
J  
~ "   '  Nil  II  II  II  II  II  III  II  III  III  II  I  II 
European  Patent  Office  B 4  

*  . .   ,  ©  Publication  number:  0  2 7 2   1 3 /   B 1  
Office  europeen  des  brevets 

©  E U R O P E A N   PATENT  S P E C I F I C A T I O N  

©  Date  of  publication  of  patent  specification:  22.07.92  ©  Int.  CI.5:  F04B  9/08,  F04B  23/1  0, 
F15B  3 / 0 0  

©  Application  number:  87311179.3 

@  Date  of  filing:  18.12.87 

©  Hydraulic  pneumatic  power  transfer  unit. 

00 

CO 

CM 

CM 

®  Priority:  19.12.86  US  944496 

@  Date  of  publication  of  application: 
22.06.88  Bulletin  88/25 

©  Publication  of  the  grant  of  the  patent: 
22.07.92  Bulletin  92/30 

©  Designated  Contracting  States: 
DE  FR  GB  IT  SE 

References  cited: 
DE-A-  3  321  097 
US-A-  4  334  833 
US-A-  4  443  160 

DE-C-  483  622 
US-A-  4  390  322 
US-A-  4  478  556 

SOVIET  INVENTIONS  ILLUSTRATED,  section 
mechanical,  week  8526,  8th  August  1985,  ab- 
stract  no.  157580  Q  56,  Derwent  Publications 
Ltd.,  London,  GB;  &  SU-A-10  84484  (Kudlnov) 
07-04-1984 

Proprietor:  ALLIED-SIGNAL  INC. 
Columbia  Road  and  Park  Avenue  P.O.  Box 
2245R 
Morrlstown  New  Jersey  07962-2245(US) 

Inventor:  Gazzera,  Raymond  William 
3231  North  82nd  Place 
Scottsdale  Arizona  85251  (US) 

Representative:  Rees,  David  Christopher  et  al 
Kllburn  &  Strode  30  John  Street 
London  WC1N  2DD(GB) 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person 
may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition 
shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee 
has  been  paid  (Art.  99(1)  European  patent  convention). 

Rank  Xerox  (UK)  Business  Services 



1 EP  0  272  137  B1 2 

Description 

This  invention  relates  generally  to  pumps  and 
more  specifically  to  piston  type  fluid  intensifiers  in 
which  one  fluid,  for  example  hydraulic  oil,  is  used 
to  increase  the  pressure  of  a  second  fluid,  for 
example,  air. 

Fluid  intensifiers  may  be  of  various  configura- 
tions  and  are  used  in  many  types  of  industrial 
devices.  For  example,  the  second,  pumped  fluid 
may  be  the  same  as,  or  may  even  be  a  portion  of, 
the  first,  powering  fluid  as  is  the  case  in  the  well- 
known  "water  rams"  used  in  less  developed  areas 
to  supply  water  under  pressure  from  a  stream. 

Alternatively,  the  second  fluid  may  be  similar  to 
the  first  but  without  intermixing  as  in  oil  driven  fuel 
transfer  pumps. 

The  fluids  may  even  be  of  quite  different  types, 
i.e.  one  may  be  a  gas  and  the  other  a  liquid,  as  in 
air  driven  oil  pumps  or  hydraulically  driven  air 
compressors. 

It  is  this  latter  configuration  which  is  of  most 
interest  in  the  present  invention. 

Compressed  air  is  becoming  more  useful  in 
many  industrial  applications,  but  one  of  the  most 
demanding  applications  is  in  modern  aircraft  in 
which  air  is  used  for  environmental  support  sys- 
tems  and  for  pneumatic  control  systems.  Air  is 
usually  supplied  to  such  systems,  and  for  other 
uses,  by  bleeding  a  small  amount  of  air  from  the 
compressor  stages  of  the  gas  turbine  propulsion 
engines  or  auxiliary  power  units.  However,  many 
modern  gas  turbines  are  designed  so  that  very  little 
excess  air  is  available  for  such  use  even  though 
sufficient  power  is  available  to  drive  a  separate 
pump. 

Prior  art  air  pressure  intensifiers  have  several 
problems  which  limit  their  life  and/or  reliability. 
Such  intensifiers,  or  air  compressors,  are  generally 
multi-stage,  positive  displacement  types  in  which 
several  pistons  of  graduated  sizes  (i.e.  stages)  are 
mechanically  driven  by  a  crankshaft  or  Scotch 
yoke  mechanism.  The  first  stage  piston,  and  its 
check  valves,  tend  to  be  quite  large,  resulting  in 
high  inertia  forces  when  running  at  high  speeds. 
These  high  inertia  forces  tend  to  cause  early  fail- 
ures,  particularly  in  the  check  valves. 

On  the  other  hand,  the  last  stage  pistons  are 
small  but  highly  loaded  from  the  pressure  of  the 
compressed  air.  This  high  face  load,  when  com- 
bined  with  side  forces  from  the  crank  or  Scotch 
yoke,  causes  excessive  bearing  stresses  on  the 
side  of  the  pistons  resulting  in  rapid  wear  of  the 
sealing  parts.  Typically,  commercially  available 
units  have  a  mean  time  between  failure  of  only 
about  500  to  1500  hours. 

Furthermore,  the  geometry  of  a  crankshaft 
driven  unit  results  in  a  great  deal  of  wasted  space 

which  is  only  partly  eliminated  in  the  Scotch  yoke 
design. 

Thus  it  should  be  apparent  that  there  is  a  need 
in  the  art  for  an  improved  air  pressure  intensifier. 

5  A  cursory  search  of  the  available  prior  art 
shows  the  following  US  patents  related  to  the  gen- 
eral  subject  matter  of  the  present  invention: 
2,293,097;  2,296,647;  2,508,298;  2,864,313; 
3,059,433;  3,200,596;  3,809,502;  4,212,597; 

w  4,523,895;  and  4478556.  In  particular  the  disclo- 
sures  of  US  patent  numbers  3,407,601  and 
3,916,931  illustrate  and  describe  some  of  the  com- 
plexities  and  problems  of  such  equipment.  US 
4478556  discloses  a  three  stage  gas  compressor 

75  having  two  interconnecting  compression  units  op- 
erated  by  hydraulic  pistons.  The  first  unit  com- 
prises  a  central  section  flanked  by  two  lateral  sec- 
tions  incorporating  the  first  and  third  stages  and 
operated  by  an  alternating  piston.  The  second  unit 

20  is  similar  but  each  section  has  a  smaller  respective 
diameter. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  a  new  and  improved  pneumatic  intensifier  of 
relatively  simple  design  and  low  cost  having  a 

25  minimum  of  moving  parts  and  seals  so  as  to  re- 
duce  or  eliminate  maintenance  and/or  adjustments. 

Another  object  of  the  present  invention  is  to 
provide  a  hydraulically  operated  piston-type  pneu- 
matic  intensifier  in  a  compact  unit  which  wastes 

30  less  space  and  has  less  side  loads  on  the  pistons 
than  crankshaft  operated  units. 

A  further  object  of  the  present  invention  is  to 
provide  a  fluid  intensifier  which  may  be  operated  at 
high  speeds  and  high  pressures  without  undue 

35  inertia  loads  on  the  components. 
According  to  the  invention,  there  is  provided 

power  transfer  unit  which  comprises:  two  first  stage 
chambers  for  a  gas  such  as  air;  a  pair  of  first  stage 
pistons  respectively  located  for  reciprocation  within 

40  the  first  stage  chambers  the  first  stage  pistons 
being  interconnected;  a  second  stage  chamber  for 
the  gas  with  a  second  stage  piston  located  for 
reciprocation  therein;  a  third  stage  chamber  for  the 
gas  with  a  third  stage  piston  located  for  reciproca- 

45  tion  therein;  the  second  and  third  stage  pistons 
being  interconnected;  the  two  first  stage  chambers 
being  in  fluid  communication  with  the  second  stage 
chamber  and  the  second  stage  chamber  being  in 
fluid  communication  with  the  third  stage  chamber; 

50  and  a  hydraulic  fluid  system  engaging  the  pistons 
to  drive  the  two  first  stage  pistons  alternately  with 
the  second  and  third  stage  pistons  whereby  gas  is 
transferred  from  the  first  stage  chambers  to  the 
second  stage  chamber  and  from  the  second  stage 

55  chamber  to  the  third  stage  chamber  with  increasing 
pressure  from  stage  to  stage;  characterised  in  that 
the  pistons  and  cylinders  are  contained  within  a 
block-like  housing;  the  first  stage  chambers  and 
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piston  are  on  a  common,  longitudinal  axis,  the 
pistons  being  interconnected  by  a  first  link;  the 
second  and  third  stage  chambers  and  the  cor- 
responding  pistons  are  located  along  a  common 
longitudinal  axis,  the  second  and  third  stage  pis- 
tons  being  interconnected  by  a  second  link;  and  in 
that  the  -  hydraulic  fluid  system  comprises  a  swash 
plate  hydraulic  pump  having  at  least  four  pumping 
cylinders  and  adapted  to  be  driven  by  a  rotating 
shaft,  and  a  series  of  conduits  for  transferring  pres- 
surised  oil  from  each  pumping  cylinder  directly  to  a 
corresponding  one  of  the  air  pistons  to  cause  the 
pistons  to  move  under  the  influence  of  hydraulic 
pressure. 

Preferably  the  first  fluid  is  air  whereby  the  unit 
comprises  a  pneumatic  intensifier.  The  system 
preferably  includes  valve  means  in  communication 
with  the  conduits  and  an  oil  reservoir,  the  valve 
means  being  arranged  to  maintain  oil  pressure  in 
the  conduits  at  a  level  between  a  selected  high 
pressure  level  and  a  selected  low  pressure  level  by 
allowing  oil  to  flow  to  and  from  the  reservoir  as 
necessary. 

Preferably,  the  two  common  longitudinal  axes 
are  parallel  so  that  all  of  the  pistons  lie  in  a 
common  plane.  Preferably,  the  pair  of  first  stage  air 
pistons  are  substantially  of  the  same  size  as  each 
other  and  larger  than  the  second  stage  air  piston 
which  itself  is  larger  than  the  third  stage  air  piston. 
The  preferred  intensifier,  or  hydraulically  driven  air 
compressor,  features  three  stages  of  graduated 
sized  air  cylinders,  each  of  which  contains  an  air 
compressing  piston  moved  linearly  by  hydraulic 
pressure.  This  arrangement  takes  up  less  space 
than  a  crank-shaft  drive  and  eliminates  side  loads 
on  the  air  pistons.  Instead  of  a  single  large  first 
stage  air  piston,  however,  two  smaller  pistons  are 
in  sequence  thereby  resulting  in  a  total  of  four 
pistons  in  this  three  stage  air  intensifier.  The  use  of 
smaller  pistons  and  their  associated  valves  in  the 
first  stage  reduces  inertia  loads  at  high  speeds. 
The  four  pistons  are  arranged  in  pairs  and  each 
pair  is  connected  by  a  lightly  loaded  link  which 
functions  to  retract  one  of  the  pair  on  a  suction 
stroke  while  the  other  of  the  pairs  is  on  its  com- 
pressing  stroke. 

When  the  pistons  are  in  any  intermediate  posi- 
tion,  friction  prevents  valve  motion. 

The  valve  logic  is  established  by  connecting 
passageways  in  the  intensifier  housing  and  op- 
erates  to  cause  the  piston  pairs  to  stroke  alter- 
nately  as  will  be  described  in  more  detail  below. 

Thus,  each  complete  cycle  of  the  intensifier 
causes  air  to  be  compressed  in  three  stages  by  a 
series  of  four  hydraulically  operated  pistons  which 
automatically  reciprocate  in  a  predetermined  se- 
quence.  For  example,  movement  of  the  first  stage 
pair  of  pistons  near  the  end  of  their  stroke  causes 

the  nearby  spool  valve  to  change  position  so  that 
hydraulic  oil  is  ported  to  the  second  and  third  stage 
pair  of  pistons  to  begin  their  stroke.  Near  the  end 
of  their  stroke,  that  pair  of  pistons  causes  its  near- 

5  by  spool  valve  to  change  position  and  port  oil  back 
to  the  first  stage  pair  of  pistons.  This  sequence  is 
continuously  repeated  during  operation  of  the  com- 
pressor  so  that  a  flow  of  high  pressure  hydraulic  oil 
is  mechanically  converted  into  a  flow  of  high  pres- 

io  sure  air. 
With  this  arrangement  the  flow  of  oil  can  be 

interrupted  at  any  point  in  the  cycle  but  resumed 
later  at  that  same  point  when  oil  pressure  is  re- 
stored. 

is  Another  advantage  of  this  invention  is  that  the 
level  of  pressure  of  the  output  air  stream  may  be 
designed  to  be  either  higher  or  lower  than  the 
pressure  of  the  input  oil  stream  depending  on  the 
size  selected  for  each  piston  assembly. 

20  The  concepts  set  forth  above  have  been  de- 
scribed  with  reference  to  an  oil  powered  air  intensi- 
fier.  However,  the  same  concepts  are  equally  ap- 
plicable  to  air  powered  oil  intensifiers. 

The  motive  force  for  the  pistons  is  provided  by 
25  a  swash-plate  pump.  This  pump  has  at  least  four 

cylinders  and  is  driven  by  a  rotating  shaft  to  pro- 
duce  discrete  pulses  of  high  pressure  oil  from  each 
cylinder.  By  selectively  connecting  each  pumping 
cylinder  to  one  of  the  air  compressor  pistons,  the 

30  harmonic  motion  of  the  pump  is  transferred  to  the 
pistons. 

However,  to  insure  that  an  adequate  supply  of 
oil  is  available  at  all  times  an  internal  reservoir 
(preferably  pressurised)  and  associated  pressure 

35  relief  valves  are  provided  in  the  system  as  dis- 
cussed  in  more  detail  below. 

Thus,  it  should  be  apparent  that  the  present 
invention  provides  an  improved  pneumatic  intensi- 
fier  in  various  configurations  suitable  to  meet  the 

40  requirements  of  a  particular  installation. 
The  invention  may  be  carried  into  practice  in 

various  ways  and  some  embodiments  will  now  be 
described  by  way  of  example  with  reference  to  the 
accompanying  drawings  in  which: 

45  Figure  1  is  a  cross  section  through  a  fluid  inten- 
sifier  which  is  outside  the  scope  of  the  present 
invention  but  which  shows  many  of  its  operative 
characteristics,  the  Figure  showing  the  condition 
where  the  first  stage  reciprocating  pistons  are  in 

50  the  middle  of  a  working  cycle  while  the  second 
and  third  stage  piston  assembly  is  at  rest; 
Figure  2  is  a  view  similar  to  Figure  1  showing 
the  next  cycle  where  the  second  stage  piston  is 
working  while  the  first  stage  pistons  are  at  rest; 

55  Figure  3  is  a  similar  view  showing  a  later  step  in 
the  cycle  where  the  first  stage  pistons  are  again 
working  while  the  second  and  third  stage  as- 
sembly  is  at  rest; 

3 
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Figure  4  is  a  similar  view  showing  the  final  step 
in  the  cycle  where  the  third  stage  piston  is 
working;  and 
Figure  5  is  another  similar  view  of  a  fluid  intensi- 
fier  in  accordance  with  the  present  invention. 

Referring  to  Figure  1,  the  apparatus  invention 
includes  a  block-like  housing  10  containing  an  up- 
per  pair  of  reciprocating  pistons  11-14  and  a  lower 
pair  of  reciprocating  pistons  15-18  which  co-op- 
erate  to  move  air  from  two  upper  chambers  19,39 
to  a  lower  left  chamber  20  through  a  pipe  21.  A 
check  valve  22  prevents  air  in  the  chamber  19  from 
flowing  back  out  through  the  air  inlet  while  a  a 
check  valve  23  allows-air  to  enter  into  the  upper 
left  chamber  39.  This  part  of  the  cycle  is  the  fist 
stage  of  air  compression. 

During  the  second  stage  of  air  compression,  as 
shown  in  Figure  2,  air  in  the  lower  left  chamber  20 
is  compressed  further  by  the  piston  15  and  forced 
through  a  check  valve  28  into  a  pipe  29.  Check 
valves  24,25  in  the  entrances  to  the  pipe  21  pre- 
vent  backflow  of  air  into  the  upper  chambers  19,39. 

As  shown  in  Figure  3,  air  from  the  pipe  29 
enters  a  lower  right  chamber  30  where  it  is  further 
compressed  by  the  piston  18  and  forced  through  a 
check  valve  31  into  a  high  pressure  delivery  pipe 
32  thus  completing  the  third  stage  of  compression. 
Preferably,  the  air  transfer  pipes  21  ,  29  have  inter- 
coolers  36,37  for  dissipating  some  of  the  heat 
caused  by  compression. 

The  air  compressing  pistons  11,  14,  15,  18  are 
moved  by  the  force  of  high  pressure  hydraulic  oil 
which,  in  this  embodiment,  is  controlled  by  two 
sliding  spool  valves  40,41  whose  motion  is  shown 
in  Figure  4.  The  upper  spool  valve  40  controls  the 
action  of  the  lower  pair  of  air  pistons  15,18  and  the 
lower  spool  valve  controls  the  action  of  the  upper 
pair  of  pistons  11,14  as  explained  in  more  detail 
below.  Figure  4  also  illustrates  various  means  for 
sealing  the  reciprocating  pistons  such  as  metallic 
rings  45,  elastomeric  O-rings  46,  or  high  pressure 
seals  47. 

The  operation  of  the  apparatus  is  best  ex- 
plained  by  following  the  flow  of  hydraulic  oil 
throughout  one  complete  cycle  starting  with  the 
first  of  the  three  stages  of  air  compression. 

Referring  back  to  Figure  1,  high  pressure  hy- 
draulic  oil  from  any  suitable  source  (not  shown) 
flows  from  the  main  supply  passage  50  into  the 
interior  of  the  housing  10.  A  branch  passage  51 
leads  upwards  into  a  chamber  52  on  the  right  side 
of  the  upper  spool  valve  (40).  At  this  point  in  the 
cycle,  the  chamber  52  is  in  communication  with  a 
passage  54  which  leads  down  to  an  oil  chamber  55 
behind  the  third  stage  air  piston  18.  High  pressure 
oil  in  this  chamber  55  exerts  a  force  on  the  air 
piston  18  holding  it  in  a  dwell  mode  at  the  end  of 
its  stroke. 

At  the  same  time,  high  pressure  oil  flows  from 
the  main  supply  line  50  through  the  hollow  interior 
of  the  lower  spool  valve  41  to  a  chamber  58  on  its 
left.  This  chamber  58  is  now  in  communication  with 

5  a  passage  59  leading  upwards  to  an  oil  chamber 
60  behind  the  upper  right-hand  air  piston  11.  High 
pressure  oil  thus  flows  upwards  into  the  chamber 
60  exerting  pressure  on  the  air  piston  11  and 
moving  it  to  the  right.  As  previously  mentioned,  the 

io  air  piston  11  forces  air  out  of  the  chamber  19  past 
the  check  valve  24  into  the  pipe  21.  At  the  same 
time  air  is  drawn  in  through  the  left  air  inlet  26  past 
the  check  valve  23  and  into  the  chamber  39  by  the 
piston  14  which  is  also  forced  to  move  towards  the 

is  right  since  it  is  attached  to  the  piston  1  1  by  a  link 
12.  Oil  in  the  chamber  65  behind  the  piston  14  is 
allowed  to  flow  through  a  passage  64  to  the  oil 
return  area  49. 

Figure  2  illustrates  a  later  stage  in  the  cycle 
20  after  the  piston  11  has  been  forced  all  the  way  to 

the  right  and  is  in  a  dwell  mode.  During  the  last 
portion  of  its  movement,  a  tang  13  on  the  link  12 
contacts  and  moves  the  upper  spool  valve  40  to 
the  right  so  that  the  passage  54,  which  had  pre- 

25  viously  been  in  communication  with  the  high  pres- 
sure  oil  supply,  is  now  in  communication  with  the 
oil  return  area  48.  Now,  oil  flows  from  the  high 
pressure  supply  line  50,  up  through  the  branch  51 
and  through  the  hollow  interior  of  the  upper  spool 

30  valve  40  into  the  chamber  53  on  its  left.  That 
chamber  53  is  now  in  communication  with  a  pas- 
sage  56  which  leads  the  oil  down  into  the  chamber 
57  behind  the  second  stage  air  piston  15  forcing  it 
to  move  to  the  left  thereby  compressing  the  air  in 

35  the  lower  left  air  chamber  20. 
After  the  piston  15  has  moved  all  the  way  to 

the  left,  to  the  end  of  its  stroke,  Figure  3  shows 
that  a  tang  17  on  the  link  16  connecting  the  lower 
pair  of  pistons  15  and  16  has  contacted  and  moved 

40  the  lower  spool  valve  41  to  the  left.  At  this  point, 
high  pressure  oil  from  the  main  supply  line  50 
flows  into  a  chamber  63  on  the  right  side  of  the 
lower  spool  valve  41  from  which  it  can  flow  up- 
wards  through  the  passage  64  to  a  chamber  65 

45  behind  the  upper  left  hand  air  piston  14  thereby 
moving  it,  and  the  attached  piston  11,  to  the  left. 
This  movement  compresses  the  air  in  the  chamber 
39  and  forces  it  through  the  check  valve  25  into  the 
air  pipe  21  while,  at  the  same  time,  drawing  fresh 

50  air  into  the  right-hand  chamber  19  through  the 
check  valve  22. 

The  third  stage  of  air  compression  and  the  next 
step  of  the  cycle,  shown  in  Figure  4,  occur  as  the 
top  pair  of  air  pistons  11  and  14  move  to  the  end 

55  of  their  stroke.  During  the  last  portion  of  their 
movement,  the  tank  13  on  the  link  12  connecting 
the  pair  of  pistons  contacts  and  moves  the  upper 
spool  valve  40  to  the  left.  Now,  high  pressure  oil 
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from  the  main  supply  pipe  50  flows  up  the  branch 
51  to  the  chamber  52  on  the  right  hand  side  of  the 
upper  spool  valve  40.  Since  the  chamber  52  is  now 
in  communication  with  the  passage  54,  the  oil  flows 
through  the  passage  54  into  the  chamber  55  be- 
hind  the  third  stage  air  piston  18  moving  it  to  the 
right.  This  movement  compresses  the  air  in  the 
right  hand  lower  air  chamber  30  and  forces  it  out 
past  the  check  valve  31  into  the  high  pressure  air 
delivery  pipe  32. 

Again,  during  the  last  portion  of  movement  of 
the  lower  piston  pair  15  and  18,  the  tank  17  on 
their  connecting  link  16  contacts  and  moves  the 
lower  spool  valve  41  to  the  right. 

Thus,  the  apparatus  returns  to  the  configuration 
shown  in  Figure  1  and  the  entire  cycle  repeats. 

Turning  now  the  Figure  5,  a  special  type  of 
hydraulic  pump  70  has  been  added  to  the  system. 
The  pump  70  is  known  in  the  art  as  a  swash-plate 
pump  which  functions  to  convert  mechanical  en- 
ergy  from  a  rotating  shaft  into  a  flow  of  hydraulic 
fluid  by  means  of  several  individual  pumping  cyl- 
inders  operating  in  sequence.  Such  pumps  are  well 
known  in  the  art  (see,  for  example,  US  Patent 
No.4,620,475)  and  need  no  detailed  description 
here.  However,  the  piping  arrangement  of  the 
present  invention  differs  from  that  commonly  used 
in  the  art.  Typically,  when  such  a  pump  is  normally 
used,  the  oil  input  from  each  of  the  several  pump- 
ing  cylinders  is  combined  into  one  delivery  pipe  so 
that  the  sequential  pulse  of  oil  from  each  cylinder 
is  smoothed  out  to  form  a  steady  stream  of  fluid.  In 
contrast,  the  present  invention  uses  each  individual 
pulse  of  oil  to  move  one  of  the  air  compressing 
pistons  of  the  basic  invention.  The  sequential  na- 
ture  of  these  pulses  eliminates  the  need  for  the  two 
spool  valves  40,41  and  also  simplifies  the  fluid 
passageways  as  explained  in  more  detail  below. 

The  pump  70  has  six  individual  pumping  cyl- 
inders  71-76  which  operated  by  an  angled  swash 
plate  attached  to  a  rotating  shaft  (not  shown). 

Each  of  the  pump  cylinders  71-76  is  connected 
to  a  conduit  66-69  which  leads  to  one  of  the  air 
compressing  pistons.  For  example,  the  pump  cyl- 
inder  71  is  connected  to  the  conduit  66  which  is  in 
communication  with  the  chamber  65  behind  the  air 
piston  14.  Thus,  as  the  swash  plate  is  rotated,  the 
hydraulic  fluid  in  some  of  the  pumping  cylinders, 
for  example  71  ,  is  being  forced  out  of  the  cylinder, 
through  its  associated  conduit,  and  into  the  cham- 
ber  behind  one  of  the  air  compressing  pistons  14 
moving  it  on  a  compression  stroke.  At  the  same 
time,  hydraulic  fluid  in  those  pumping  cylinders 
which  are  diametrically  opposite,  for  example  74,  is 
being  sucked  into  the  cylinder  from  its  conduit  and 
associated  chamber  60  behind  the  corresponding 
air  piston  1  1  moving  on  an  intake  stroke. 

As  the  swash  plate  continues  to  rotate,  the 

hydraulic  fluid  in  an  adjacent  pumping  cylinder,  for 
example  72,  will  be  forced  through  its  associated 
conduit  67  into  a  chamber  55  behind  another  one 
of  the  air  compressing  pistons  18  while  the  diamet- 

5  rically  opposite  pumping  cylinder,  for  example  75, 
will  receive  fluid  through  a  conduit  69  from  the 
chamber  57  behind  the  corresponding  air  piston 
15. 

Thus,  each  of  the  air  compressing  pistons  is 
io  moved  in  sequence  by  fluid  from  the  pump  cyl- 

inders. 
In  the  event  that  the  volume  of  fluid  provided 

by  a  single  pumping  cylinder  e.g.  72  is  not  suffi- 
cient  to  move  its  associated  air  piston  18  far 

is  enough  to  complete  its  stroke,  then  an  adjacent 
pumping  cylinder  73  may  be  connected  to  the 
same  conduit  so  that  its  volume  may  be  added  to 
the  chamber  55  without  disrupting  the  sequence  of 
operation. 

20  Since  it  is  not  practical  to  match  exactly  the 
volume  of  each  fluid  chamber  to  one,  or  even  two, 
of  the  pumping  cylinders,  the  present  invention 
contemplates  the  use  of  a  reservoir  38  and  stroke 
compensation  81,88  in  the  hydraulic  circuit  as  fol- 

25  lows. 
Each  of  the  conduits,  for  example  66,  is  con- 

nected  to  two  pressure  relief  valves  81,82  which 
are  themselves  connected  through  an  oil  make  up 
line  80  to  the  reservoir  38. 

30  One  of  the  two  valves  is  a  high  pressure  relief 
valve  81  while  the  other  is  a  low  pressure  relief 
valve  82.  When  the  pumping  cylinder  71  has  sup- 
plied  sufficient  fluid  to  fill  the  chamber  65  com- 
pletely  and  thereby  move  the  piston  14  to  the  end 

35  of  its  stroke,  any  further  rotation  of  the  swash  plate 
will  cause  the  fluid  pressure  in  the  conduits  66  to 
increase  and  open  the  high  pressure  relief  valve  81 
so  that  excess  fluid  escapes  to  the  reservoir.  Later 
in  the  cycle  when  all  the  fluid  has  been  returned 

40  from  the  chamber  65  to  the  pumping  cylinder  71 
during  its  suction  stroke,  any  additional  fluid  need- 
ed  to  fill  the  cylinder  71  is  supplied  from  the 
reservoir  38  through  the  low  pressure  relief  valve 
82. 

45  It  is  preferred  that  the  fluid  pressure  in  the 
conduits  not  be  permitted  to  become  negative  (i.e. 
Below  atmospheric)  so  the  invention  contemplates 
pressurising  the  reservoir.  One  method  to  accom- 
plish  this  is  to  supply  air  from  the  first  stage  of 

50  compression  (i.e.  from  pipe  21)  through  a  bleed 
pipe  33  to  a  chamber  34  behind  a  movable  piston 
35  in  the  oil  reservoir.  Therefore,  if  at  any  time 
during  operation,  one  of  the  air  compressing  pis- 
tons  bottoms  out  during  the  return  stroke,  and  thus 

55  ceases  to  supply  fluid  to  the  pump,  the  pressure  in 
its  associated  conduit  will  fall  below  the  reservoir 
pressure  and  fluid  will  be  added  to  the  circuit 
through  the  low  pressure  relief  valve  to  restore 
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synchronisation  so  that  the  cycle  will  continue  to 
repeat. 

Claims 

1.  A  power  transfer  unit  which  comprises:  two 
first  stage  chambers  (19,39)  for  a  gas  such  as 
air;  a  pair  of  first  stage  pistons  (11,14)  respec- 
tively  located  for  reciprocation  within  the  first 
stage  chambers  (19,39),  the  first  stage  pistons 
(11,14)  being  interconnected;  a  second  stage 
chamber  (20)  for  the  gas  with  a  second  stage 
piston  (15)  located  for  reciprocation  therein;  a 
third  stage  chamber  (30)  for  the  gas  with  a 
third  stage  piston  (18)  located  for  reciprocation 
therein;  the  second  and  third  stage  pistons 
(15,18)  being  interconnected;  the  two  first 
stage  chambers  (19,39)  being  in  fluid  commu- 
nication  (21)  with  the  second  stage  chamber 
(20)  and  the  second  stage  chamber  (20)  being 
in  fluid  communication  with  the  third  stage 
chamber  (30);  and  a  hydraulic  fluid  system 
engaging  the  pistons  (11,14,15,18)  to  drive  the 
two  first  stage  pistons  (11,14)  alternately  with 
the  second  and  third  stage  pistons  (15,18) 
whereby  gas  is  transferred  from  the  first  stage 
chambers  (19,39)  to  the  second  stage  cham- 
ber  (20)  and  from  the  second  stage  chamber 
(20)  to  the  third  stage  chamber  (30)  with  in- 
creasing  pressure  from  stage  to  stage;  charac- 
terised  in  that  the  pistons  and  cylinders  are 
contained  within  a  block-like  housing  (10);  the 
first  stage  chambers  and  piston  are  on  a  com- 
mon  longitudinal  axis,  the  pistons  (11,14)  being 
interconnected  by  a  first  link  (12);  the  second 
and  third  stage  chambers  (20,30)  and  the  cor- 
responding  pistons  (15,18)  are  located  along  a 
common  longitudinal  axis,  the  second  and  third 
stage  pistons  (15,18)  being  interconnected  by 
a  second  link  (16);  and  in  that  the  hydraulic 
fluid  system  comprises  a  swash  plate  hydraulic 
pump  (70)  having  at  least  four  pumping  cyl- 
inders  (71,76)  and  adapted  to  be  driven  by  a 
rotating  shaft,  and  a  series  of  conduits  (66,69) 
for  transferring  pressurised  oil  from  each 
pumping  cylinder  directly  to  a  corresponding 
one  of  the  air  pistons  to  cause  the  pistons  to 
move  under  the  influence  of  hydraulic  pres- 
sure. 

2.  A  unit  as  claimed  in  Claim  1,  characterised  in 
that  the  first  fluid  is  air  whereby  the  unit  com- 
prises  a  hydraulically  powered  pneumatic  in- 
tensifier. 

3.  A  unit  as  claimed  in  Claim  1  or  Claim  2, 
characterised  by  valve  means  (81-88)  in  com- 
munication  with  the  conduits  and  an  oil  reser- 

voir  (34),  the  valve  means  being  arranged  to 
maintain  oil  pressure  in  the  conduits  at  a  level 
between  a  selected  high  pressure  level  and  a 
selected  low  pressure  level  by  allowing  oil  to 

5  flow  to  and  from  the  reservoir  as  necessary. 

4.  A  unit  as  claimed  in  Claim  3,  characterised  in 
that  the  reservoir  (34)  is  located  within  the 
block-like  housing  (10)  and  is  arranged  to  be 

io  pressurised  by  a  movable  piston  (35)  acting 
under  the  influence  of  gas  from  the  first  stage. 

5.  A  unit  as  claimed  in  any  preceding  Claim, 
characterised  in  that  the  two  common  longitu- 

15  dinal  axes  are  parallel  so  that  all  of  the  pistons 
lie  in  common  plate. 

6.  A  unit  as  claimed  in  any  preceding  Claim, 
characterised  in  that  the  pair  of  first  stage  air 

20  pistons  (11,14)  are  substantially  of  the  same 
size  as  each  other  and  larger  than  the  second 
stage  air  piston  (15)  which  itself  is  larger  than 
the  third  stage  air  piston  (18). 

25  7.  A  unit  as  claimed  in  any  preceding  Claim, 
characterised  by  intercooler  means  for  cooling 
gas  heated  by  compression,  the  intercooler 
means  being  located  in  the  flow  path  of  the 
gas  from  the  second  stage. 

30 
Revendications 

1.  Unite  de  transfert  de  puissance  qui  comprend  : 
deux  chambres  d'un  premier  etage  (19,  39) 

35  pour  un  gaz  tel  que  I'air;  une  paire  de  pistons 
du  premier  etage  (11,  14)  respectivement  si- 
tues  pour  aller  et  venir  a  I'interieur  des  cham- 
bres  du  premier  etage  (19,  39),  les  pistons  du 
premier  etage  (11,  14)  etant  relies  entre  eux, 

40  une  chambre  d'un  second  etage  (20)  pour  le 
gaz  avec  un  piston  du  second  etage  (15)  situe 
pour  aller  et  venir  dans  celle-ci;  une  chambre 
d'un  troisieme  etage  (30)  pour  le  gaz  avec  un 
piston  de  troisieme  etage  (18)  dispose  pour 

45  aller  et  venir  dans  celle-ci,  les  pistons  des 
second  et  troisieme  etages  (15,  18)  etant  relies 
entre  eux;  les  deux  chambres  du  premier  eta- 
ge  (19,  39)  etant  en  communication  fluide  (21) 
avec  la  chambre  du  second  etage  (20),  et  la 

50  chambre  du  second  etage  (20)  etant  en  com- 
munication  fluide  avec  la  chambre  du  troisieme 
etage  (30),  et  un  systeme  a  fluide  hydraulique 
s'engageant  sur  les  pistons  (11,  14,  15,  18) 
pour  entraTner  les  deux  pistons  du  premier 

55  etage  (11,  14)  de  fagon  alternee  avec  les  pis- 
tons  du  second  et  du  troisieme  etage  (15,  18) 
de  fagon  a  ce  que  du  gaz  soit  transfere  des 
chambres  du  premier  etage  (19,  39)  vers  la 
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chambre  du  second  etage  (20)  et  de  la  cham- 
bre  du  second  etage  (20)  vers  la  chambre  du 
troisieme  etage  (30)  ,  la  pression  croissant 
d'un  etage  a  I'autre;  caracterisee  en  ce  que  les 
pistons  et  les  cylindres  sont  loges  dans  un 
boltier  en  forme  de  bloc  (10),  les  chambres  et 
le  piston  du  premier  etage  se  trouvant  sur  un 
axe  longitudinal  commun,  les  pistons  (11,  14) 
etant  relies  entre  eux  par  une  premiere  bielle 
(12);  en  ce  que  les  chambres  du  second  et  du 
troisieme  etage  (20,  30)  et  les  pistons  corres- 
pondents  (15,  18)  sont  situes  sur  un  axe  longi- 
tudinal  commun,  les  pistons  du  second  et  du 
troisieme  etage  (15,  18)  etant  relies  entre  eux 
par  une  seconde  bielle  (16);  et  en  ce  que  le 
systeme  a  fluide  hydraulique  comprend  une 
pompe  hydraulique  a  plateau  oscillant  (70) 
ayant  au  moins  quatre  cylindres  de  pompage 
(71,  76)  et  etant  adaptee  a  etre  entraTnee  par 
un  arbre  rotatif,  et  une  serie  de  canalisations 
(66,  69)  pour  transferer  de  I'huile  sous  pres- 
sion  directement  depuis  chaque  cylindre  de 
pompage  vers  I'un  correspondant  des  pistons 
a  air  pour  que  les  pistons  se  deplacent  sous 
I'influence  de  la  pression  hydraulique. 

2.  Unite  selon  la  revendication  1,  caracterisee  en 
ce  que  le  premier  fluide  est  I'air,  I'unite  consti- 
tuant  alors  un  intensificateur  pneumatique  ac- 
tionne  hydrauliquement. 

3.  Unite  selon  la  revendication  1  ou  la  revendica- 
tion  2,  caracterisee  par  un  moyen  a  soupape 
(81-88)  en  communication  avec  les  canalisa- 
tions  et  un  reservoir  d'huile  (34),  le  moyen  a 
soupape  etant  congu  pour  maintenir  la  pres- 
sion  d'huile  dans  les  canalisations  a  un  niveau 
situe  entre  un  niveau  de  pression  eleve  selec- 
tionne  et  un  niveau  de  pression  basse  selec- 
tionne  en  laissant  s'ecouler  I'huile  vers  le  re- 
servoir  et  en  provenance  de  celui-ci,  selon  les 
necessites. 

4.  Unite  selon  la  revendication  3,  caracterisee  en 
ce  que  le  reservoir  (34)  est  situe  a  I'interieur 
du  boltier  en  forme  de  bloc  (10)  et  est  congu 
pour  etre  mis  sous  pression  par  un  piston 
mobile  (35)  agissant  sous  I'influence  du  gaz 
provenant  du  premier  etage. 

5.  Unite  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterisee  en  ce  que  les 
deux  axes  longitudinaux  communs  sont  paral- 
lels,  de  maniere  a  ce  que  tous  les  pistons  se 
situent  dans  un  plan  commun. 

6.  Unite  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterisee  en  ce  que  les 

deux  pistons  a  air  du  premier  etage  (11,  14) 
ont  sensiblement  les  memes  dimensions  et  en 
ce  que  ces  dimensions  sont  superieures  a 
celles  du  piston  a  air  du  second  etage  (15)  qui 

5  est  lui-meme  plus  grand  que  le  piston  a  air  du 
troisieme  etage  (18). 

7.  Unite  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterisee  par  un  moyen 

io  de  refroidisseur  intermediate  pour  refroidir  le 
gaz  chauffe  par  la  compression,  le  moyen  re- 
froidisseur  intermediate  etant  situe  dans  le 
trajet  d'ecoulement  du  gaz  provenant  du  se- 
cond  etage. 

15 
Patentanspruche 

1.  Leistungsubertragungseinrichtung,  bestehend 
aus  zwei  Kammern  (19,39)  einer  ersten  Stufe 

20  fur  ein  Gas  wie  Luft,  zwei  Kolben  (11,14)  der 
ersten  Stufe,  die  jeweils  zur  Hin-  und  Herbewe- 
gung  in  den  Kammern  (19,39)  der  ersten  Stufe 
angeordnet  sind,  wobei  die  Kolben  (11,14)  der 
ersten  Stufe  verbunden  sind,  einer  Kammer 

25  (20)  einer  zweiten  Stufe  fur  das  Gas,  in  der  ein 
Kolben  (15)  der  zweiten  Stufe  hin-  und  herbe- 
weglich  angeordnet  ist,  einer  Kammer  (30)  ei- 
ner  dritten  Stufe  fur  das  Gas,  in  der  ein  Kolben 
(18)  der  dritten  Stufe  hin-  und  herbeweglich 

30  angeordnet  ist,  wobei  die  Kolben  (15,18)  der 
zweiten  und  dritten  Stufe  verbunden  sind,  die 
zwei  Kammern  (19,39)  der  ersten  Stufe  mit  der 
Kammer  (29)  der  zweiten  Stufe  in  Stromungs- 
mittelverbindung  (21)  stehen,  und  die  die  Kam- 

35  mer  (20)  der  zweiten  Stufe  mit  der  Kammer 
(30)  der  dritten  Stufe  in  Stromungsmittelverbin- 
dung  steht,  und  einem  Hydaulik-Stromungsmit- 
telsystem,  das  an  den  Kolben  (11,14,15,18) 
angreift,  urn  die  zwei  Kolben  (11,14)  der  ersten 

40  Stufe  abwechselnd  zusammen  mit  den  Kolben 
(15,18)  der  zweiten  und  dritten  Stufe  anzutrei- 
ben,  so  da/S  Gas  von  den  Kammern  (19,39)  der 
ersten  Stufe  zur  Kammer  (20)  der  zweiten  Stu- 
fe  und  von  der  Kammer  (20)  der  zweiten  Stufe 

45  zur  Kammer  (30)  der  dritten  Stufe  bei  zuneh- 
mendem  Druck  von  Stufe  zu  Stufe  ubertragen 
wird,  dadurch  gekennzeichnet,  da/S  die  Kolben 
und  Zylinder  in  einem  kastenartigen  Gehause 
(10)  enthalten  sind,  da/S  die  Kammern  und  Kol- 

50  ben  der  ersten  Stufe  auf  einer  gemeinsamen 
Langsachse  liegen,  da/S  die  Kolben  (11,14) 
durch  ein  erstes  Zwischenstuck  (12)  verbun- 
den  sind,  da/S  die  Kammern  (20,30)  der  zwei- 
ten  und  dritten  Stufe  und  die  entsprechenden 

55  Kolben  (15,18)  auf  einer  gemeinsamen  Langs- 
achse  liegen,  da/S  die  Kolben  (15,18)  der  zwei- 
ten  und  dritten  Stufe  durch  ein  zweites  Zwi- 
schenstuck  verbunden  sind,  und  daS  das  Hy- 
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drauliStromungsmittelsystem eine 
Taumelscheiben-Hydraulikpumpe  (70)  mit  we- 
nigstens  vier  Pumpzylindern  (71,76),  die  von 
einer  Drehwelle  angetrieben  werden  konnen, 
und  eine  Reihe  von  Leitungen  (66,69)  zur  5 
Ubertragung  von  Druckol  von  jedem  Pumpzy- 
linderdirekt  zu  einem  entsprechenden  Luftkol- 
ben  aufweist,  urn  die  Kolben  unter  dem  Einflu/S 
des  Hydraulikdruckes  zu  bewegen. 

2.  Vorrichtung  nach  Anspruch  1  ,  dadurch  gekenn- 
zeichnet,  da/S  das  erste  Stromungsmittel  Luft 
ist,  so  da/S  die  Vorrichtung  einen  hydraulisch 
angetriebenen,  pneumatischen  Verstarker  ent- 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  gekenn- 
zeichnet  durch  eine  Ventilanordnung  (81-88), 
die  mit  den  Leitungen  und  einem  Olbehalter 
(34)  in  Verbindung  steht  und  so  ausgebildet  20 
ist,  da/S  sie  den  Oldruck  in  den  Leitungen  auf 
einem  Pegel  zwischen  einem  gewahlten  hohen 
Pruckpegel  und  einem  gewahlten  niedrigen 
Druckpegel  halt,  indem  sie  in  der  notigen  Wei- 
se  Ol  zu  und  von  dem  Behalter  stromen  la/St.  25 

4.  Vorrichtung  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  da/S  der  Behalter  (34)  im  kastenarti- 
gen  Gehause  (10)  angeordnet  und  so  ausgebil- 
det  ist,  daR  er  durch  einen  beweglichen  Kol-  30 
ben  (35)  mit  Druck  beaufschlagt  wird,  der  unter 
dem  Einflu/S  von  Gas  der  ersten  Stufe  wirkt. 

5.  Vorrichtung  nach  einem  der  vorherigen  An- 
spruche,  dadurch  gekennzeichnet,  da/S  die  bei-  35 
den  Langsachsen  parallel  verlaufen,  so  da/S 
alle  Kolben  in  einer  gemeinsamen  Ebene  lie- 
gen. 

6.  Vorrichtung  nach  einem  der  vorherigen  An-  40 
spruche,  dadurch  gekennzeichnet,  da/S  die 
zwei  Luftkolben  (11,14)  der  ersten  Stufe  im 
wesentlichen  die  gleiche  Gro/Se  haben  und 
gro/Ser  sind  als  der  Luftkolben  (15)  der  dritten 
Stufe,  der  selbst  gro/Ser  ist  als  der  Luftkolben  45 
(18)  der  dritten  Stufe. 

7.  Vorrichtung  nach  einem  der  vorherigen  An- 
spruche,  gekennzeichnet  durch  eine  Zwischen- 
kuhleinrichtung  zum  Kuhlen  von  durch  Kom-  50 
pression  erhitztem  Gas,  die  im  Stromungsweg 
des  Gases  von  der  zweiten  Stufe  liegt. 
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