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(54)  Oil-free  scroll  vacuum  pump 

(57)  A  double-lap  oil-free  scroll  vacuum  pump  is  dis- 
closed,  which  comprises  a  revolving  scroll  3  with  revolv- 
ing  laps  26  and  27  provided  on  both  sides  of  a  disc, 
stationary  scrolls  provided  on  their  surfaces  4b,  5b  fac- 
ing  each  surface  3d,  3e  of  said  disc  with  stationary  laps 
6,  7  in  engagement  with  the  revolving  laps  26,  27,  said 
revolving  laps  26,  27  being  arranged  in  frictional  contact 
with  said  surfaces  4b,  5b  of  the  stationary  scrolls,  and  a 
rotationary  drive  shaft  1  1  penetrating  the  stationary  and 
revolving  scrolls  and  eccentrically  fitted  in  the  disc  of  the 
revolving  scroll  3,  wherein  the  rotational  drive  shaft  1  1 
drives  the  revolving  scroll  3  to  cause  discharge  of  com- 
pressed  gas  from  a  last  compression  chamber.  A  hous- 
ing  19  is  mounted  on  the  outer  sides  of  the  stationary 
scrolls,  and  accommodates  a  drive  source  of  the  rota- 
tional  drive  shaft  1  1  .  Discharge  passages  4d  and  5d  are 
provided  for  discharging  compressed  gas  from  the  sides 
of  the  surfaces  3d  and  3e  of  the  revolving  scroll  3.  The 
discharge  passages  4d  and  5d  extend  outwardly  from 
the  housing  19. 
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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  to  scroll  vacuum  pumps  per- 
mitting  the  compression  efficiency  improvement  and, 
more  particularly,  to  oil-free  scroll  vacuum  pumps  for 
improving  the  fluid  discharging  efficiency. 

Description  of  the  Related  Art 

Evacuation  of  a  vessel  is  usually  done  by  connect- 
ing  a  vacuum  pump  to  an  exhausting  port  of  the  vessel 
and  exhausting  air  and  other  gases  from  the  vessel  with 
the  vacuum  pump. 

In  a  low  vacuum  pressure  exhausting  system,  a 
vacuum  pump  unit  is  formed  by  accommodating  one  oil 
rotary  pump  in  one  vessel.  In  a  high  vacuum  pump  sys- 
tem,  a  wet  vacuum  pump  unit  is  formed  by  combining  an 
oil  diffusion  pump  and  a  oil  rotary  pump. 

In  these  units,  oil  is  evaporated  by  a  heater  in  the 
boiler,  and  the  steam  thus  generated  is  blown  out  to 
compress  diffused  gas.  The  compressed  gas  is  further 
compressed  by  the  rotary  pump  up  to  the  atmospheric 
pressure  and  discharged  to  the  outside. 

These  units  constitute  a  wet  exhausting  system  and 
have  a  problem  that  oil  produced  again  as  the  vapor 
which  is  attached  to  the  inner  walls  of  the  unit,  is  evapo- 
rated  again  and  flows  back  into  the  vessel,  that  is,  the 
reverse  flow,  a  cold  cap,  a  buffle,  a  trap  or  the  like  is 
used  for  cooling,  thus  complicating  the  construction.  In 
addition,  chlorine,  fluorine  or  like  gas  reacts  with  and 
denature  the  oil,  thus  increasing  the  rotational  resist- 
ance,  reducing  the  capacity  and  making  the  inspection 
and  maintenance  more  cumbersome. 

Accordingly,  dry  exhausting  systems  are  desired, 
and  recently  oil-free  scroll  pumps  have  attracting  atten- 
tion  as  vacuum  pump. 

The  scroll  vacuum  pump  has  stationary  and  revolv- 
ing  scroll  laps,  and  the  volume  of  sealed  space  defined 
between  the  two  laps  can  be  varied  by  causing  revolu- 
tion  of  the  revolving  scroll  relative  to  the  stationary  scroll 
without  causing  rotation  of  the  revolving  scroll. 

In  this  operation,  the  point  of  contact  between  the 
two  laps  defining  the  sealed  space,  which  functions  as 
the  compression  chamber,  is  gradually  shifted  toward 
the  pump  center. 

With  the  revolution  of  the  revolving  scroll  about  the 
center  the  stationary  scroll  lap  with  a  constant  radius  of 
revolution,  gas  entering  the  pump  through  a  suction  port 
thereof  is  led  around  the  peripheral  end  of  the  revolving 
scroll  lap  and  taken  in  a  sealed  space  defined  between 
the  two  laps. 

As  the  sealed  space  is  gradually  reduced  in  volume 
and  shifted  toward  the  center  with  the  revolution  of  the 
revolving  scroll,  the  gas  taken  in  the  sealed  space  is 
compressed,  and  is  discharged  to  the  outside  when  the 

sealed  space  is  brought  into  communication  with  a  dis- 
charge  port. 

The  scroll  vacuum  pump  is  either  of  a  single  lap 
type,  in  which  the  revolving  scroll  has  a  revolving  scroll 

5  lap  on  one  surface  of  its  disc  of  revolving  scroll,  or  a 
double  lap  type,  in  which  the  revolving  scroll  has  two 
revolving  scroll  laps  each  provided  on  each  of  the  both 
surfaces  of  its  disc.  This  double  lap  type  vacuum  pump 
is  disclosed  in  Japanese  Laid-Open  Patent  Publication 

w  No.  57-203801  (prior  art  1). 
As  shown  in  Fig.  6,  the  prior  art  1  discloses  a  scroll 

mechanism,  which  has  a  suction  port  206  for  supplying 
fluid  to  sealed  spaces  on  both  sides  of  a  revolving  scroll 
201  and  a  discharge  port  207  for  discharging  com- 

15  pressed  fluid. 
In  this  type  of  vacuum  scroll  pump,  the  laps  201b 

and  201c  on  the  both  sides  of  the  disc  201a  of  the 
revolving  scroll  201  may  have  only  one  half  the  lap 
height  in  the  case  of  the  single  lap  type  to  process  the 

20  same  volume  of  compressed  fluid.  This  means  that 
when  forming  the  laps  by  machining,  the  depth  of  grind- 
ing  from  the  lap  tip  to  the  mirror  finish  surface  can  be 
reduced,  thus  a  revolving  scroll  having  satisfactory 
processibility  can  be  provided. 

25  In  addition,  it  is  possible  to  reduce  the  discharge 
port  207  for  discharging  compressed  fluid  to  the  outside 
of  the  scroll  mechanism  so  as  to  increase  the  efficiency 
of  compressing  fluid. 

The  discharge  port  207  is  open  to  one  sealed 
30  space  200,  and  compressed  fluid  therein  200  can  be 

discharged  through  above  discharge  port  207.  How- 
ever,  compressed  fluid  in  the  other  sealed  space  210  is 
led  through  a  small  diameter  lead  hole  203  formed  in  a 
central  part  of  the  revolving  scroll  201  before  being  dis- 

35  charged  through  the  discharge  port  which  is  provided 
on  the  other  side  of  the  stationary  scroll.  Therefore,  the 
exhausting  efficiency  is  reduced  due  to  mechanical  loss 
when  the  compressed  fluid  is  discharged. 

The  mechanical  loss  may  be  reduced  by  sufficiently 
40  increasing  the  diameter  of  the  lead  hole  203  in  the 

revolving  scroll  201  .  In  this  case,  however,  the  efficiency 
of  compression  is  reduced. 

It  is  thus  desirable  to  provide  a  discharge  port  on 
each  side  of  the  revolving  scroll. 

45  Japanese  Laid-Open  Patent  Publication  No.  59- 
15690  (prior  art  2)  discloses  a  scroll  fluid  apparatus,  in 
which  a  suction  port  is  provided  on  each  side  of  a 
revolving  scroll  and  compressed  fluid  is  discharged 
through  a  single  discharge  port. 

so  As  shown  in  Fig.  5,  the  prior  art  2  discloses  a 
sealed  vessel  101,  in  which  a  lower  and  an  upper  sta- 
tionary  scroll  107  and  108  are  disposed. 

A  suction  duct  1  1  3  is  connected  to  a  hole  1  1  6  of  the 
upper  scroll  1  08,  and  a  suction  duct  1  1  4  is  connected  to 

55  an  opening  1  1  7  of  the  lower  stationary  scroll  1  07. 
A  revolving  scroll  112  is  interposed  between  the 

upper  and  lower  stationary  scrolls  108  and  107,  and 
laps  formed  on  opposite  sides  of  its  disc  engage  with 
the  stationary  scroll  laps  and  form  two  fluid  displace- 

2 
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ment  compressors  on  its  opposite  sides. 
A  shaft  103  of  a  motor  102  is  disposed  in  the  sealed 

vessel  101  ,  and  has  a  drive  gear  104  secured  to  it. 
Two  crankshafts  106  are  provided,  which  have 

driven  gears  1  05  to  which  torque  of  the  drive  gear  1  04  s 
is  transferred. 

The  crankshafts  106  are  supported  in  bearings  pro- 
vided  in  the  two  stationary  scrolls  108  and  107,  and 
their  central  eccentric  shaft  portions  106a  are  inserted 
in  respective  bearings  provided  in  the  disc  of  the  double  10 
side  revolving  scroll  1  12. 

The  upper  and  lower  stationary  scrolls  108  and  107 
have  an  upper  and  a  lower  discharge  port  1  1  1  and  110, 
respectively.  With  the  rotation  of  the  drive  shaft  1  03  the 
double  side  revolving  scroll  112  is  revolved,  and  com-  is 
pressed  fluid  discharged  from  the  discharge  ports  1  1  0 
and  1  1  1  is  led  through  a  discharge  duct  1  1  5  provided  on 
the  sealed  vessel  101. 

In  the  above  construction  according  to  the  prior  art 
2,  drive  power  is  transferred  from  the  drive  shaft  103  of  20 
the  drive  motor  102  via  the  drive  gear  104  and  driven 
gears  105  to  the  two  crankshafts  106,  106  180  degrees 
out-of-phase  from  each  other.  Therefore,  it  is  necessary 
to  give  considerations  to  the  precluding  of  errors  due  to 
the  backlash  of  the  gears.  25 

In  addition,  drive  power  is  transmitted  from  the 
eccentric  shaft  portions  1  06a  of  the  two  crankshafts  1  06 
and  106  to  the  revolving  scroll  112,  such  a  high  level 
technique  as  prevention  of  interference  between  the 
eccentric  shaft  portions  1  06a  is  necessary.  30 

In  the  meantime,  to  meet  a  recent  demand  for 
higher  vacuum  it  is  desired  to  reduce  operation  time  for 
obtaining  a  desired  vacuum. 

In  a  low  compression  ratio  vacuum  pump,  a  long 
time  is  taken  for  evacuation,  and  a  high  compression  35 
ratio  vacuum  pump  is  desired. 

The  compression  ratio  can  be  increased  by 
increasing  the  turns  number  of  spiral  scrolls.  Increasing 
the  turns  number,  however,  increases  the  scroll  size, 
thus  giving  rise  to  the  problems  of  the  generation  of  40 
vibrations  of  revolution  due  to  flexion  of  the  shaft  in  high 
speed  rotation  and  of  noise  or  heat  due  to  non-uniform 
contact  between  stationary  and  revolving  scrolls,  by 
which  the  durability  is  reduced. 

To  solve  these  problems,  it  has  been  proposed  to  a  45 
method  to  use  two  vacuum  pumps,  in  which  the  scroll 
size  is  not  large  and  the  turns  number  is  small,  drive 
together  these  pumps  by  connecting  the  suction  end  of 
the  second  stage  one  to  the  discharge  duct  of  the  first 
stage  one.  so 

However,  in  such  a  series  pump  drive  system,  in 
which  fluid  having  been  compressed  in  the  first  stage  is 
further  compressed  in  the  second  stage,  oil  that  may  be 
present  during  the  flow  of  fluid  from  the  first  to  the  sec- 
ond  stage  would  lead  to  durability  deterioration  of  the  55 
vacuum  pumps. 

From  this  standpoint,  in  the  prior  art  2,  as  shown  in 
Fig.  5,  compressed  fluid  exhausted  from  the  upper  and 
lower  discharge  port  111,  110  fills  a  lower  space  in  the 
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frame  118,  in  which  the  motor  102  is  disposed,  and  is 
discharged  to  the  outside  when  the  pressure  in  the 
space  becomes  higher  than  the  external  pressure. 

Therefore,  lubricant  or  the  like  on  the  shaft  13  may 
contaminate  the  motor  102,  supports  thereof  and  other 
parts. 

Japanese  Laid-Open  Patent  Publication  No.  6- 
66271  shows  a  scroll  compressor  using  a  diffuser. 

As  shown  in  Fig.  7,  this  scroll  compressor  has  a  dif- 
fuser  312,  which  extends  from  a  compressed  fluid  dis- 
charge  port  373  formed  in  a  portion  of  a  stationary  scroll 
348  corresponding  to  a  final  compression  chamber  300 
defined  by  a  stationary  scroll  lap  346  and  a  revolving 
scroll  lap  342.  Compressed  fluid  is  led  through  the  dif- 
fuser  312  before  being  exhausted  from  an  opening  375, 
by  which  efficiency  of  compressor  is  improved. 

The  above  related  art  enables  compressing  gas 
and  exhausting  the  compressed  gas.  However,  in  appli- 
cation  to  a  vacuum  pump,  gases  which  are  harmful  to 
the  body  of  the  man  may  be  generated  in  dependence 
on  the  using  purpose  of  the  vessel  to  be  evacuated;  for 
example,  in  application  to  a  process  of  semiconductor 
manufacture  harmful  gases  to  the  man's  body  are  gen- 
erated.  Such  gases  cannot  be  made  harmless. 

OBJECT  AND  SUMMARY  OF  THE  INVENTION 

In  view  of  the  foregoing,  it  is  an  object  of  the  inven- 
tion  to  provide  an  oil-free  scroll  vacuum  pump,  which 
has  a  dry  scroll  mechanism  having  a  double  lap  revolv- 
ing  scroll,  and  in  which  the  compressed  gas  exhausting 
efficiency  is  not  reduced. 

Another  object  of  the  invention  is  to  provide  an  oil- 
free  scroll  vacuum  pump,  which  is  free  from  partial  load 
due  to  slant  framework  on  the  revolving  scroll  inter- 
posed  between  both  stationary  scroll  laps  and  interfer- 
ence  among  components  accompanying  the  revolving 
scroll. 

A  further  object  of  the  invention  is  to  provide  an  oil- 
free  scroll  vacuum  pump,  which  has  high  cooling  effi- 
ciency  and  compact  construction. 

According  to  a  first  aspect  of  the  invention,  a  dou- 
ble-lap  oil-free  vacuum  pump  is  provided,  which  com- 
prises  a  revolving  scroll  with  revolving  laps  provided  on 
both  sides  of  a  disc,  and  stationary  scrolls  each  with  a 
stationary  lap  formed  on  the  surface  facing  each  surface 
of  the  disc  of  the  stationary  scroll,  the  stationary  lap 
being  in  engagement  with  each  of  the  revolving  laps,  the 
stationary  scrolls  supporting  the  revolving  scrolls  in  fric- 
tional  contact  therewith,  the  stationary  scrolls  each  hav- 
ing  a  disc  with  a  discharge  passage  for  discharging 
compressed  fluid  on  each  side  of  the  revolving  scroll. 

As  shown  in  Figs.  1  and  2,  a  double-lap  oil-free 
scroll  vacuum  pump  is  constructed,  which  comprises  a 
revolving  scroll  3  with  revolving  laps  26  and  27  provided 
on  both  sides  of  a  disc,  and  stationary  scrolls  (housings) 
4  and  5  each  with  a  stationary  lap  6,  7  formed  on  the 
surface  4b,  5b  facing  each  surface  3d,  3e  of  the  disc  of 
the  stationary  scroll  3,  the  stationary  lap  6,  7  being  in 
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engagement  with  each  of  the  revolving  laps  26  and  27, 
the  stationary  scrolls  supporting  the  revolving  scrolls  in 
frictional  contact  therewith. 

The  stationary  scrolls  each  have  a  disc  with  a  dis- 
charge  passage  4d,  5d  for  discharging  compressed 
fluid  on  each  side  of  the  revolving  scroll. 

Compressed  air  is  thus  exhausted  from  discharge 
passages  4d  and  5d  each  provided  exclusively  on  each 
side  of  the  revolving  scroll  3,  and  the  efficiency  of 
exhausting  compressed  gas  is  improved. 

According  to  a  second  aspect  of  the  invention,  an 
oil-free  scroll  vacuum  pump  for  compressing  gas  in  a 
pump  body  and  discharging  the  compressed  gas 
through  a  diffuser  to  the  outside  of  the  pump  body  is 
provided,  which  comprises  ejector  means  for  forcing  to 
lead  ejector  compressed  gas  into  the  diffuser  to  dis- 
charge  compressed  gas  from  the  pump  body. 

It  is  effective  means  according  to  the  second  aspect 
of  the  invention  to  provide  the  diffuser  between  a  final 
compression  chamber  defined  by  a  stationary  scroll  and 
a  revolving  scroll  and  the  discharge  passage. 

As  shown  in  Fig.  2,  to  discharge  the  compressed 
gas  having  been  compressed  from  the  pump  body  to 
the  outside  thereof,  a  diffuser  3b  in  communication  with 
a  discharge  port  4c  is  communicated  with  a  lead  pas- 
sage  3  connected  with  an  ejector  vessel  to  lead  com- 
pressed  gas  of  ejection  vessel  therefrom  through  the 
lead  passage. 

Final  compression  chambers  defined  by  the  sta- 
tionary  and  revolving  scrolls  are  communicated  with  the 
diffuser  3b  via  openings  3g  and  3h. 

As  shown  in  Fig.  3,  to  discharge  compressed  gas 
from  the  pump  body  to  the  outside,  a  diffuser  34  in  com- 
munication  with  a  discharge  port  34b  is  communicated 
with  a  lead  passage  35  in  communication  with  the  ejec- 
tor  vessel  to  lead  compressed  gas  of  ejector  vessel 
through  the  lead  passage. 

Final  compression  chamber  defined  by  the  station- 
ary  and  revolving  scrolls  are  communicated  with  the  dif- 
fuser  34  via  discharged  hole  45. 

With  this  construction,  when  the  ejector  com- 
pressed  gas  from  the  ejector  means  which  flows  into  the 
diffuser  expand  at  the  outlet  of  the  diffuser,  it  causes  a 
pressure  reduction  in  the  diffuser. 

Compressed  gas  from  the  vacuum  pump  is  thus 
sucked  by  a  negative  pressure  produced  by  the  pres- 
sure  reduction  noted  above  and  discharged  into  the  dif- 
fuser,  and  exhausted  together  with  the  ejector 
compressed  gas  from  the  ejector  means  through  the  dif- 
fuser  outlet  to  the  outside  of  the  vacuum  pump  body. 

With  the  ejector  vessel  compressed  gas  from  ejec- 
tor  means  introduced  by  nitrogen  gas  (N2)  into  the  dif- 
fuser,  any  harmful  gas  which  may  be  contained  in  the 
vessel  can  be  diluted  by  the  nitrogen  gas  even  though  it 
is  concentrated  in  the  compression  process  for  evacua- 
tion. 

According  to  a  third  aspect  of  the  invention,  a  dou- 
ble-lap  oil-free  scroll  vacuum  pump  is  provided,  which 
comprises  a  revolving  scroll  with  revolving  laps  provided 

on  both  sides  of  a  disc,  and  stationary  scrolls  each  with 
a  stationary  lap  formed  on  the  surface  facing  each  sur- 
face  of  the  disc  of  the  stationary  scroll,  the  stationary  lap 
being  in  engagement  with  each  of  the  revolving  laps,  on 

5  which  the  stationary  scrolls  supporting  the  revolving 
scrolls  in  frictional  contact  therewith,  an  eccentric  shaft 
portion  being  fitted  in  the  revolving  scroll  disc  in  an 
eccentric  relation  thereto,  and  both  side  portions  of  the 
eccentric  shaft  portion  being  rotationally  supported  in 

10  stationary  scroll  side  bearings. 
It  is  effective  means  according  to  the  third  aspect  of 

the  invention  to  provide  fans,  which  are  mounted  out- 
side  the  bearings  and  rotated  by  the  same  drive  source 
as  for  the  eccentric  shaft  portion  and  cool  the  stationary 

15  scrolls. 
It  is  effective  means  according  to  the  third  aspect  of 

the  invention  to  provide  a  discharge  passage  for  dis- 
charging  compressed  gas  between  each  fan  and  the 
outer  surface  of  each  stationary  scroll. 

20  As  shown  in  Fig.  1  ,  an  eccentric  shaft  portion  1  1  a  is 
in  the  disc  of  the  revolving  scroll  3  in  an  eccentric  rela- 
tion  thereto,  with  its  both  sides  rotationally  supported  in 
bearings  52  and  53  on  the  side  of  the  stationary  scrolls 
4  and  5. 

25  Cooling  fans  12  and  13  are  mounted  outside  the 
bearings  52  and  53  and  rotated  by  the  same  drive 
source  as  for  the  eccentric  shaft  portion  1  1  a  for  cooling 
the  stationary  scrolls  4  and  5.  Discharge  passages  4d 
and  5d  for  discharging  compressed  gas  are  each  pro- 

30  vided  between  each  fan  12,  13  and  the  outer  surface  of 
each  stationary  scroll. 

With  this  construction,  the  eccentric  shaft  portion  is 
stable  with  respect  to  the  stationary  scrolls,  and  the 
pump  is  free  from  the  problems  of  the  generation  of 

35  vibrations  of  revolution  due  to  flexion  of  the  shaft  in  high 
speed  rotation  or  of  noise  and  heat,  or  reduction  of  the 
durability  due  to  non-uniform  contact  between  the  sta- 
tionary  and  revolving  scrolls  resulting  from  the  flexion  of 
the  shaft  or  other  causes. 

40  With  the  fans  1  2  and  1  3  mounted  on  portions  of  the 
drive  shaft  1  1  outside  the  bearings,  the  outer  surfaces 
of  both  the  stationary  scrolls  can  be  cooled  by  the  same 
drive  source  as  for  the  eccentric  shaft  portion,  that  is, 
with  a  single  drive  source  for  driving  the  revolving  scrolls 

45  and  without  need  of  any  extra  drive  source.  It  is  thus 
possible  to  simplify  the  construction  and  provide  a  com- 
pact  scroll  mechanism. 

As  shown,  the  eccentric  shaft  portion  which  is  fitted 
in  the  disc  of  the  revolving  scroll  has  its  end  portions 

so  rotatably  supported  in  the  stationary  scroll  side  bear- 
ings,  the  cooling  fans  are  mounted  outside  the  bearings 
and  are  rotated  by  the  same  drive  source  as  for  the 
eccentric  shaft  portion,  and  the  discharge  passages  for 
discharging  compressed  gas  are  each  provided 

55  between  each  fan  and  the  outer  surface  of  each  station- 
ary  scroll. 

With  this  construction,  the  bearings  and  the  dis- 
charge  passages  can  be  provided  in  the  spaces 
between  the  fans  and  the  outer  surfaces  of  the  station- 

4 
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ary  scrolls,  and  it  is  thus  possible  to  provide  a  scroll 
mechanism,  which  is  free  from  exhausting  efficiency 
reduction  and  compact  in  construction. 

Besides,  the  spaces  between  the  fans  and  the  outer 
surfaces  of  the  stationary  scrolls  extend  from  the  outer 
periphery  of  each  of  the  bearings  and  are  open  toward 
the  outside  over  360  degrees  except  for  such  mounting 
members  as  frames  and  housings.  A  high  freedom  of 
design  is  thus  provided  for  the  disposition  of  the  dis- 
charge  port. 

According  to  a  fourth  aspect  of  the  invention,  a  dou- 
ble-lap  oil-free  scroll  mechanism  is  provided,  which 
comprises  a  double-lap  oil-free  scroll  mechanism 
including  a  revolving  scroll  with  revolving  laps  provided 
on  both  sides  of  a  disc  of  revolving  scroll,  and  an  eccen- 
tric  shaft  being  fitted  in  the  revolving  scroll  disc  in  an 
eccentric  relation  thereto  for  driving  revolving  scroll, 
both  side  portions  of  the  eccentric  shaft  being  rotation- 
ally  supported  in  stationary  scroll  side  bearings,  and  in 
which  fans  are  mounted  outside  the  bearing  and  rotated 
by  the  same  drive  source  as  for  the  eccentric  shaft  for 
cooling  the  stationary  scrolls,  and  thus  it  is  an  oil-free 
scroll  vacuum  pump  which  a  lead  passage  of  above 
ejection  is  provided  between  the  above  fans  and  the 
outer  surface  of  above  stationary  scroll. 

With  this  scroll  mechanism  of  the  double-lap  type, 
in  which  the  both  side  of  the  eccentric  shaft  portion  fitted 
in  the  revolving  scroll  disc  in  an  eccentric  relation 
thereto  are  rotatably  supported  in  the  stationary  scroll 
side  bearings,  the  eccentric  shaft  portion  is  made  stable 
with  respect  to  the  stationary  scrolls,  and  the  pump  is 
thus  free  form  the  problems  of  the  generation  of  vibra- 
tion  of  revolution  due  to  flexion  of  the  shaft  in  high  speed 
rotation  and  noise  and  heat  or  durability  reduction  due 
to  non-uniform  contact  between  the  stationary  and 
revolving  scrolls  resulting  from  flexion  of  shaft  or  other 
causes. 

With  the  fans  mounted  outside  the  bearings  and 
rotated  by  the  same  drive  source  as  for  the  eccentric 
shaft  portion  for  cooling  the  stationary  scrolls,  the  outer 
surfaces  of  the  both  stationary  scrolls  are  cooled  from 
the  single  drive  source  for  driving  the  revolving  scroll. 
No  extra  drive  source  for  driving  the  fans  is  thus  unnec- 
essary,  and  it  is  possible  to  simplify  the  construction  and 
provide  a  compact  scroll  mechanism. 

With  the  ejector  passages  provided  between  the 
fans  and  the  outer  surfaces  of  the  stationary  scrolls,  a 
compact  scroll  mechanism  can  be  provided. 

According  to  a  fifth  aspect  of  the  invention,  an  oil- 
free  scroll  vacuum  pump  is  provided,  which  comprises  a 
plurality  of  vacuum  pump  bodies  connected  in  series  by 
valve  means,  and  in  which  the  vacuum  pump  bodies 
each  comprise  a  revolving  scroll  with  revolving  laps  pro- 
vided  on  both  sides  of  a  disc,  stationary  scrolls  each 
with  stationary  lap  formed  on  the  surface  facing  each 
surface  of  the  disc  of  the  revolving  scroll,  the  stationary 
lap  being  in  engagement  with  each  of  the  revolving  laps, 
the  stationary  scrolls  supporting  the  revolving  scrolls 
being  in  frictional  contact  therewith,  rotational  drive 

means  penetrating  the  stationary  and  revolving  scrolls 
and  eccentrically  fitted  in  the  revolving  scroll  disc,  a 
housing  mounted  on  the  outside  surface  of  the  station- 
ary  scrolls  and  accommodating  the  rotational  drive 

5  means,  and  a  discharge  passage  for  discharging  com- 
pressed  gas  from  each  side  of  the  revolving  scroll  to  the 
disc  of  each  of  the  stationary  scroll,  and  the  valve 
means  is  selectively  controlled  for  an  action  of  commu- 
nicating  to  the  outside  with  a  space  between  the  dis- 

10  charge  passage  of  a  preceding  stage  vacuum  pump 
and  suction  port  of  a  succeeding  stage  vacuum  pump, 
and  an  action  for  connecting  in  series  a  preceding  vac- 
uum  pump  and  a  succeeding  stage  vacuum  pump. 

According  to  the  fifth  aspect  of  the  invention,  as 
15  shown  in  Fig.  4,  a  plurality  of  oil-free  scroll  vacuum 

pumps  are  connected  in  series,  and  valve  means  21 
and  22  are  provided  for  selectively  controlling  an  action 
of  communicating  a  space  between  the  discharge  pas- 
sage  of  a  first  stage  vacuum  pump  body  1  A  and  a  suc- 

20  tion  port  8  of  a  second  stage  vacuum  pump  body  1  D, 
and  an  action  for  connecting  in  series  the  first  and  sec- 
ond  stage  vacuum  pump  bodies  1A  and  1D  to  each 
other. 

When  a  vessel  to  be  evacuated  is  connected  to  the 
25  suction  port  8  of  the  preceding  stage  pump  body  1  A,  in 

an  initial  stage  of  the  operation  the  pressure  in  the  ves- 
sel  is  close  to  the  atmospheric  pressure,  the  sucked  gas 
is  brought  to  a  high  pressure  in  a  compression  process 
in  the  preceding  stage  pump  body  1A. 

30  However,  the  compressed  gas  under  high  pressure 
is  not  supplied  to  the  succeeding  stage  pump  body  1  D 
is  discharged  through  the  valve  means  21  and  22  to  the 
outside. 

When  the  pressure  of  the  compressed  gas  from  the 
35  preceding  stage  pump  body  1A  becomes  lower  than  a 

predetermined  pressure,  the  valve  means  21  and  22 
are  closed,  and  the  compressed  gas  from  the  pump 
body  1  A  is  supplied  to  the  preceding  stage  pump  body 
1  D  for  further  compression. 

40  Thus,  no  compression  gas  under  a  pressure  higher 
than  the  atmospheric  pressure  is  sucked  into  the  sec- 
ond  stage  pump  body  1  D.  No  excessive  compression 
and  heating  thus  take  place  in  the  second  stage  pump 
body  1  D,  and  neither  durability  reduction  of  the  second 

45  stage  pump  body  1  D  nor  burn  thereof  to  cause  damage 
thereto  results  from  heat  generation  that  might  other- 
wise  result  from  a  high  pressure. 

In  addition,  since  independent  drive  sources  rotate 
a  plurality  of  vacuum  pumps,  for  instance  the  first  and 

so  second  vacuum  pumps,  they  can  be  given  optimum 
rotations  corresponding  to  compressed  gas  loads 
based  on  compression  ratios  of  the  first  and  second 
pumps. 

When  the  pressure  of  the  compressed  gas  in  the 
55  first  stage  pump  exceeds  atmospheric  pressure  in  an 

initial  stage  of  evacuation  of  a  vessel,  only  the  first  stage 
pump  is  driven  to  exhaust  the  compressed  gas  through 
the  valve  means  to  the  outside  in  a  low  viscous  flow 
range  corresponding  to  a  low  range  of  vacuum  in  the 

5 
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vessel,  and  when  the  compressed  gas  pressure  in  the 
first  stage  pump  becomes  lower  than  the  atmospheric 
pressure,  the  second  stage  pump  may  be  driven  for 
economical  driving. 

Since  the  discharge  passages  for  exhausting  the 
dry  system  compressed  gas  are  each  provided  in  each 
of  the  stationary  scroll  discs,  they  can  extend  to  the  out- 
side  of  the  housings  mounted  on  the  outer  surfaces  of 
the  stationary  scrolls.  Thus,  no  lubricant  or  the  like  is 
introduced  into  compressed  gas  from  the  revolving 
scroll  drive  source,  and  it  is  possible  to  realize  a  high 
compression  ratio  by  connecting  the  first  and  second 
stage  pumps  in  series. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  showing  a  basic  embodi- 
ment  of  the  oil-free  scroll  vacuum  pump  according 
to  the  invention; 
Fig.  2  is  a  schematic  view  showing  a  second 
embodiment  of  the  oil-free  scroll  vacuum  pump 
according  to  the  invention; 
Fig.  3  is  a  schematic  view  showing  a  third  embodi- 
ment  of  the  oil-free  scroll  vacuum  pump  according 
to  the  invention; 
Fig.  4  is  a  schematic  view  showing  a  fourth  embod- 
iment  of  the  oil-free  scroll  vacuum  pump  composed 
of  2  steps  according  to  the  invention; 
Fig.  5  is  a  view  showing  prior  art  1  related  to  the 
double-lap  scroll  mechanism; 
Fig.  6  is  a  view  showing  prior  art  2  related  to  the 
double-lap  scroll  mechanism;  and 
Fig.  7  is  a  view  showing  prior  art  related  to  the  scroll 
mechanism  using  a  diffuser. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Embodiments  of  the  invention  will  now  be 
described  in  detail.  It  is  to  be  construed  that  unless  par- 
ticularly  described,  the  sizes,  shapes,  relative  disposi- 
tions,  etc.  of  the  constituent  parts  mentioned  in  the 
description  of  the  embodiments  have  no  sense  of  limit- 
ing  the  scope  of  the  invention  but  are  merely  exemplary. 

Fig.  1  is  a  side  view  showing  a  basic  construction  of 
the  oil-free  scroll  vacuum  pump  according  to  the  inven- 
tion. 

Referring  to  Fig.  1  ,  a  vacuum  pump  body  1  A  has  a 
shaft  1  1  ,  which  has  its  right  end  coupled  to  a  drive  shaft 
of  a  motor  2  and  can  be  rotated  by  the  torque  thereof. 

The  shaft  1  1  has  a  central  eccentric  portion  1  1  a 
having  a  slightly  swelled  diameter.  The  eccentric  shaft 
portion  11a  has  opposite  end  portions  rotatably  sup- 
ported  via  bearings  52  and  53  and  packings  15  and  16 
in  housings  4  and  5. 

The  housings  4  and  5  constitute  stationary  scrolls 
and  cup-shaped,  and  their  peripheral  walls  function  as 
casings  and  sealed  together  via  a  seal  member,  forming 
a  sealed  space  in  them. 

The  housing  4  has  a  lap  sliding  surface  4b  perpen- 
dicular  to  its  axis  and  an  opening  hole  is  provided  on  the 
central  portion  of  a  sliding  surface  4b,  consequently  a 
portion  of  the  shaft  1  1  which  is  out  of  eccentric  shaft 

5  portion  1  1a  and  is  not  eccentric,  is  fitted  rotatably  to  the 
opening  hole. 

The  housing  4  has  a  spiral  lap  7  with  the  inner  end 
thereof  located  near  opening  hole.  The  lap  7  has  a  tip 
groove,  in  which  a  self-lubricating  tip  seal  14  of  a  fluo- 

10  rine  resin  or  the  like  is  fitted  in  the  tip  groove  to  provide 
a  completely  sealed  state  in  contact  with  an  opposed 
lap  sliding  surface. 

A  discharge  port  4c  is  open  in  the  lap  sliding  sur- 
face  4b  near  the  tip  of  the  lap  7.  Compressed  gas  dis- 

15  charged  from  the  discharge  port  4c  is  exhausted 
through  a  discharge  passage  4d  and  discharged  to  the 
outside  through  a  discharge  opening  9B  provided  in  the 
outer  surface  4a  of  the  housing  4a. 

Three  revolving  mechanism  sets  17  are  provided 
20  on  the  peripheral  wall  of  the  housing  4  at  a  circumferen- 

tial  interval  of  1  20  degrees. 
The  revolving  mechanisms  17  is  coupled  to  a 

revolving  scroll  to  be  described  later. 
The  peripheral  wall  4a  of  the  housing  4  has  a  suc- 

25  tion  port  8,  which  is  in  turn  coupled  to  a  vessel  (not 
shown)  to  be  evacuated,  and  gas  therein  is  sucked 
through  an  opening  8a. 

The  housing  5  has  a  lap  sliding  surface  5b  perpen- 
dicular  to  its  axis  and  a  opening  hole  is  provided  on  the 

30  central  portion  of  a  sliding  surface  5b,  consequently  a 
portion  of  the  shaft  1  1  which  is  out  of  eccentric  shaft 
portion  1  1  and  is  not  eccentric,  is  fitted  rotatably  to  the 
opening  hole. 

The  housing  5  has  a  spiral  lap  6  with  the  inner  end 
35  thereof  located  near  opening  hole.  The  lap  6  has  a  tip 

groove,  in  which  a  tip  seal  14  is  fitted  to  provide  a  com- 
pletely  sealed  state  in  contact  with  an  opposed  sliding 
surface. 

A  discharge  port  5c  is  open  in  the  lap  sliding  sur- 
40  face  5b  near  the  inner  end  of  the  lap  6.  Compressed  gas 

discharged  from  the  discharge  port  5c  is  exhausted 
through  a  discharge  passage  5d  and  discharged  to  the 
outside  through  a  discharge  opening  9A  formed  in  the 
peripheral  wall  5a  of  the  housing  5. 

45  A  revolving  scroll  3  is  rotatably  disposed  in  a  space 
defined  by  the  housings  4  and  5. 

The  revolving  scroll  3  has  a  disc,  which  has  laps  26 
and  27  formed  on  its  opposite  side  surfaces  3d  and  3e 
and  engaged  with  the  stationary  scroll  laps. 

so  The  revolving  scroll  3  has  a  central  hole  3a,  which 
is  rotatably  penetrated  by  the  eccentric  portion  1  1  a  of 
the  shaft  1  1  .  The  central  hole  3a  is  surrounded  by  laps 
26a  and  27a  over  the  entire  length  of  the  eccentric  shaft 
portion  1  1  . 

55  Fans  12  and  13  for  cooling  the  pump  are  provided 
on  portions  of  the  shaft  1  1  on  the  outer  sides  of  the 
housings  5  and  4.  Covers  1  8  and  1  9  having  pluralities  of 
air  vent  holes,  are  mounted  on  the  housings  4  and  5  and 
cover  the  fans. 

6 
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The  revolving  mechanisms  17  described  above, 
which  are  supported  at  one  end  on  the  housing  4,  are 
supported  at  the  other  end  on  the  outer  periphery  of  the 
revolving  scroll  3  to  cause  revolving  of  the  revolving 
scroll  about  an  axis  of  revolving,  which  is  eccentric  with 
respect  to  the  stationary  scrolls. 

The  operation  of  the  embodiment  having  the  above 
construction  will  be  described. 

Referring  to  Fig.  1  ,  rotation  of  the  shaft  1  1  causes 
revolving  of  the  revolving  scroll  3  to  suck  gas  from  the 
vessel  (not  shown). 

The  sucked  gas  is  taken  in  from  the  outer  ends  of 
the  stationary  scroll  laps  6  and  7  by  the  revolving  scroll 
laps  26  and  27  into  sealed  spaces,  which  are  defined  by 
the  stationary  and  revolving  scroll  laps,  for  compression 
in  these  sealed  spaces,  the  compressed  gas  being  dis- 
charged  through  the  discharge  ports  4c  and  5c. 

In  this  embodiment,  compressed  gas  can  be 
exhausted  through  the  discharge  passages  5d  and  4d 
each  provided  for  each  side  (i.  e.,  each  of  the  revolving 
laps  6  and  7)  of  the  revolving  scroll  3.  It  is  thus  possible 
to  reduce  mechanical  loss  and  improve  the  efficiency  of 
discharging  compressed  gas. 

Since  the  discharge  passages  5d  and  4d  are  pro- 
vided  in  outer  portions  5e  and  4e  of  the  stationary 
scrolls  and  extend  outward  from  the  housings  18  and 
1  9,  it  is  possible  to  obtain  a  dry  state  of  operation  in  the 
case  of  connecting  a  plurality  of  vacuum  pumps  as  well. 

Since  the  eccentric  shaft  portion  1  1  a  penetrating 
the  disc  of  the  revolving  scroll  3  in  an  eccentric  relation 
thereto,  has  its  opposite  end  portions  rotatably  sup- 
ported  in  the  stationary  scroll  side  bearings  52  and  53, 
the  eccentric  shaft  portion  is  stable  with  respect  to  the 
stationary  scrolls. 

The  vacuum  pump  further  is  free  form  the  above 
problems  of  the  generation  of  noise  and  heat  or  the 
durability  reduction  due  to  warping  and  vibrations  of  the 
shaft  at  high  rotation  speed  and  non-uniform  contact 
between  the  stationary  and  revolving  scrolls  due  to 
warping  of  the  shaft. 

The  fans  12  and  13  for  cooling  the  scroll  which  are 
mounted  outside  of  bearing  52,  53,  are  driven  by  the 
same  drive  source  as  for  the  eccentric  shaft  portion 
1  1  a.  The  outer  portions  4e  and  5e  of  the  both  stationary 
scrolls  thus  can  be  cooled  from  the  same  drive  source  2 
as  for  driving  the  revolving  scrolls  3. 

Thus,  no  extra  drive  source  is  needed  to  drive  the 
fans,  the  construction  can  be  simplified,  and  it  is  possi- 
ble  to  provide  a  compact  scroll  mechanism. 

Since  the  discharge  passages  4d  and  5d  which  dis- 
charge  compressed  gas,  are  provided  between  the  fans 
12,  13  and  the  stationary  scroll  outer  portions,  the  bear- 
ings  and  the  discharge  passages  4d  and  5d  can  be  pro- 
vided  in  the  space  between  the  above  fans  12,  13  and 
the  stationary  scroll  outer  portion  5e,  4e,  thus  it  is  pos- 
sible  to  provide  a  compact  scroll  mechanism  without 
reduction  of  discharging  efficiency. 

In  this  embodiment,  the  spaces  between  the  fans 
1  2  and  1  3  and  the  outer  portions  4e  and  5e  of  the  sta- 

tionary  scrolls,  extend  from  the  outer  peripheries  of  the 
bearings  15  and  16  and  are  open  to  the  outside  over 
360  degrees  except  for  mounting  parts  such  as  frames 
and  housings.  The  discharge  passages  5d  and  4d  thus 

5  can  be  disposed  in  a  range  of  substantially  360  degrees 
in  the  side  view  of  Fig.  1  ,  and  a  high  degree  of  freedom 
can  be  ensured  for  the  disposition  of  the  discharge 
ports  9Aa  and  9Ba. 

Fig.  2  is  a  sectional  view  showing  a  second  embod- 
10  iment  of  the  Oil-free  scroll  vacuum  pump  according  to 

the  invention. 
This  embodiment  is  the  same  as  the  preceding 

embodiment  shown  in  Fig.  1  except  for  that  a  diffuser  3b 
is  communicated  with  the  final  sealed  spaces,  which  are 

15  defined  by  the  revolving  and  stationary  scrolls  in  com- 
munication  with  the  discharge  port  4d,  and  that  in  lieu  of 
the  other  discharge  port  5d  a  passage  5g  in  communi- 
cation  with  ejector  means  is  connected  to  the  diffuser 
3b. 

20  For  the  remainder  of  the  construction,  the  embodi- 
ment  is  the  same  as  the  preceding  embodiment  shown 
in  Fig.  1  ,  and  like  parts  are  designated  by  like  reference 
numerals  and  symbols. 

The  revolving  scroll  3  has  a  central  hole  3a,  which 
25  is  rotatably  penetrated  by  the  eccentric  portion  1  1  a  of 

the  shaft  1  1  noted  above,  is  surrounded  by  laps  26a  and 
27a  over  the  entire  length  of  the  eccentric  portion  1  1  a  of 
the  shaft  1  1  . 

The  diffuser  3b  is  provided  adjacent  to  the  hole  3a. 
30  The  diffuser  3b  is  provided  with  flare-shaped  large 

diameter  toward  the  outer  end  of  lap  26  and  with  trum- 
pet-shaped  small  diameter  toward  the  center  portion, 
and  it  has  a  small  diameter  nozzle  3f  at  its  center. 

The  diffuser  3b  further  has  a  trumpet-shaped  por- 
35  tion  flaring  toward  the  outer  end  of  the  lap  27. 

Holes  3g  and  3h  communicating  with  the  final 
sealed  paces  defined  by  the  stationary  and  revolving 
laps  are  open  to  the  diffuser  3b. 

The  peripheral  wall  5a  of  the  housing  5  has  a  suc- 
40  tion  port  28,  which  is  coupled  to  an  ejector  vessel  (not 

shown  on  drawing)  accommodating  compressed  nitro- 
gen  gas,  from  where  the  ejector  compressed  gas  in  the 
vessel  is  led  through  the  suction  port  28a. 

A  hole  5f  is  open  in  a  portion  of  the  lap  sliding  sur- 
45  face  5b  near  the  end  of  the  lap  26,  and  a  passage  5d  is 

led  from  the  hole  5f  to  the  suction  port  28  in  the  periph- 
eral  wall  5a  of  the  housing  5. 

The  hole  5f  and  the  discharge  port  4c  may  be 
always  communicated  with  the  diffuser  3b.  Alternately, 

so  they  may  be  communicated  with  the  diffuser  3b  in  syn- 
chronism  to  the  instant  when  the  final  sealed  chamber 
are  brought  to  a  maximum  volume  with  the  revolution  of 
the  revolving  scroll  3. 

Instead  of  forming  the  central  small  diameter  nozzle 
55  3f  of  the  diffuser  3b,  it  is  possible  to  set  such  that  the  lap 

end  facing  the  hole  5f  is  a  large  diameter,  a  portion 
extending  from  this  large  diameter  portion  to  the  dis- 
charge  opening  4c  is  progressively  reduced  in  diameter, 
and  the  discharge  passage  4d  extending  from  the  dis- 

7 
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charge  opening  4c  has  a  large  diameter. 
The  operation  of  the  second  embodiment  having 

the  above  construction  will  now  be  described. 
Referring  to  Fig.  2,  rotation  of  the  shaft  1  1  causes 

revolving  of  the  revolving  scroll  3  to  suck  gas  from  the  s 
vessel  (not  shown). 

The  sucked  gas  is  taken  from  the  outer  ends  of  the 
stationary  scrolls  lap  6  and  7  in  the  sealed  spaces 
defined  by  the  revolving  scroll  laps  26  and  27  to  be  com- 
pressed  by  the  sealed  spaces.  10 

Ejector  vessel  compressed  gas  is  led  by  ejector 
means  through  the  hole  5f  into  the  diffuser  3b. 

The  gas  taken  in  the  sealed  spaces  defined  by  the 
stationary  and  revolving  scroll  laps  is  compressed,  and 
when  the  final  sealed  spaces  are  communicated  with  is 
the  openings  3g  and  3h,  the  compressed  gas  is 
exhausted  into  the  diffuser  3b. 

At  this  time,  the  compressed  gas  is  discharged 
together  with  the  ejector  vessel  compressed  gas  from 
the  ejector  means  through  the  discharge  port  4c.  20 

As  shown,  in  the  second  embodiment  with  nitrogen 
gas  (N2)  ejected  as  the  ejector  vessel  compressed  gas 
from  the  ejector  means  into  the  diffuser,  harmful  gas 
from  the  vessel  to  be  evacuated  and  concentrated,  if 
any,  in  the  compression  process  for  evacuation,  can  be  25 
diluted  by  the  nitrogen  gas. 

In  the  second  embodiment,  again  a  double-lap 
scroll  mechanism  is  constituted  by  the  revolving  laps  26 
and  27  on  the  both  side  surfaces  of  the  disc  of  the 
revolving  scroll  3,  and  the  eccentric  shaft  portion  22a  30 
penetrating  the  disc  in  an  eccentric  relation  thereto  has 
its  end  portions  rotatably  supported  by  the  stationary 
scroll  side  bearings  52  and  53. 

Again  the  fans  1  2  and  1  3  are  mounted  outside  the 
bearings  52  and  53  and  rotated  by  the  same  drive  35 
source  as  for  the  eccentric  shaft  portion  1  1  a  to  cool  the 
stationary  scrolls.  An  ejector  passage  5g  is  provided 
between  the  fan  and  the  outer  portion  of  the  stationary 
scroll. 

With  this  double-lap  scroll  mechanism,  in  which  the  40 
opposite  end  portions  of  the  eccentric  shaft  portion  1  1  a 
penetrating  the  disc  of  the  revolving  scroll  3  in  an  eccen- 
tric  relation  thereto  are  rotatably  supported  in  the  sta- 
tionary  scroll  side  bearings  52  and  53,  the  eccentric 
shaft  portion  1  1  a  is  stable  with  respect  to  the  stationary  45 
scrolls.  The  vacuum  pump  thus  is  free  from  the  prob- 
lems  of  the  generation  of  noise  and  heat  or  durability 
deterioration  due  to  warping  or  vibrations  of  the  shaft  in 
high  speed  rotation  or  non-uniform  contact  between  the 
stationary  and  revolving  scrolls  due  to  warping  of  the  so 
shaft. 

With  the  fans  1  2  and  1  3  mounted  outside  the  bear- 
ings  52  and  53  and  rotated  by  the  same  drive  source  as 
for  the  eccentric  shaft  portion  1  1  a  for  cooling  the  sta- 
tionary  scrolls,  the  stationary  scroll  outer  portions  can  55 
be  cooled  by  the  single  drive  source  2  for  driving  the 
revolving  scroll  3,  and  no  extra  drive  source  is  need  to 
drive  the  fans.  It  is  thus  possible  to  simplify  the  construc- 
tion  and  provide  a  contact  scroll  mechanism. 

With  the  ejector  passage  5g  provided  between  the 
fan  1  2  and  the  outer  portion  5e  of  the  stationary  scroll  5, 
the  bearing  53  and  the  elector  passage  5f  may  be  pro- 
vided  in  the  space  between  the  above  fan  and  station- 
ary  scroll  outer  portion,  and  it  is  possible  to  provide  a 
compact  scroll  mechanism. 
Fig.  3  is  a  sectional  view  showing  a  third  embodiment  of 
the  oil-free  scroll  vacuum  pump  according  to  the  inven- 
tion. 

The  illustrated  oil-free  scroll  vacuum  pump  1C  is  of 
a  single-lap  type  and  comprises  a  stationary  scroll  30,  a 
revolving  scroll  46  and  a  frame  40  supporting  the  scrolls 
at  a  predetermined  position  and  for  revolving. 

The  revolving  scroll  30  is  secured  to  an  end  surface 
of  the  frame  40. 

The  stationary  scroll  30  has  a  peripheral  wall  37 
defining  a  recess  and  a  spiral  lap  39  extending  in  the 
recess,  and  it  further  has  a  discharge  port  45  open  in  a 
substantially  central  portion  of  the  recess  for  discharg- 
ing  compressed  gas. 

The  peripheral  wall  37  has  a  suction  port  44,  and  a 
duct  29  is  connected  to  the  suction  port  44.  Gas  is  led 
from  a  vessel  (not  shown)  to  the  duct  29  in  the  direction 
of  arrow  50. 

The  revolving  scroll  46  is  accommodated  in  the 
recess  of  the  frame  40,  and  has  a  lap  51  of  substantially 
the  same  spiral  shape  as  the  lap  39  of  the  stationary 
scroll  30. 

The  lap  51  extends  at  right  angles  from  a  disc  sur- 
face  in  contact  with  an  end  surface  of  the  peripheral  wall 
37. 

The  laps  39  and  51  are  in  engagement  with  each 
other. 

Cooling  fins  33  and  49  are  formed  on  the  back 
sides  of  the  scrolls  30  and  46  to  cool  the  inner  sides  of 
the  scrolls  by  air  cooling. 

The  scroll  laps  39,  51  each  have  a  tip  groove 
formed  in  the  tip  facing  the  opposed  scroll,  and  a  self- 
lubricating  tip  seal  31  is  fitted  in  the  tip  groove.  The 
mechanism  is  thus  driven  by  oil-free  frictional  driving. 

The  stationary  scroll  30  has  a  mirror-finish  surface, 
which  faces  a  corresponding  mirror-finish  surface  of  the 
disc  of  the  revolving  scroll  46  and  has  a  circular  groove 
formed  adjacent  to  it.  A  ring-like  self-lubricating  dust 
seal  32  is  fitted  in  the  circular  groove,  thus  maintaining 
the  gas  tightness  of  the  sealed  inner  space  defined  by 
the  laps  39  and  51  of  the  revolving  and  stationary  scrolls 
46  and  30  from  the  outside  and  preventing  air  and  dust 
particles  from  being  sucked  from  the  outside. 

The  frame  40  coaxially  supports  a  main  drive  crank- 
shaft  41  with  a  pulley  42  mounted  thereon  and  also  sup- 
ports  three  driven  crankshafts  43  supported  at  positions 
at  a  radial  interval  of  1  20  degrees  with  respect  to  the 
axis  of  the  main  drive  crankshaft  41  . 

The  crankshafts  41  and  43  are  rotatably  supported 
in  a  housing  48  which  is  integral  with  the  revolving  scroll 
46.  With  rotation  of  the  main  crankshaft  41  ,  the  revolv- 
ing  scroll  46  is  revolved  about  the  center  of  the  lap  of  the 
stationary  scroll  30  with  a  predetermined  radius  of 
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revolving  without  being  rotated. 
The  stationary  scroll  30  has  a  suction  port  36, 

which  is  coupled  to  an  ejector  vessel  (not  shown) 
accommodating  nitrogen  gas  to  be  sucked  through  it. 
The  suction  port  36  is  communicated  via  a  passage  35 
with  a  diffuser  34. 

The  diffuser  34  has  a  rear  portion  coupled  to  the 
passage  35  and  the  discharge  port  45,  and  it  has  a 
trumpet-shaped  portion  flaring  from  a  small  diameter 
nozzle  portion  34a  toward  a  large  diameter  discharge 
opening  34b. 

The  operation  of  the  third  embodiment  having  the 
above  construction  will  now  be  described. 

Referring  to  Fig.  3,  rotation  of  the  pulley  42  causes 
revolving  of  the  revolving  scroll  46,  whereby  gas  is 
sucked  form  the  vessel  (not  shown)  and  taken  by  the 
outer  end  of  the  stationary  scroll  lap  39  into  a  sealed 
space  defined  by  the  revolving  and  stationary  scroll  laps 
51  and  39  for  compression  in  the  sealed  space. 

In  the  meantime,  ejector  vessel  compressed  gas  is 
led  from  ejector  means  through  the  passage  35  into  the 
diffuser  34. 

The  gas  taken  in  the  sealed  space  is  compressed, 
and  when  the  final  sealed  chamber  is  communicated 
with  the  discharge  port  45,  the  compressed  gas  is  dis- 
charged  into  the  diffuser  34. 

The  discharged  compressed  gas  is  exhausted 
together  with  ejector  vessel  compressed  gas  through 
the  diffuser  discharge  opening  34b. 

As  shown  in  the  third  embodiment,  compressed 
gas  is  led  to  the  diffuser  for  discharging  the  compressed 
gas  in  the  vessel  to  be  evacuated  from  the  ejector 
means,  and  the  compressed  gas  is  exhausted  together 
with  the  ejector  vessel  compressed  gas. 

When  compressed  gas  led  from  the  ejector  means 
being  led  to  a  first  stage  of  the  diffuser  is  expanded  in  a 
second  stage  thereof,  the  compressed  gas  by  the  vac- 
uum  pump  is  sucked  by  the  pressure  reduction  gener- 
ated  in  the  diffuser  first  state  and  discharged  to  this  first 
stage,  and  is  discharged  from  the  diffuser  second  stage 
together  with  the  compressed  gas  from  the  ejector 
means. 

Thus,  like  the  second  embodiment  with  nitrogen 
gas  (N2)  supplied  as  compressed  gas  from  the  ejector 
means  to  the  diffuser,  harmful  gas  from  the  vessel,  even 
though  having  been  compressed  in  the  compression 
process  for  evacuation,  can  be  diluted  by  the  nitrogen 
gas. 

Fig.  4  is  a  sectional  view  showing  a  two-stage  oil- 
free  scroll  vacuum  pump  according  to  the  invention, 
which  comprises  vacuum  pumps  1  A  and  1  D  connected 
in  series. 

Referring  to  Fig.  4,  the  vacuum  pump  1A  is  a  first 
stage  with  a  discharge  port  9A  thereof  connected  via  a 
duct  23  to  a  suction  port  8  of  the  second  stage  vacuum 
pump  1  D.  The  first  stage  vacuum  pump  1  A  has  its  dis- 
charge  port  9B  coupled  via  an  electromagnetic  valve  21 
and  a  duct  24  to  the  duct  23  and  also  communicated  via 
an  electromagnetic  valve  22  to  the  outside. 

While  the  pressure  of  the  first  stage  compressed 
gas  is  above  1,000  to  100  Pa,  the  electromagnetic 
valves  21  and  22  are  "open",  and  compressed  gas 
under  a  high  pressure  in  the  first  stage  pump  1  A  in  an 

5  initial  stage  from  the  start,  is  exhausted  through  the 
electromagnetic  valve  22  to  the  outside  lest  it  should  be 
taken  in  the  second  stage  pump  1  D. 

When  the  compressed  gas  pressure  noted  above 
becomes  lower  than  1,000  to  100  Pa,  the  electromag- 

10  netic  valves  21  and  22  are  closed. 
The  compressed  gas  pressure  may  be  determined 

by  measuring  the  pressure  in  the  vessel  (not  shown)  to 
be  evacuated.  Alternatively,  the  electromagnetic  valves 
21  and  22  may  be  controlled  according  to  a  map  an 

is  exhausting  characteristic  based  on  the  volume  of  the 
vessel  and  the  operating  performance  of  the  first  stage 
pump  1A,  the  map  being  stored  in  a  controller  10. 

The  controller  10  has  an  output  terminal  which  is 
connected  to  control  terminals  of  the  control  valves  21 

20  and  22  for  on-off  control  thereof,  thus  controlling  drive 
sources  connected  to  driving  source  of  the  first  and  sec- 
ond  stage  pumps  1  A  and  1  D. 

In  the  embodiment  having  the  construction  shown 
in  Fig.  4  as  described  above,  for  an  initial  stage  of  driv- 

25  ing,  the  controller  10  holds  the  electromagnetic  valves 
21  ad  22  "open",  and  drives  the  first  stage  pump  1A. 
Gas  is  thus  sucked  from  the  vessel  (not  shown)  to  be 
evacuated  through  the  suction  Port  8  into  the  first  stage 
pump  1A  and  compressed  in  this  pump,  and  the  high 

30  compressed  gas  being  compressed  by  the  first  stage 
pump  1A  is  discharged  through  the  discharge  ports  9A 
and  9B. 

The  compressed  gas  discharged  from  the  dis- 
charge  port  9A  is  led  through  the  electromagnetic  valve 

35  21  and  also  is  discharged  together  with  compressed 
gas  from  the  discharge  port  9B  through  the  electromag- 
netic  valve  22  to  the  outside. 

When  the  compressed  gas  pressure  below  lower 
than  1,000  to  100  Pa,  the  electromagnetic  valves  21 

40  and  22  are  closed. 
Since  the  electromagnetic  valve  21  is  closed,  gas 

discharged  from  the  discharge  port  9B,  having  been 
compressed  in  the  stationary  and  revolving  scrolls  7 
and  27  (Fig.  1),  is  led  together  with  gas  discharged  from 

45  the  discharge  port  5c,  having  been  compressed  by  the 
stationary  and  revolving  scrolls  6  and  26,  through  the 
discharge  port  9A  and  the  duct  23  to  the  second  stage 
pump  1  D. 

While  in  the  above  description  of  operation  the 
so  electromagnetic  valves  21  and  22  are  closed  at  a  time, 

it  is  possible  to  close  the  sole  electromagnetic  valve  22. 
In  this  case,  compressed  gas  discharged  from  the  dis- 
charge  port  9B  is  led  through  the  electromagnetic  valve 
21  to  the  passage  23  and  thence  together  with  com- 

55  pressed  gas  discharged  from  the  discharge  port  9A  to 
the  second  stage  pump  1  D. 

In  synchronism  to  this  moment,  the  second  stage 
pump  is  driven  to  start  compression  of  the  compressed 
gas  led  from  the  first  stage  pump. 

9 
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At  this  time,  the  gas  compressed  in  the  first  stage 
pump  is  not  in  a  low  vacuum  degree  viscous  range,  thus 
giving  rise  to  no  problem  of  heat  generation  in  the  sec- 
ond  stage  pump  due  to  high  temperature. 

Since  the  compressed  gas  is  further  compressed  in  s 
the  second  stage  pump  1  D,  it  is  possible  to  realize  a 
high  compression  ratio. 

Since  the  discharge  passage  for  exhausting  the  dry 
system  compressed  gas  extends  outwardly  of  the  hous- 
ing,  no  lubricant  or  the  like  is  introduced  by  the  revolving  10 
scroll  drive  source,  and  it  is  thus  possible  to  connect  the 
first  and  second  pumps  in  series  and  realize  a  high 
compression  ratio. 

Since  a  plurality  of  oil-free  scroll  vacuum  pumps  are 
connected  in  series  and  valve  means  in  communication  is 
with  the  outside  is  provided  in  the  discharge  passage, 
the  sealed  vessel  to  be  evacuated  is  connected  to  the 
suction  port  of  the  first  stage  pump,  whereof  the  gas 
pressure  in  the  seal  vessel  is  close  to  the  atmospheric 
pressure  in  an  initial  stage  operation,  and  the  sucked  20 
gas  is  already  compressed  to  a  high  pressure  in  the 
compression  process  in  the  first  stage  pump.  The  com- 
pressed  gas  under  the  high  pressure  is  thus  discharged 
to  the  outside  from  the  first  stage  pump  via  the  valve 
means  without  being  supplied  to  the  second  stage  25 
pump. 

When  the  pressure  of  the  compressed  gas  from  the 
first  stage  pump  becomes  lower  than  a  predetermined 
pressure,  the  valve  means  is  closed,  so  that  the  com- 
pressed  gas  from  the  first  stage  pump  is  further  com-  30 
pressed  by  the  second  stage  pump. 

Thus,  no  compressed  gas  under  a  pressure  higher 
than  the  atmospheric  pressure  is  sucked  into  the  sec- 
ond  stage  pump,  giving  rise  to  no  possibility  of  heat  gen- 
eration  by  excessive  compression  in  the  second  stage  35 
pump.  Without  heat  generation  due  to  high  pressure, 
neither  the  durability  of  the  vacuum  pump  is  deterio- 
rated,  nor  the  burn  of  the  pump  and  damage  thereto 
takes  place. 

Since  a  plurality  of  vacuum  pumps  are  connected,  40 
the  first  and  second  stage  pumps  can  be  rotated  by  dif- 
ferent  drive  sources,  it  is  possible  to  give  the  drive 
sources  optimum  rotations  based  on  the  compressed 
gas  loads  which  in  turn  correspond  to  the  compression 
ratios  of  the  first  and  second  stage  pumps.  45 

In  the  initial  stage  of  evacuating  the  vessel,  in  which 
time  the  first  stage  pump  compressed  gas  pressure  is 
higher  than  the  atmospheric  pressure,  that  is,  in  a  vis- 
cosity  region  in  which  the  degree  of  vacuum  of  the  ves- 
sel  is  low,  the  sole  first  stage  pump  can  be  driven  to  so 
exhaust  the  compressed  gas  via  the  valve  means  to  the 
outside,  and  the  second  stage  pump  can  be  driven  after 
the  first  stage  pump  compressed  gas  pressure  has 
become  lower  than  the  atmospheric  pressure.  It  is  thus 
possible  to  obtain  economical  operation.  55 

As  has  been  described  in  the  foregoing,  according 
to  the  invention  it  is  possible  to  provide  an  oil-free  scroll 
vacuum  pump,  in  which  the  efficiency  of  exhausting 
compressed  gas  is  not  deteriorated. 

In  addition,  since  the  compressed  gas  from  the  vac- 
uum  pump  is  exhausted  by  supplying  compressed  gas 
from  the  ejector  means  to  the  diffuser,  it  is  possible  to 
from  a  vacuum  pump  permitting  the  compression  effi- 

5  ciency  improvement  and  to  provide  an  oil-free  vacuum 
pump,  which  harmful  gas  from  the  vessel,  having  been 
concentrated,  if  any,  in  the  compression  process  for 
evacuation,  can  be  diluted. 

10  Claims 

1  .  A  double-lap  oil-free  scroll  vacuum  pump  compris- 
ing: 

15  a  revolving  scroll  (3)  with  revolving  laps  (26,  27) 
provided  on  both  sides  of  a  disc;  and 
stationary  scrolls  each  with  a  stationary  lap  (6, 
7)  formed  on  its  surface  (4b,  5b)  facing  a 
respective  surface  (3d,  3e)  of  said  disc,  said 

20  stationary  lap  being  in  engagement  with  a 
respective  revolving  lap; 
said  stationary  scrolls  supporting  said  revolv- 
ing  scroll  in  frictional  contact  therewith; 
said  stationary  scrolls  each  having  a  disc  with  a 

25  discharge  passage  (4d,  5d)  for  discharging 
compressed  fluid  on  each  side  of  said  revolving 
scroll. 

2.  An  oil-free  scroll  vacuum  pump  for  compressing 
30  gas  in  a  pump  body  and  discharging  the  com- 

pressed  gas  through  a  diffuser  (3b,  34)  to  the  out- 
side  of  said  pump  body,  comprising: 

ejector  means  (5g,  35)  for  forcing  to  lead  ejec- 
35  tor  compressed  gas  into  said  diffuser  to  dis- 

charge  compressed  gas  from  said  pump  body. 

3.  An  oil-free  scroll  vacuum  pump  according  to  claim 
2,  wherein  said  diffuser  (3b,  34)  is  provided 

40  between  a  final  compression  chamber  defined  by  a 
stationary  scroll  and  a  revolving  scroll  (3)  and  a  dis- 
charge  passage  (4d). 

4.  A  double-lap  oil-free  scroll  vacuum  pump  compris- 
45  ing: 

a  revolving  scroll  (3)  with  revolving  laps  (26,  27) 
provided  on  both  sides  of  a  disc;  and 
stationary  scrolls  each  with  a  stationary  lap  (6, 

so  7)  formed  on  its  surface  (4b,  5b)  facing  a 
respective  surface  (3d,  3e)  of  said  disc,  said 
stationary  lap  being  in  engagement  with  a 
respective  revolving  lap; 
said  stationary  scrolls  supporting  said  revolv- 

55  ing  scroll  in  frictional  contact  therewith; 
an  eccentric  shaft  portion  (1  1  a)  being  fitted  in 
said  revolving  scroll  disc  in  an  eccentric  rela- 
tion  thereto,  both  side  portions  of  said  eccentric 
shaft  portion  being  rotationally  supported  in 

10 
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stationary  scroll  side  bearings  (52,  53). 

5.  An  oil-free  scroll  vacuum  pump  according  to  claim 
4,  wherein  fans  (12,  13)  are  mounted  outside  said 
bearings  (52,  53),  said  fans  being  rotated  by  the  s 
same  drive  source  (2)  as  for  said  eccentric  shaft 
portion,  and  cooling  said  stationary  scrolls. 

6.  An  oil-free  scroll  vacuum  pump  according  to  claim 
5,  wherein  a  discharge  passage  (4d,  5d)  for  dis-  10 
charging  compressed  gas  is  provided  between 
each  said  fan  (12,13)  and  the  outer  surface  of  each 
said  stationary  scroll. 

7.  An  oil-free  scroll  vacuum  pump  comprising  a  dou-  is 
ble-lap  oil-free  scroll  mechanism  including  a  revolv- 
ing  scroll  (3)  with  revolving  laps  (26,  27)  provided 
on  both  sides  of  a  disc  of  the  revolving  scroll,  and 
an  eccentric  shaft  portion  (11a)  being  fitted  in  said 
revolving  scroll  disc  in  an  eccentric  relation  thereto  20 
for  driving  the  revolving  scroll,  both  side  portions  of 
said  eccentric  shaft  portion  being  rotationally  sup- 
ported  in  stationary  scroll  side  bearings  (52,  53), 
wherein: 

25 
fans  (12,  13)  are  mounted  outside  said  bear- 
ings,  said  fans  being  rotated  by  the  same  drive 
source  (2)  as  for  said  eccentric  shaft  portion, 
and  cooling  said  stationary  scrolls;  and 
ejector  passages  (4d,  5d,  5g)  are  provided  30 
between  said  fans  and  the  outer  surfaces  of 
said  stationary  scroll. 

8.  An  oil-free  scroll  vacuum  pump  comprising  a  plural- 
ity  of  vacuum  pump  bodies  (1A,  1D)  connected  in  35 
series  by  valve  means  (21  ,  22),  wherein: 

an  action  of  communicating  the  outside  with  a 
space  (23,  24,  25)  between  the  discharge  pas- 
sage  (9A,  9B)  of  a  preceding  stage  vacuum 
pump  (1A)  and  a  suction  port  (8)  of  a  succeed- 
ing  stage  vacuum  pump  (1B);  and 
an  action  for  connecting  in  series  a  preceding 
vacuum  pump  (1A)  and  a  succeeding  stage 
vacuum  pump  (1  B). 

20 

25 

said  vacuum  pump  bodies  each  comprise: 
a  revolving  scroll  (3)  with  revolving  laps  (26,  27) 
provided  on  both  sides  of  a  disc;  40 
stationary  scrolls  each  with  a  stationary  lap  (6, 
7)  formed  on  the  surface  (4b,  5b)  facing  a 
respective  surface  (3d,  3e)  of  said  disc  of  said 
revolving  scroll,  said  stationary  lap  being  in 
engagement  with  a  respective  revolving  lap,  45 
said  stationary  scrolls  supporting  said  revolv- 
ing  scroll  in  frictional  contact  therewith; 
rotational  drive  means  (11)  penetrating  said 
stationary  and  revolving  scrolls  and  eccentri- 
cally  fitted  in  said  revolving  scroll  disc;  so 
a  housing  (4,  5)  mounted  on  the  outer  surfaces 
of  said  stationary  scrolls  and  accommodating 
said  rotational  drive  means;  and 
a  discharge  passage  (4d,  5d,  9A,  9B)  for  dis- 
charging  compressed  gas  from  each  side  of  55 
said  revolving  scroll  to  a  disc  of  each  of  said 
stationary  scrolls;  and 
said  valve  means  (21  ,  22)  is  provided  for  selec- 
tively  controlling: 

11 
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