  whereby  the  slider  of  the  relay-hydraulic  valve 
8  moves  from  the  last  external  position  taken  up, 
to  the  central  position,  guaranteeing  stability  to 
the  hydraulic  valve  5  which  controls  the  cylinders 
of  the  deviating  valve. 

At  the  end  of  phase  IV,  the  situation  already 
analysed  in  Fig.  1  will  arise  again  and  the  pump- 
ing  cycle,  intended  as  time  interval  between  a 
specific  position  of  a  pumping  cylinder  and  the 
following  position,  will  be  completed. 

An  oleodynamic  circuit  as  that  described 
guarantees  for  each  cylinder  movement  to  take 
place  only  if  the  previous  movement  has  been 
accomplished;  it  operates  at  a  regular  rate  and 
keeps  the  synchronism  in  each  situation;  as  well 
as  being  realized  with  standardized  components 
(cylinders  excluded),  which  have  the  merit  to  be 
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will  cause  the  switching  of  the  deviating  valve.  In 
the  event  that  the  excitation  of  the  solenoid  valves 
9  and  10  should  coincide  with  the  situation  of  Fig. 
3,  one  would  obtain  a  prompt  reversal  of  the 
deviating  valve,  while  the  pumping  cylinders  5 
would  instead  remain  at  a  standstill  up  to  comple- 
tion  of  the  stroke  of  the  cylinders  controlling  the 
valve.  The  situations  already  analysed  in  Figs.  1  to 
4  would  in  any  case  reproduce  themselves, 
whereby  the  automatic  sequence  control  would  w 
anyhow  be  guaranteed. 

Concrete  pumps  of  the  type  with  reciprocating 
pistons  normally  perform  two  functions:  pump- 
ing  and  switching  of  the  valve,  as  seen  so  far. 

In  particular  applications,  where  a  constant  is 
adherence  between  the  sealing  parts,  even  in  the 
presence  of  wears,  has  to  be  guaranteed,  a  third 
function  can  be  provided  to  complete  the  first 
two,  namely  that  allowing  to  bring  the  deviating 
valve  adherent  to  the  pumping  cylinders,  when  20 
these  latter  are  working,  and  to  keep  it  instead 
slightly  apart  (it  may  even  be  enough  to  simply 
eliminate  the  coupling  force)  when  having  to 
move  from  one  cylinder  to  the  other. 

Without  specifically  discussing  herein  the  25 
advantages  obtained  with  the  third  function,  we 
shall  simply  point  out  how  the  circuit  according  to 
the  present  invention  is  apt  to  accomplish  this 
task  if  it  is  integrated  with  as  few  additional 
elements.  30 

One  should  consider  Fig.  8,  which  illustrates  a 
phase  of  the  cycle  wherein  the  pumping  cylinders 
have  ended  their  stroke.  Through  the  hole  38,  the 
cylinder  3  puts  simultaneously  under  pressure  the 
pipes  18  and  43,  while  the  slave  circuit  is  already  35 
at  the  exhaust  by  way  of  the  single-acting  valve 
19.  The  flow  under  pressure  simultaneously 
affects  the  pipes  44  and  45,  which  connect  the 
opposite  ends  of  the  slider  of  the  hydraulic  valve 
46.  However,  since  the  flow  entering  the  pipe  44  40 
has  to  cross  the  throttle  50,  and  since  it  is 
furthermore  connected  to  the  pipe  16,  which  is  at 
this  moment  positioned  in  exhaust,  there  will  no 
doubt  be  a  difference  in  pressure  Ap  between  the 
pipes  44  and  45,  such  as  to  overcome  the  oppos-  45 
ing  force  of  the  positioning  spring  provided  on 
the  hydraulic  valve  46.  As  a  result,  also  the  pipe  47 
will  be  put  under  pressure,  in  parallel  with  the 
pipes  18  and  43,  while  the  pipe  48  will  be  affected 
by  an  induced  pressure  (in  that  it  is  closed)  as  a  50 
result  of  which,  owing  to  the  compressibility  of 
the  oil  and  to  the  elasticity  of  the  means,  the 
piston  of  the  cylinder  49  will  move  to  a  slight 
extent  from  right  to  left,  causing  the  desired 
separation  between  the  valve  and  the  pumping  55 
cylinders. 

This  situation  will  last  throughout  the  length  of 
movement  of  the  deviating  valve,  that  is,  up  to 
when  a  new  sequence  signal  appears. 

Figure  9  illustrates  the  phase  which  follows  the  60 
one  heretofore  described;  in  this  latter,  the 
cylinder  of  the  valve  4  has  performed  its  stroke 
and  created  the  conditions  for  the  starting  of  the 
pumping  cylinder  1. 

At  this  point,  the  pipe  20b  goes  into  pressure  65 

simultaneously  with  the  slave  circuit  of  the  pump- 
ing  cylinders,  whereupon  also  the  pipes  44  and  45 
have  the  same  pressure.  The  positioning  spring  of 
the  hydraulic  valve  46  acts  so  as  to  drain  the  pipe 
45  into  the  pipe  44  through  the  throttle  50, 
whereby  the  pipe  48  goes  into  pressure  and  the 
pipe  47  discharges.  The  cylinder  49  then  moves 
from  left  to  right,  so  performing  the  pulling 
function  (forced  drawing  of  the  valve  close  to  the 
pumping  cylinder). 

It  should  be  underlined  that  the  cylinder  49, 
when  working  in  the  pulling  sense  (T),  has  no 
stroke  limitation,  which  means  that  it  can  recover 
with  time  the  slack  produced  by  wear,  whereas 
when  working  in  the  parting  sense  (S),  it  has 
stroke  limitations,  in  that  the  possible  stroke  is 
that  deriving  from  the  yielding  of  the  seals  on  the 
piston  and  from  the  compressibility  of  the 
hydraulic  fluid.  Furthermore,  the  amount  of  oil 
required  for  this  function  is  low  comparatively  to 
that  placed  in  circulation  in  the  hydraulic  system, 
and  namely  such  as  not  to  cause  perceptible 
delays  in  the  piloting  system. 

Claims 

1.  Open  hydraulic  circuit  with  automatic 
sequence,  having  an  indirect  piloting  system  for 
the  control  of  reciprocating  piston  pumps,  of  the 
type  fed  by  a  single  working  fluid,  comprising  two 
pumping  cylinders  (1,  3),  two  cylinders  (2,  4)  for 
the  control  of  a  deviating  valve,  through  which 
the  pumping  cylinders  (1,3)  are  alternately  placed 
in  communication  with  a  delivery  pipe  and  with  a 
charging  hopper,  and  hydraulic  valves  (6,  5)  for 
controlling  the  direction  of  movement  of  the 
pistons  in  said  cylinders  (1,  3;  2,  4),  characterized 
in  that  said  hydraulic  valves  (6,  5)  are  controlled 
by  means  of  auxiliary  hydraulic  valves  (7,  8), 
acting  as  relays  forming  part  of  said  circuit,  each 
(8;  7)  of  said  auxiliary  hydraulic  valves  operating 
in  consequence  of  the  direct  feeding  thereto  of 
circuit  working  fluid  by  the  two  cylinders  (1,  3;  2, 
4)  controlled  by  the  other  (7;  8),  dependently  from 
the  reaching  of  the  ideal  end-of-stroke  position  by 
the  pistons  of  said  cylinders,  through  the  un- 
covery  of  holes  specially  provided  in  corre- 
spondence  of  said  positions  on  the  walls  of  said 
cylinders. 

,  2.  A  hydraulic  circuit  as  in  claim  1,  wherein  the 
pumping  cylinders  are  provided  with  slowing- 
down  means  in  correspondence  of  the  return 
stroke  stop. 

3.  A  hydraulic  circuit  as  in  claim  1,  wherein  the 
pumping  cylinders  comprise  two  signal  taps,  to 
obtain  stability  of  the  system  when  they  start  off. 

4.  A  hydraulic  circuit  as  in  claim  3,  wherein  each 
of  the  pistons  of  the  pumping  cylinders  performs 
the  function  of  distributor  in  respect  of  the  signal 
taps,  at  the  end  of  the  return  stroke. 

5.  A  hydraulic  circuit  as  in  claims  1  to  4, 
comprising  a  micrometric  flow  regulator, 
designed  to  supercharge  a  slave  circuit. 

6.  A  hydraulic  circuit  as  in  claims  1  to  5,  wherein 
the  cylinders  for  the  control  of  the  deviating  valve 



EP  0  167  635  B1 12 11 
em,  wodurch  das  Ausweichventil  dazu  veranlalSt 
wird,  an  den  Pumpzylindem  zu  bleiben  oder  aber 
wiederum  von  den  Pumpzylindem  wegzubleiben. 

5  Revendications 

1.  Circuit  hydraulique  ouvert  a  sequence  auto- 
matique,  ayant  un  systeme  de  pilotage  indirect 
pour  la  commande  de  pompes  a  piston  altematif, 

jo  du  type  alimente  par  un  seul  fluide  de  travail, 
comprenant  deux  cyiindres  de  pompage  (1,  3), 
deux  cyiindres  (2,  4)  destines  a  la  commande  d'un 
distributeur  de  deviation  grace  auquel  les  cyiin- 
dres  de  pompage  (1,  3)  sont  mis  en  alternance  en 

15  communication  avec  une  tuyauterie  de  distribu- 
tion  et  avec  une  tremie  de  chargement,  et  des 
distributeurs  hydrauliques  (6,  5)  destines  a  regler 
le  sens  de  deplacement  des  pistons  dans  les 
cyiindres  (1,  3;  2,4),  caracterise  en  ce  que  les 

20  distributeurs  hydrauliques  (6,  5)  sont  commandes 
par  des  distributeurs  hydrauliques  auxiliaires  (7, 
8)  agissant  comme  relais  faisant  partie  dudit 
circuit,  chacun  des  distributeurs  hydrauliques 
auxiliaires  (8;  7)  travaillant  a  la  suite  de  la  trans- 

25  mission  directe  du  fluide  de  travail  du  circuit  par 
les  deux  cyiindres  (1,3;  2,4)  sous  la  commande  de 
I'autre  distributeur  (7;  8),  selon  que  la  position 
ideale  de  fin  de  course  a  ete  atteinte  par  les 
pistons  dans  les  cyiindres,  comme  determine  par 

30  le  degagement  de  trous  disposes  specialement  a 
des  emplacements  correspondant  auxdites  posi- 
tions  sur  les  parois  des  cyiindres. 

2.  Circuit  hydraulique  selon  la  revendication  1, 
dans  lequel  les  cyiindres  de  pompage  comportent 

35  un  dispositif  de  ralentissement  correspondant  a  la 
butee  de  la  course  de  retour. 

3.  Circuit  hydraulique  selon  la  revendication  1, 
dans  lequel  les  cyiindres  de  pompage  comportent 
deux  prises  de  signaux  destinees  a  donner  de  la 

40  stabilite  au  systeme  lorsqu'ils  commencent  a 
fonctionner. 

4.  Circuit  hydraulique  selon  la  revendication  3, 
dans  lequel  chacun  des  pistons  des  cyiindres  de 
pompage  remplit  la  fonction  d'un  repartiteur  des 

45  prises  de  signaux,  a  la  fin  de  la  course  de  retour. 
5.  Circuit  hydraulique  selon  les  revendications  1 

a  4,  comprenant  un  regulateur  micrometrique  de 
debit  destine  a  assurer  la  suralimentation  d'un 
circuit  asservi. 

50  6.  Circuit  hydraulique  selon  les  revendications  1 
a  5,  dans  lequel  les  cyiindres  de  commande  du 
distributeur  de  deviaton  sont  connectes,  du  cote 
de  leur  tige,  par  un  circuit  en  parallele  (derivation) 
qui  est  lui-meme  connecte  a  I'evacuation  par  un 

55  etranglement  fixe. 
7.  Circuit  hydraulique  selon  I'une  quelconque 

des  revendications  1  a  6,  dans  lequel  les  signaux 
preleves  au  niveau  des  prises  de  signaux  des 
cyiindres  de  pompage  commandent  les  deplace- 

60  ments  du  distributeur  de  deviation  si  bien  que  le 
distributeur  de  deviation  est  mis  a  un  etat  d'adhe- 
rence  aux  cyiindres  de  pompage  ou  au  contraire 
de  maintien  a  distance  des  cyiindres  de  pompage. 

are  connected  on  their  rod  side  by  a  parallel 
circuit  (by-pass),  which  is  in  turn  connected  to  the 
exhaust  by  means  of  a  fixed  throttle. 

7.  A  hydraulic  circuit  as  in  claims  1  to  6,  wherein 
the  signals  picked  up  at  said  signal  taps  of  the 
pumping  cylinders  control  the  movements  of  the 
deviating  vaive  whereby  said  deviating  valve  is 
caused  to  adhere  to  or,  in  turn,  to  stay  apart  from 
said  pumping  cylinders. 

Patentanspriiche 

1.  Offener  hydraulischer  Kreislauf  mit  automati- 
scher  Abfolge,  mit  einem  indirekten  Piiotsystem 
fur  die  Steuerung  sich  hin-  und  herbewegender 
Kolbenpumpen,  von  der  Art,  die  mit  einem  einzi- 
gen  Arbeitsfluid  gespeist  werden,  mit  zwei  Pump- 
zylindem  (1,  3),  zwei  Zylindern  (2,  4)  fur  die 
Steuerung  eines  Ausweichventils,  durch  das  die 
Pumpzylinder  (1,  3)  alternierend  in  Kommunika- 
tion  mit  einem  Zufuhrrohr  und  mit  einem  Ladet- 
richter  gebracht  werden,  und  hydraulischen  Ven- 
tilen  (6,  5)  zum  Steuern  der  Richtung  der  Bewe- 
gung  der  Kolben  in  den  Zylindern  (1,  3;  2,  4), 
dadurch  gekennzeichnet,  daB  die  hydraulischen 
Ventile  (6,  5)  mittels  hydraulischer  Hilfsventile  (7, 
8)  gesteuert  werden,  die  als  Relais  wirken,  die 
einen  Teil  des  Kreislaufs  bilden,  wobei  jedes  (8;  7) 
der  hydraulischen  Hilfsventile  in  Abhangigkeit 
arbeiten  von  der  direkten  Speisung  des  Arbeits- 
fluids  zu  dem  Schaltkreis  durch  die  beiden  Zylin- 
der  (1,  3;  2,  4),  die  durch  das  andere  (7,  8)  der 
Hiifsventiie  gesteuert  werden,  unabhangig  von 
dem  Erreichen  der  idealen  Endposition  durch  die 
Kolben  der  Zylinder,  durch  die  Freigabe  von 
Bohrungen,  die  besonders  vorgesehen  sind  in 
Ubereinstimmung  mit  dem  Positionen  auf  den 
Wandungen  der  Zylinder. 

2.  Hydraulischer  Kreislauf  nach  Anspruch  1, 
wobei  die  Pumpzylinder  mit  in  Ubereinstimmung 
mit  dem  Ende  des  RCickhubs  befindlichen  Ver- 
langsamungsmitteln  versehen  sind. 

3.  Hydraulischer  Kreislauf  nach  Anspruch  1, 
wobei  die  Pumpzylinder  zwei  Signalgeber  bilden 
zur  Erreichung  der  Stabilitat  des  Systems  bei 
deren  Starten. 

4.  Hydraulischer  Kreislauf  nach  Anspruch  3, 
wobei  jeder  der  Kolben  der  Kolbenzylinder  die 
Funktion  eines  Verteilers  bezuglich  des  Signal- 
gebers  bei  dem  Ende  des  Ruckhubs  erfiillen. 

5.  Hydraulischer  Kreislauf  nach  einem  der 
Anspriiche  1  bis  4,  mit  einem  mikrometrischen 
Flufcregulator,  der  zum  Aufladen  eines  abhangi- 
gen  Kreislaufes  ausgebildet  ist. 

6.  Hydraulischer  Kreislauf  nach  einem  der 
Anspriiche  1  bis  5,  wobei  die  Zylinder  zur  Steue- 
rung  des  Ausweichventils  auf  der  Seite  ihrer 
Stangen  durch  einen  Parallelkreislauf  (By-pass) 
verbunden  sind,  der  wiederum  mit  einem  Ablate 
mittels  einer  festen  Drossel  verbunden  ist. 

7.  Hydraulischer  Kreislauf  nach  einem  der 
Anspriiche  1  bis  6,  wobei  die  von  den  Signal- 
gebern  aufgenommenen  Signale  der  Pumpzylin- 
der  die  Bewegungen  des  Ableitungsventils  steu- 
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