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(57)  The  invention  concerns  an  improved  valve  (10; 
12)  for  hydraulic  power  units  (1),  particularly  for  eleva- 
tors,  hoists  and  the  like.  The  valves  are  characterized 

by  the  fact  that  a  number  of  fine  holes  (32;  33),  through 
which  fluid  is  forced,  are  provided  on  the  body  of  valve 
(10;  12).  The  holes  may  be  rectangular  in  section  or  cir- 
cular. 
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Description 

[0001]  The  invention  concerns  an  improved  valve  for  hydraulic  power  units,  particularly  for  elevators,  hoists,  and  the 
like.  More  specifically,  the  invention  concerns  a  valve  that  permits  significant  reduction  in  the  noise  of  hydraulic  power 

5  units  in  the  above-mentioned  equipment. 
[0002]  The  hydraulic  power  unit  is  currently  the  key  factor  as  far  as  noise  in  elevators  is  concerned.  This  type  of 
problem  is  particularly  troublesome  in  the  case  of  power  units  located  near  bedrooms,  living  rooms,  or  in  such  structures 
as  hotels,  hospitals,  etc. 
[0003]  Studies  conducted  have  shown  that  noise  from  this  type  of  equipment  is  due  primarily  to  either  the  pump 

10  when  the  elevator  is  ascending,  or  to  the  cavitation  of  oil  in  the  slide  valve  when  the  elevator  is  ascending  or  descending. 
[0004]  In  light  of  the  above,  the  applicant  has  researched  a  solution  which  would  significantly  reduce  noise  emissions 
from  the  hydraulic  power  unit. 
[0005]  The  main  purpose  of  the  invention  is  to  provide  an  improved  slide  valve  that  reduces  the  noise  caused  by  oil 
cavitation  and  turbulence  during  operation. 

75  [0006]  Another  purpose  of  the  invention,  at  least  in  preferred  embodiments  is  to  provide  a  solution  that  permits  the 
noise  from  the  pump  to  be  confined  to  inside  the  case  or  housing. 
[0007]  These  and  other  results  are  obtained  according  to  at  least  the  preferred  embodiment  the  invention,  which 
proposes  a  technical  solution  for  slide  valves  or  other  valves  that  reduces  the  likelihood  of  oil  cavitation  as  it  passes 
through  the  valve  itself,  as  well  as  a  technical  solution  for  soundproofing  the  internal  area  or  the  valve  housing. 

20  [0008]  According  to  the  invention  there  is  provided  a  valve  for  hydraulic  power  units,  characterized  in  that  a  number 
of  fine  holes,  through  which  the  fluid  is  forced,  are  provided  on  the  body  of  the  valve. 
[0009]  The  particular  size,  number  and  shape  of  the  holes  will  depend  on  the  particular  application,  as  will  be  ex- 
plained  below.  However,  what  is  important  is  that  the  effective  diameter  of  the  holes  should  be  as  small  in  dimension 
as  possible,  thereby  reducing  the  Reynolds  number  of  the  flow  therethrough,  without  compromising  the  hydraulic  per- 

25  formance  of  the  apparatus  in  which  the  valve  is  used.  In  general  the  optimum  hole  size  will  be  determined  by  specific 
study  and  verified  empirically. 
[0010]  The  holes  in  the  valve  body  may  be  slots  that  are  generally  rectangular  in  form,  circular  or  indeed  some  other 
shape.  However,  slots  and  circular  holes  are  the  most  easily  manufactured.  As  stated  above  the  particular  form  of  the 
valve  and  the  number  and  shape  of  the  holes  will  vary  with  the  function  of  the  pump  in  the  hydraulic  power  unit.  The 

30  slots  may  have  a  different  width  and  the  circular  holes  a  different  diameter  depending  on  the  flow  rate.  Preferably  the 
slots  are  up  to  about  7  mm  wide  and  the  holes  up  to  about  5  mm  in  diameter.  In  typical  applications  at  typical  flow 
rates,  a  rectangular  slot  may  have  a  width  between  1  and  5  mm,  depending  on  flow  rate,  preferably  between  2  and  4 
mm.  A  circular  hole  may  have  a  diameter  of  between  1  and  3  mm,  preferably  between  1  and  2  mm  more  preferably 
between  1  .2  and  1  .7  mm. 

35  [0011]  According  to  a  preferred  embodiment  of  the  valve  according  to  the  invention,  the  valve  is  made  with  thin  walls 
through  which  the  holes  pass.  The  thickness  should  be  as  thin  as  possible  without  compromising  the  strength  of  the 
valve. 
[0012]  The  valve  of  the  invention  will  typically  be  a  spool  valve,  and  will  generally  have  a  cup  shaped  body  through 
the  side  wall  of  which  will  pass  the  fluid. 

40  [0013]  According  to  a  preferred  embodiment  of  the  invention,  the  valve  itself,  along  with  the  set  of  valves  in  which  it 
is  provided,  will  be  contained  in  a  soundproof  compartment.  The  soundproofing  of  that  compartment,  according  to  the 
invention,  will  preferably  be  realized  by  the  use  of  padded  sheets  of  sound-absorbing  or  sound-insulating  material. 
[0014]  Some  preferred  embodiments  of  the  invention  will  now  be  described  by  way  of  example  only,  with  reference 
to  the  accompanying  drawings  in  which: 

45 
Figure  1  is  a  perspective  view  of  a  hydraulic  power  unit; 
Figure  2  is  a  perspective  view  of  the  set  of  valves  in  the  power  unit  of  Figure  1  ; 
Figure  3  is  a  schematic  diagram  of  the  power  unit  of  Figure  1  incorporating  valves  in  accordance  with  the  invention; 
Figure  4  is  a  cross  section  of  one  embodiment  of  a  valve  according  to  the  invention  for  use  in  a  unit  as  described 

so  in  Figures  1  to  3; 
Figure  5  is  a  cross  section  of  a  second  embodiment  of  a  valve  according  to  the  invention;  and 
Figure  6  is  an  overall  view  of  the  power  unit  of  Figure  1  . 

[0015]  Figure  1  of  the  attached  drawings  shows  a  hydraulic  power  unit,  indicated  generally  by  reference  number  1  , 
55  comprising  a  pump  3,  a  motor  4,  a  tank  5,  and  a  valve  block  6,  all  inside  a  housing  2. 

[0016]  The  valve  block  6  is  illustrated  in  greater  detail  in  Figure  2,  which  shows  a  control  valve  7  to  control  a  starter 
valve  (not  shown),  and  a  solenoid  8  to  control  a  non-return  valve  (not  shown)  which  are  both  constructed  according  to 
the  teaching  the  invention. 
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[0017]  Figure  3  shows  a  schematic  diagram  of  power  unit  1  of  the  invention,  with  valve  block  6  shown  in  cross  section. 
In  particular,  this  figure  shows  the  passage  of  the  oil  from  the  motor  4-pump  3  unit  to  a  piston  9,  via  the  valve  block  6. 
[0018]  The  various  phases  of  movement  of  the  elevator  (bypass,  acceleration,  constant-velocity  operation,  deceler- 
ation,  leveling,  stop)  are  controlled  primarily  by  a  starter  or  bypass  valve  10,  a  deceleration  valve  11  ,  and  a  non-return 

5  or  check  valve  12.  The  starter  valve  1  0  and  the  check  valve  1  2  are  made  in  accordance  with  the  invention.  It  has  been 
found  in  operation  that  the  noise  generated  in  the  up  run  of  the  elevator  comes  mainly  from  the  starter  valve  10  and 
in  the  descent  from  the  non-return  valve  12. 
[0019]  The  following  will  be  a  description  by  way  of  example  only  and  with  reference  to  Figure  3,  4  and  5  of  the 
functioning  of  the  power  unit,  which  description  shall  in  no  way  limit  the  scope  of  protection  of  the  invention  in  that 

10  modified  valves  may  evidently  be  used  in  a  different  power  unit. 
[0020]  When  the  elevator  is  ascending,  there  is  a  first  bypass  phase,  during  which  power  is  supplied  to  the  motor  4 
and  a  solenoid  13.  The  solenoid  8  is  not  energized,  and  the  control  valve  7  is  open. 
[0021]  Power  is  supplied  to  the  motor  4,  sending  oil  from  the  tank  5  to  the  valve  block  6.  A  valve  15  opens,  and  the 
valve  10  opens  since  the  oil  containing  chamber  17  thereof  discharges  into  the  tank  5  through  the  open  control  valve 

is  7,  and  the  oil  recirculates  from  the  pump  3  to  the  tank  5. 
[0022]  Solenoid  13  is  then  energized,  creating  low  pressure  that  allows  a  valve  18  to  open;  the  oil  contained  in 
chamber  1  9  of  the  valve  1  8  is  discharged  into  the  tank  5  via  the  solenoid  1  3. 
[0023]  To  increase  the  duration  of  the  bypass,  adjustments  may  be  made  to  the  control  valve  7  to  reduce  the  diameter 
of  a  throttle  20. 

20  [0024]  When  the  elevator  is  accelerating  while  ascending,  power  is  supplied  to  the  motor  4  as  well  as  to  the  solenoid 
1  3.  Power  is  not  supplied  to  the  solenoid  8,  and  the  control  valve  7  is  closed. 
[0025]  The  oil  from  the  pump  3  passes  through  a  passage  21  and  closes  the  valve  7;  the  oil  passes  through  an 
adjustable  throttle  20  and  reaches  the  chamber  1  7  of  the  valve  1  0.  Then  the  valve  1  0  begins  to  close  and  pressurizes 
the  valve  unit  6.  In  this  condition,  the  oil  continues  to  partially  circulate  to  the  tank  through  the  valve  7,  and  more 

25  particularly  circulates  through  slots  32  in  the  valve  body. 
[0026]  As  the  pressure  increases,  the  valve  12  opens,  the  pressure  of  the  oil  overcoming  the  spring  force  of  the 
valve  and  the  pressure  of  the  equipment.  The  oil  then  reaches  the  piston  9  and  the  system  starts  to  accelerate. 
[0027]  To  increase  acceleration  of  the  elevator  while  it  is  ascending,  the  adjustment  screws  on  the  throttle  20  may 
be  loosened. 

30  [0028]  In  constant-velocity  operation  while  ascending,  power  is  supplied  to  the  motor  4,  as  well  as  to  the  solenoid 
13.  The  solenoid  8  is  not  energized,  the  control  valve  7  is  closed,  and  the  solenoid  14  is  energized.  The  control  valve 
7  maintains  the  chamber  17  of  the  valve  10  under  pressure  such  that  the  valve  10  completely  closes,  and  the  oil  no 
longer  circulates  back  to  the  tank  5.  The  valve  1  8  and  the  valve  1  2  completely  open  so  that  the  oil  moves  toward  the 
piston  9  without  hindrance.  It  will  be  noted  that  the  valve  body  12  has  a  plurality  of  relatively  small  holes  33  and  a 

35  number  (6)  of  larger  holes  34  at  one  end.  These  holes  allow  the  passage  of  the  full  hydraulic  flow  without  pressure 
drop.  The  valve  body  12  may,  however  be  constructed  without  these  larger  holes  34  in  certain  cases. 
[0029]  To  decrease  speed  while  ascending  or  descending,  adjustment  is  provided  by  tightening  screws  23  on  the 
valve  18. 
[0030]  When  decelerating  while  ascending,  power  is  supplied  to  the  motor  4,  the  solenoid  13  is  not  energized,  the 

40  solenoid  8  is  not  energized,  the  control  valve  7  is  closed.  As  the  solenoid  13  is  de-energized,  oil  passes  through  it 
towards  the  chamber  19  of  valve  18  so  as  to  close  the  valve  18.  The  valve  10  then  starts  to  open  due  to  increasing 
pressure,  and  some  of  the  oil  is  discharged  through  the  valve  10  into  tank  5,  which  causes  the  system  to  begin  to 
decelerate. 
[0031]  To  increase  deceleration  while  ascending  (and  also  descending),  the  screw  25  may  be  loosened. 

45  [0032]  During  leveling  speed  while  ascending,  power  is  supplied  to  the  motor  4,  and  the  solenoid  1  3  is  not  energized, 
the  solenoid  8  is  not  energized,  the  control  valve  7  is  closed. 
[0033]  The  valve  1  8  rests  against  the  end  of  its  stroke,  but  oil  continues  to  circulate  through  the  channels  50  provided 
in  the  latter;  the  valve  1  0  is  partially  open  so  that  some  of  the  oil  from  the  pump  3  is  discharged  into  tank  5  via  the  slots 
32.  The  system  proceeds  to  leveling  speed. 

so  [0034]  To  increase  leveling  speed  while  ascending  (and  also  descending),  the  screw  24  is  tightened. 
[0035]  When  stopping  at  the  floor  while  ascending,  the  motor  4  is  not  powered,  the  solenoid  1  3  is  not  energized,  the 
solenoid  8  is  not  energized,  and  the  control  valve  7  is  open.  Due  to  inertia  the  elevator  cabin  continues  to  move  upward 
for  a  few  tenths  of  a  second.  Then,  due  to  pressure  on  piston  9,  valve  1  2  closes  and  the  cabin  is  stopped  at  the  floor. 
[0036]  During  the  descent  phase,  while  accelerating,  power  is  not  supplied  to  the  motor  4,  the  solenoid  13  is  ener- 

55  gized,  the  solenoid  8  is  energized,  the  control  valve  7  is  open.  Since  solenoid  8  is  energized,  it  allows  the  oil  under 
pressure  to  move  the  release  piston  11,  thereby  opening  the  valve  12.  Solenoid  13  is  energized  and  allows  the  slide 
valve  18  to  open.  Power  is  not  supplied  to  control  valve  7  so  allowing  the  slide  valve  10  to  open,  increasing  the  flow 
downward  and  causing  the  cabin  to  accelerate. 

3 



EP0  964  163  A2 

[0037]  To  increase  acceleration  during  descent,  a  choke  26  arranged  in  the  passage  leading  from  the  release  piston 
11  may  be  replaced  with  one  that  has  a  larger  diameter,  an  adjustment  that  is  recommended  only  in  the  event  of 
irregular  operation. 
[0038]  For  constant  speed  during  descent,  the  motor  4  is  not  powered,  the  solenoid  1  3  is  energized,  the  solenoid  8 

5  is  energized,  and  the  control  valve  7  is  open.  In  this  state,  the  valve  18  and  valve  10  are  completely  open,  the  valve 
12  is  open  so  as  to  maintain  constant  pressure  in  chamber  27;  for  this  purpose,  a  solenoid  28  is  provided  to  release 
any  excess  pressure. 
[0039]  To  increase  speed  while  in  descent,  a  screw  29  must  be  tightened. 
[0040]  To  decelerate  while  descending,  the  motor  4  is  not  powered,  the  solenoid  13  is  not  energized,  the  solenoid 

10  8  is  energized,  and  the  control  valve  7  is  open.  Since  the  solenoid  13  is  de-energized,  it  causes  the  valve  18  and  the 
valve  1  0  to  shift  to  their  closed  positions,  and  the  system  begins  to  slow  down. 
[0041]  To  increase  deceleration  while  descending  (and  also  ascending),  screw  25  must  be  loosened. 
[0042]  At  leveling  speed  while  in  descent,  the  motor  4  is  not  powered,  the  solenoid  1  3  is  not  energized,  the  solenoid 
8  is  energized,  and  the  control  valve  7  is  open.  In  this  state,  the  valve  18  rests  against  the  end  of  its  stroke,  but  oil 

is  continues  to  circulate  through  the  channels  provided  in  the  latter.  The  closing  of  valve  18  causes  a  drop  in  pressure, 
which  causes  the  valve  10  also  to  close.  Oil  is  then  discharged  into  the  tank  more  slowly  and  the  system  proceeds  to 
leveling  speed. 
[0043]  To  increase  leveling  speed  during  descent  (and  ascent),  the  screw  24  must  be  tightened. 
[0044]  In  case  of  stopping  at  a  floor  in  descent,  power  is  not  supplied  to  the  motor  4,  the  solenoid  13  is  not  energized, 

20  the  solenoid  8  is  not  energized,  the  control  valve  7  is  open.  Since  the  solenoid  8  is  de-energized,  it  causes  the  oil  to 
discharge  into  a  chamber  30  behind  the  release  piston  11.  Discharge  occurs  via  the  throttle  26,  hence  valve  12  closes 
slowly.  Valve  12  closes  completely,  and  the  system  stops. 
[0045]  To  increase  the  closing  speed  of  valve  1  2  in  descent,  the  throttle  26  may  be  replaced  by  one  that  has  a  smaller 
diameter. 

25  [0046]  As  shown  schematically,  in  Figures  4  and  5,  the  valves  10  and  12  are  made  in  such  a  way  as  to  force  the 
fluid  to  pass  through  fine  holes  in  a  wall  of  the  valve  body  during  certain  phases  of  operation  of  the  system,  in  particular 
when  the  valves  are  opening,  closing  or  in  a  partially  open  or  closed  state.  In  Figure  4,  the  holes  are  in  the  form  of 
rectangular  slots  32,  while  in  Figure  5  holes  33  are  circular.  The  valves  are  generally  cup  shaped  with  the  holes  passing 
through  the  side  walls  thereof.  In  the  case  of  a  30  -  40  mm  diameter  valve  body,  the  wall  thickness  might  typically  be 

30  2.5mm. 
[0047]  In  the  embodiment  of  Figure  3,  the  bypass  valve  10  is  provided  with  slots  32  while  the  check  valve  is  provided 
with  circular  holes  33.  As  shown  in  Figure  5,  the  valve  body  12  is  provided  with  larger  diameter  holes  34  adjacent  its 
end  to  allow  flow  of  fluid  therethrough  in  its  fully  open  state  without  significant  pressure  losses. 
[0048]  Obviously,  the  particular  form  of  the  passageways  is  not  limited  to  those  shown,  nor  is  their  number.  The 

35  advantage  of  passing  flow  through  relatively  small  holes  32  or  33  is  that  the  fluid  at  valve  15  has  a  lower  Reynolds 
number  X  and,  therefore,  along  with  a  cavitation  number  k,  the  probability  of  the  onset  of  cavitation  itself  is  reduced, 
with  a  resulting  drop  in  noise. 
[0049]  The  type  of  valve  10,  12  will  vary,  however,  in  regard  to  the  number  and  form  of  the  holes,  with  the  function 
of  the  flow  rate  of  the  pump  3.  Typical  values  for  rectangular  holes  and  circular  holes  in  bypass  and  check  spool  valves 

40  10,12  are  given  in  Tables  1  and  2  below. 

TABLE  1 

Pump  Flow  Rate  (I  min-1)  Number  of  Slots  (20  mm  long)  Slot  Width  (mm) 
50-75  4  2 

76-121  4  2 
122-146  4  3 
147-191  4  4 
1  92-247  4  4 

-  40  mm  diameter  by  pass  spool  valve 

TABLE  2 

55 Pump  Flow  Rate  (I  min-1)  Number  of  Holes  Hole  diameter  (mm) 
50-75  70  1  .2 

76-121  70  1.2 
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TABLE  2  (continued) 
Pump  Flow  Rate  (I  min-1)  Number  of  Holes  Hole  diameter  (mm) 

122-146  58  1.5 
147-191  58  1.5 
1  92-247  58  1  .7 

40  mm  diameter  check  valve  spool 

The  above  values  are  determined  by  specific  studies  and  verified  empirically  to  give  optimum  noise  reduction  while 
not  compromising  the  hydraulic  performance  of  the  apparatus  but  bearing  in  mind  the  technical  flexibility  of  the  hole 
sizes.  For  example  at  high  flow  rates  too  small  a  hole  diameter,  whilst  being  quiet,  may  lead  to  jerkiness  in  the  elevator 
movement. 
[0050]  Furthermore,  the  valves  10,  12  are  made  with  thin  walls,  so  as  to  reduce  temperature-dependent  variations 
in  the  viscosity  of  the  oil. 
[0051]  Finally,  with  reference  to  Figure  6,  the  power  unit  1  is  shown  with  a  soundproof  compartment  36  in  which  is 
housed  valve  unit  6,  said  compartment  36  being  covered  with  padded  sheets  of  sound-absorbing  or  sound-insulating 
material,  so  as  to  further  reduce  the  noise  of  the  hydraulic  power  unit.  The  compartment  36  may  be  provided  with  an 
inspection  panel  to  allow  access  to  the  valve  unit  6. 
[0052]  Resting  on  top  of  compartment  36  is  electric  panel  37,  which  in  known  hydraulic  power  units  is  placed  else- 
where  in  the  machine. 
[0053]  The  present  invention  was  described  only  by  way  of  illustration  according  to  its  preferred  embodiment  and  is 
not  limited  thereto;  it  is  understood  that  the  expert  in  the  field  may  vary  and/or  modify  it  without  thereby  exceeding  the 
scope  of  its  protection  as  defined  in  the  attached  claims.  For  example,  instead  of  the  control  valve  7  for  controlling  the 
bypass  valve  10,  a  solenoid  could  be  provided. 

Claims 

1.  A  valve  for  hydraulic  power  units,  said  valve  comprising  a  valve  body  (1  0;1  2)  and  wherein  said  body  is  provided 
with  a  number  of  relatively  small  holes  (32;  33),  through  which  fluid  is  forced  during  operation  of  the  valve. 

2.  A  valve  according  to  claim  1  wherein  said  holes  are  in  the  form  of  slots  (32)  that  are  substantially  rectangular  inform. 

3.  A  valve  according  to  claim  2  wherein  said  slots  (32)  have  a  width  (d)  of  up  to  7  mm. 

4.  A  valve  according  to  claim  3  wherein  said  slots  (32)  have  a  width  (d)  of  between  1  and  5  mm. 

5.  A  valve  according  to  claim  4,  wherein  said  slots  (32)  have  a  width  (d)  of  between  2  and  4  mm. 

6.  A  valve  according  to  claim  1  or  2  wherein  said  holes  are  circular  holes  (32). 

7.  A  valve  according  to  claim  1  or  2  wherein  said  holes  (31  )  have  a  diameter  of  up  to  5  mm. 

8.  A  valve  according  to  claim  7  wherein  said  holes  (33)  have  a  diameter  (d)  of  between  1  and  3  mm. 

9.  A  valve  according  to  claim  8  wherein  said  holes  (33)  have  a  diameter  (d)  of  between  1  .2  and  1  .7  mm. 

10.  A  valve  according  to  any  preceding  claim,  wherein  the  type  of  valve,  the  number  and  form  of  the  holes  (32;  33)  is 
determined  as  a  function  of  the  pump  (3)  of  the  hydraulic  power  unit. 

11.  A  valve  according  to  any  preceding  claim,  wherein  the  valve  body  (10;12)  has  relatively  thin  walls  through  which 
said  holes  extend. 

12.  A  valve  according  to  any  preceding  claim  wherein  the  holes  (32;33)  are  provided  in  a  side  wall  of  the  valve  body. 

13.  Apparatus  including  a  valve  as  claimed  in  any  preceding  claim  wherein  the  valve  (1  0;1  2)  itself,  along  with  the  set 
of  valves  of  which  it  forms  a  part,  is  contained  within  a  soundproof  compartment  (36). 
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14.  Apparatus  according  to  claim  10  wherein  the  soundproofing  of  said  compartment  is  obtained  by  using  padded 
sheets  of  sound-absorbing  or  sound-insulating  material. 
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