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@  Scroll  type  fluid  displacement  apparatus. 

  A  scroll  type  fluid  displacement  apparatus  including  a 
housing  (12)  with  a  fluid  inlet  port  and  fluid  outlet  port  is  dis- 
closed.  A  fixed  scroll  (22)  is  joined  with  the  housing  and  has 
a  first  circular  end  plate  (221)  from  which  a  first  wrap  ex- 
tends.  An  orbiting  scroll  (23)  has  a  second  circular  end  plate 
(231)  from  which  a  second  wrap  extends.  The  first  and  se- 
cond  wraps  interfit  at  an  angular  and  radial  offset  to  make  a 
plurality  of  line  contacts  to  define  at  least  one  pair  of  sealed 
off  fluid  pockets.  A  driving  mechanism,  which  includes  a 
drive  shaft  (13),  is  operatively  connected  to  the  orbiting 
scroll  to  effect  the  orbital  motion  of  the  orbiting  scroll  at  ra- 
dius  Ror,  while  the  rotation  of  the  orbiting  scroll  is  pre- 
vented  by  a  rotation  preventing/thrust  bearing  device  (24), 
whereby  the  fluid  in  the  fluid  pockets  moves  inwardly  or  out- 
wardly  and  changes  in  volume.  The  center  of  the  first  cir- 
cular  end  plate  is  aligned  with  the  center  line  of  the  housing 
and  the  center  of  the  first  wrap  is  radially  offset  from  the 
center  of  the  first  circular  end  plate  by  the  distance  1/2  Ror. 
The  center  of  the  second  wrap  is  radially  offset  from  the 
center  of  the  second  circular  end  plate  by  the  distance  ½ 
Ror.  The  drive  shaft  has  a  center  line,  which  is  aligned  with 
the  center  line  of  the  housing,  and  also  has  a  crank  pin,  the 
center  line  of  which  is  aligned  with  the  center  of  the  second 
circular  end  plate. 



This  i n v e n t i o n   r e l a t e s   to  a  f l u i d   d i sp l acemen t   a p p a r a t u s ,  

and  more  p a r t i c u l a r l y   to  a  s c r o l l   type  f lu id   d i sp l acemen t   a p p a r a t u s .  

Sc ro l l   type  f l u i d   d i sp l acemen t   appa ra tu s   are  well   known 

in  the  p r io r   a r t .   For  example,  U.S.  Pa ten t   No.  801,182  (Creux)  

d i s c l o s e s   a  device  i n c l u d i n g   two  s c r o l l   memebers  each  having  a  

c i r c u l a r   end  p l a t e   and  a  s p i r o i d a l   or  i n v o l u t e   s p i r a l   e l e m e n t .  

These  s c r o l l   members  are  ma in ta ined   a n g u l a r l y   and  r a d i a l l y   o f f s e t  

so  tha t   both  s p i r a l   elements  i n t e r f i t   to  make  a  p l u r a l i t y   of  l i n e  

c o n t a c t s   between  t h e i r   s p i r a l   curved  s u r f a c e s   to  thereby  seal   o f f  

and  def ine   at  l e a s t   a  pa i r   of  f l u i d   pocke t s .   The  r e l a t i v e  

o r b i t a l   motion  of  the  two  s c r o l l   members  s h i f t s   the  l ine   c o n t a c t s  

along  the  s p i r a l   curved  s u r f a c e s   and,  t h e r e f o r e ,   the  f l u i d   p o c k e t s  

change  in  volume.  Since  the  volume  of  the  pockets   i n c r e a s e s  

or  dec reases   dependent   on  the  d i r e c t i o n   of  the  o r b i t a l   m o t i o n ,  

the  s c r o l l   type  f l u i d   d i sp l acemen t   appa ra tu s   is  a p p l i c a b l e   t o  

compress,   expand  or  pump  f l u i d s .  

It  is  a  primary  ob jec t   of  th is   i n v e n t i o n   to  p r o v i d e  

an  improvement  in  a  s c r o l l   type  f l u i d   d i sp l acemen t   a p p a r a t u s  
wherein   the  d iameter   and  weight   of  the  housing  of  the  a p p a r a t u s  

are  r e d u c e d .  

It  is  ano ther   ob j ec t   of  th is   i n v e n t i o n   to  provide   a 

s c r o l l   type  f l u i d   d i sp l acemen t   appa ra tu s   wherein  the  r e l a t i o n -  

ship  between  the  pa r t s   of  the  appa ra tu s   is  p r e c i s e l y   m a i n t a i n e d  

and  the  e f f i c i e n c y   of  the  mass  p r o d u c t i o n   of  the  appa ra tu s   i s  

improved .  

It  is  s t i l l   ano ther   ob jec t   of  th is   i n v e n t i o n   to  p r o v i d e  

a  s c r o l l   type  f l u i d   d i sp l acemen t   appa ra tu s   wherein  the  manu- 

f a c t u r i n g   technique   and  p r o d u c t i v i t y   of  the  par t s   of  the  a p p a r a t u s  

are  improved .  



A  scroll  type  fluid  d isp lacement   appara tus   according  to  th i s  

invention  includes  a  housing  having  a  fluid  inlet  port  and  f luid 

outlet  port.  A  fixed  scroll  is  joined  with  the  housing  and  has  a  

first  circular  end  plate  from  which  a  first  wrap  extends.  An  o r b i t i n g  

scroll  has  a  second  circular  end  plate  from  which  a  second  w r a p  

extends.  The  first  and  second-  wraps  interf i t   at  an  angular  and  

radial  offset   to  make  a  plurality  of  line  contacts   to  define  a t  

least  one  pair  of  sealed  off  fluid  pockets.   A  driving  m e c h a n i s m ,  

which  includes  a  drive  shaft,  is  operat ively  connected  to  the  o r b i t i n g  

scroll  to  effect   the  orbital  motion  of  the  orbiting  scroll  at  r ad ius  

Ror,  while  the  rotat ion  of  the  orbiting  scroll  is  prevented  by  a  

rota t ion  p reven t ing / th rus t   bearing  means,  whereby  the  fluid  in  t h e  

fluid  pockets  moves  inwardly  or  outwardly  and  changes  in  vo lume .  

The  center   of  the  first  circular  end  plate  is  aligned  with  t h e  

center  line  of  the  housing  and  the  center  of  the  first  wrap  is  r ad ia l ly  

offset  from  the  center  of  the  first  circular  end  plate  by  the  d i s t a n c e  

1/2  Ror.  The  center  of  the  second  wrap  is  radially  offset  from  t h e  

center  of  the  second  circular  end  plate  by  the  distance  1/2  R o r .  

The  drive  shaft  has  a  center  line,  which  is  aligned  with  the  c e n t e r  

line  of  the  housing,  and  also  has  a  crank  pin,  the  center  line  o f  

which  is  aligned  with  the  center  of  the  second  circular  end  p l a t e .  
The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,   by  way  of  example ,  

with  r e f e r e n c e   to  the  accompanying  drawings,   i n  w h i c h : -  

Figs.  l a - ld   are  schemat ic   views  i l lustrat ing  the  relat ive  m o v e m e n t  

of  in te r f i t t ing   spiral  elements to  compress  f luid;  

Fig.  2  is  a  schemat ic   view  i l lustrat ing  the  dimensional   r e l a t i o n -  

ship  between  the  cylindrical  compressor   housing  and  the  end  p l a t e  

of  an  orbiting  scroll  in  known  c o m p r e s s o r ;  



Fig.  3  is  a  schemat ic   end  view  of  the  end  plate  of  fixed  sc ro l l  

used  in  the  compressor   of  Fig.  2,  i l lustrat ing  its  dimensional  r e q u i r e -  

m e n t s ;  

Fig.  4  is  a  schemat ic   view  i l lustrat ing  the  relationships  b e t w e e n  

the  centers   of  orbiting  scroll,  fixed  scroll  and  driving  m e c h a n i s m  

in  the  known  c o m p r e s s o r ;  

Fig.  5  is  a  vert ical   sect ional   view  of  the  scroll  type  c o m p r e s s o r  

using  the  relat ionship  of  Fig.  4; 

Fig.  6  is  a  vert ical   sectional   view  of  a  scroll  type  c o m p r e s s o r  

according  to  one  embodiment   of  this  invent ion ;  

Fig.  7  is  an  exploded  perspect ive   view  of  the  driving  m e c h a n i s m  

used  in  the  compressor  of  Fig.  6; 

Fig.  8  is  an  exploded  perspect ive   view  of  the  rota t ion  p reven t ing  

thrust  bearing  device  used  in  the  compressor  of  Fig.  6; 

Fig.  9  is  a  schemat ic   view  i l lustrat ing  the  re la t ionships   b e t w e e n  

the  centers   of  the  scrolls  and  driving  mechanism  used  in  the  c o m -  

pressor  of  Fig.  6;  and  

Fig.  10  is  a  d i ag rammat ic   sect ional   view  i l lustrat ing  the  sp i ra l  

e lements   of  the  fixed  and  orbiting  sc ro l l s .  

_   R e f e r r i n g   to  Figs.   l a - l d ,   the  p r i n c i p l e   o f  o p e r a t i o n   o f  

s c r o l l   type  f l u i d   a p p a r a t u s ,   p a r t i c u l a r l y   the  c o m p r e s s i o n  

o p e r a t i o n ,   w i l l   be  d e s c r i b e d .  

Figs.   l a - l d   may  be  cons ide red   end  views  of  a  c o m p r e s s o r  
wherein   the  end  p l a t e s   are  removed  and  only  s p i r a l   e l e m e n t s  

are  shown  at  o r b i t a l   angu la r   p o s i t i o n s   spaced  90°  from  one 
ano the r .   Two  s p i r a l   e lements   1  and  2  are  a n g u l a r l y   o f f s e t  

and  i n t e r f i t t e d   with  one  ano the r .   As  shown  in  Fig.  la,  t h e  

o r b i t i n g   s p i r a l   element  1  and  f ixed  s p i r a l   element  2  make 
four  l ine   c o n t a c t s   as  shown  at  four  po in t s   A-D.  A  pa i r   o f  

f l u i d   pockets   3a  and  3b  are  def ined   b e t w e e n  



line  contacts   D,  C  and  line  contacts   A,  B  as  shown  by  the  d o t t e d  

regions.  The  fluid  pockets  are  defined  not  only  by  the  wall  o f  

spiral  e lements   1  and  2,  but  also  by  the  end  plates  from  which  t h e s e  

spiral  e lements   1  and  2  e x t e n d .  

Orbiting  spiral  e lement   1  is  moved  in  relation  to  fixed  sp i ra l  

e lement   2  so  that  the  center  0'  of  orbiting  spiral  element  1  r evo lves  

around  the  center  0  of  fixed  spiral  e lement   2  at  a  radius  of  0-0 ' ,  
while  the  rotat ion  of  orbiting  spiral  e lement   1  is  prevented.   This  

motion  angularly  and  radially  shifts  fluid  pockets  3a  and  3b  t o w a r d  

the  center  of  the  in te r f i t t ed   spiral  elements,   to  gradually  reduce  t h e  

volume  of  each  fluid  pocket  3a  and  3b,  as  shown  in  Fig.  l a - l d ,  

thereby,  compressing  the  fluid  in  each  p o c k e t .  
In  typical  operation,  fluid  pockets  3a,  3b  are  initially  f o r m e d  

when  the  ends  of  spiral  e lements   1,2  contact   with  the  outer  s u r f a c e  

of  the  other  spiral  e lements ,   as  shown  in  Fig.  la.  Further  r o t a t i o n  

of  orbiting  spiral  e lement   1  causes  the  pockets  3a,  3b  to  reduce  in 

volume,  as  shown  in  Figs.  lb,  lc.  Thereaf te r ,   the  pair  of  fluid  p o c k e t s  

3a,  3b  become  connected  to  one  another,   as  shown  in  Fig.  Id,  and  

the  single  pocket  is  further  reduced  in  volume,  as  shown  by  t h e -  

undotted  central   area  in  Figs.  la,  lb  and  1c.  During  the  r e d u c t i o n  

in  volume  of  pockets  3a,  3b,  the  ends  of  the  spiral  e lements   l e a v e  

contact   with  the  outer  surface  of  the  other  spiral  e lements ,   a s  
shown  in  Figs.  lb,  1c,  ld,  until  contact   is  reestabl ished,   as  shown  in 

Fig.  la  to  form  a  new  pair  of  fluid  pockets  3a,  3b. 

This  operat ion  results  in  compression  of  the  fluid  in  the  pocke t s ,  

since  circular  end  plates  are  affixed  to  the  axial  facing  ends  o f  

spiral  e lements   1 and  2.  Discharge  of  the  compressed  fluid  occu r s  

through  a  central ly  located  discharge  port  in  one  of  the  end  p l a t e s ,  

shown  d iagrammat ica l ly   as  4  in  Figs.  la,  lb  and  l c .  

In  comparison  with  conventional   fluid  displacement   apparatus   o f  

the  piston  type,  a  scroll  type  fluid  d isp lacement   apparatus  has  

several  advantages,   such  as  continuous  t ransfer   of  the  fluid,  vo lume 



efficiency,   and  relat ively  silent  o p e r a t i o n .  

However,  in  order  to  increase  the  compressive  capaci ty  a n d  

compression  ratio,  the  number  of  turns,  or  revolutions  of  each  sp i ra l  

e lement   must  be  increased.  Consequently  the  d iameter   of  t h e  

apparatus   also  must  be  increased.   This  becomes  a  problem  in  a  

scroll  type  fluid  d isp lacement   apparatus   which  is  used  as  a  

re f r igeran t   compressor  of  an  au tomot ive   air  conditioner,   b e c a u s e  

the  d iameter   of  compressor  housing  must  be  kept  as  small  as  

possible  in  order  to  fit  the  compressor  within  the  typically  ve ry  

narrow  space  of  an  engine  compar tmen t .   Fur thermore ,   both  s c r o l l  

members  must  be  maintained  angularly  and  radially  offset,   and  

the  dimensional  accuracy  of  the  compressor  parts  must  be  m a i n t a i n e d ,  

or  the  total  dimensional  error  of  the  assembled  compressor  parts  m u s t  

be  minimized  in  order  to  assure  the  stabil i ty  and  eff iciency  of  t h e  

a p p a r a t u s .  

A  cylindrical  housing  is  an  advantageous  configurat ion  for  c o n -  

taining  a  pair  of  scroll  members   each  of  which  have  a  wall  thickness  t  

and  involute  angle  ¢.  An  optimal  disposition  of  the  end  plate  a n d  

spiral  e lement   to  reduce  the  d iameter   of  the  housing  is  disclosed  in 

U.  S.  Patent   No.  4,304,535  (Terauchi),  the  disclosure  of  which  is 

incorporated  herein.  Accordingly,  as  shown  in  Figs.  2  and  3  he re in ,  

orbiting  scroll  231  orbits  at  radius  Ror  while  maintaining  its  a n g u l a r  

or ienta t ion   with  fixed  scroll  221.  The  sectional   area  of  the  hous ing  

needed  to  permit  the  orbital  motion  of  orbiting  scroll  231  at  r ad iu s  

Ror  will  be  made  up  by  adding  the  spiral  or  snail  shaped  area  on  

which  fixed  spiral  e lement   is  held  (area  D  in  Fig.  3)  to  the  s p a c e  
(area  B  in  Fig.  3)  over  which  orbiting  spiral  element  232  s l ides .  

Therefore ,   the  inner  d iameter   of  the  cylindrical  housing  in  which  t h e  

pair  of  scrolls  are  contained  will  be  given  by  2¢rg+t+Ror,  where  r g  
is  involute  generat ing  circle  radius.  In  this  construct ion,   the  c e n t e r  

of  inner  wall  of  cylindrical  housing  is  radially  offset  from  the  c e n t e r  

of  involute  genera t ing   circle  of  fixed  spiral  e lement   and  t h e  



maximum  d iameter   of  orbiting  end  plate  to  permit   the  orbital  m o t i o n  

within  the  above  cylindrical  housing  will  be  given  by  26rg+t+Ror .  

A  suitable  drive  point  of  the  orbiting  scroll  is  the  i nvo lu te  

genera t ing   circle  center   of  the  orbiting  spiral  element,   since  t h e  

relat ion  between  the  c e n t e r  o f   t angen t i a l  gas   force  in  the  high 

pressure  fluid  pocket  defined  by  both  scroll  centers  and  the  d r ive  

point  does  not  change  at  any  ro ta t ional   angle  of  the  drive  s h a f t .  

Accordingly,   in  the  Fig.  2  the  center  of  drive  shaft  is  c o n c e n t r i c  

with  the  involute  generat ing  circle  center  OF  of  fixed  spiral  e l e m e n t  

222'  and  the  drive  point  OD  of  orbiting  scroll  231  is  disposed  on  t h e  

involute  generat ing  circle  center  Oo  of  orbiting  spiral  e lement   232 ' .  

Orbiting  scroll  231  therefore   revolves  at  a  radius  OF-Oo  and  th i s  

radial  spacing  does  not  change  during  the  operation  of  the  a p p a r a t u s .  

Fig.  4  i l l u s t r a t e s   the  relationship  between  the  center   of  e a c h  

end  plate  and  the  centers   of  the  involute  generat ing  circles  of  t h e  

spiral  e lements .   In  this  figure,  the  center  OE  of  orbiting  end  p l a t e  

231'  is  radially  offset  from  the  involute  generat ing  circle  center  Oo 

of  orbiting  spiral  e lement   232'  to  the  right  by  a  distance  1/2  Ror .  

Also,  the  center  Oc  of  fixed  end  plate  221',  i.e.,  the  center  of  t h e  

compressor  housing  is  radially  offset  from  the  involute  g e n e r a t i n g  

circle  c e n t e r   OF  of  f ixed  spiral  e lement   222'  to  the  right  by  a  d i s -  

tance  1/2  Ror.  The  center  Oc  is  also  radially  offset  from  the  c e n t e r  

Oo  by  a  distance  1/2  Ror.  The  drive  point  OD  is  disposed  on  t h e  

center   Oo  and  the  center   Od  of  drive  shaft  13  is  concentr ic   w i th  

center   OF,  whereby  the  orbital  motion  of  the  orbiting  scroll  231  is 

shown  as  the  locus  of  the  center  Oo.  The  locus  of  the  center   Oo 

is  shown  by  the  circle  C  with  its  center   at  center   OF  of  drive  s h a f t ,  

as  shown  in  Fig.  4. 

Fig.  5  is  a  ver t ical   sect ional   view  of  a  scroll  type  c o m p r e s s o r  

which  utilizes  the  above  ment ioned  disposition  of  scroll  m e m b e r s .  

In  this  const ruct ion,   the  center  OF  of  the  drive  shaft  13'  is  r ad i a l l y  



offset  from  the  center  Oc  of  housing  10'  and  also  the  center  Oo  o f  

the  drive  point  is  radially  offset  from  the  center  0E  of  orbiting  end  

plate  231'.  Therefore,   a  tubular  boss  233'  project ing  axially  f r o m  

one  end  surface  of  end  plate  231'  and  rota tably  supported  on  a  

drive  pin  of  the  driving  mechanism  is  radially  offset  from  the  c e n t e r  

of  end  plate  231'.  Tubular  boss  233'  therefore   must  be  formed  a t  

an  offset  position.  The  forming  of  these  scrolls  is  compl icated,   a n d  

hence,  it  is  difficult   to  form  the  scrolls  with  high  d imens iona l  

accuracy.   Fur thermore ,   a  coupling  mechanism  24'  is  required  t o  

maintain  the  angular  or ienta t ion  between  both  scrolls  and  to  c a r r y  
the  radial  force  from  the  orbiting  scroll.  However  in  this  c o n s t r u c -  

tion,  the  coupling  mechanism,  such  as  a  ball  coupl ing/ thrus t   b e a r i n g  

device,  must  be  disposed  within  the  housing  10'  at  a  radially  o f f s e t  

p o s i t i o n .  R i n g   member  241'  which is  concentr ic   with  the  ba l l  

coupl ing/ thrus t   bearing  device  is  f i t ted  on  the  inner  end  surface  o f  

the  housing  10'  at  a  radially  offset  position,  thereby  requiring  a  d e a d  

space  A  on  which  the  outer  peripheral   portion  of  ring  member   241'  

is  placed.  Hence,  the  d iameter   of  housing  10'  is  increased,   a s  

shown  in  Fig.  5. 

R e f e r r i n g   to  F ig .6 ,   a  s c r o l l   type  f l u i d   d i sp l acemen t   a p p a r a t u s  
in  accordance   with  the  p r e s e n t   i n v i t a t i o n ,   in  p a r t i c u l a r ,   a 
s c r o l l   type  compressor  is  shown.  The  compressor   inc ludes   a  

compressor   housing  10  having  a  f r o n t  e n d   p l a t e   11  and  a  cup 
shaped  casing  12  f a s t e n e d   to  an  end  su r f ace   of  f ron t   end  p l a t e  
11.  An  opening  111,  the  cen te r   of  which  is  c o n c e n t r i c   w i t h  
the  cen te r   l ine  of  cup  shaped  casing  12  is  formed  i n  t h e   c e n t e r  
of  f r o n t   end  p l a t e   11  for  s u p p o r t i n g   a  dr ive   sha f t   13.  The 

cen te r   l ine   of  dr ive  sha f t   13  is  thus  c o n c e n t r i c   or  a l i g n e d  
with  the  cen te r   l ine   of  cup  shaped  casing  12,  ie.  with  t h e  

cen te r   l ine   of  the  housing.   An  a n n u l a r  



project ion  112,  concentr ic   with  opening  111,  is  formed  on  the  r e a r  
surface  of  front  end  plate  11  and  faces  cup  shaped  casing  12.  An 

outer  per ipheral   surface  of  annular  project ion  112  contacts   an  inner  

wall  of  the  opening  of  cup  shaped  casing  12.  Cup  shaped  casing  12 

is  fixed  on  the  rear  end  surface  of  front  end  plate  11  by  a  

fastening  device,  such  as  bolts  and  nuts  (not  shown),  so  that  t h e  

opening  of  cup  shaped  casing  12  is  covered  by  front  end  plate  11. 

An  O-ring  14  is  placed  between  the  outer  peripheral   surface  o f  

annular  project ion  112  and  the  inner  wall  of  cup  shaped  casing  12 

to  seal  the  mating  surfaces  between  front  end  plate  11  and  cup 

shaped  casing  11. 

Front  end  plate  11  has  an  annular  sleeve  15  project ing  from  i t s  

front  end  surface.   Sleeve  15  surrounds  drive  shaft  13  to  define  a  

shaft  seal  cavity.  A  shaft  sea l  a ssembly   16  is  assembled  on  d r ive  

shaft  13  within  the  shaft  seal  cavity.  Sleeve  15  is  a t t ached   t o  

the  front  end  surface  of  front  end  plate  11  by  screws  (not  shown).  

An  O-ring  17  is  placed  between  the  front  end  surface  of  front  e n d  

plate  11  and  an  end  surface  of  sleeve  15  to  seal  the  mating  s u r f a c e s  

of  front  end  plate  11  and  annular  sleeve  15.  Al terna t ive ly   sleeve  15 

may  be  formed  integral   with  front  end  plate  11. 

A  pulley  18  is  ro ta tably   supported  by  a  bearing  19  on  the  o u t e r  

surface  of  sleeve  15.  An  e l e c t r o m a g n e t i c   coil  20,  which  is  r e c e i v e d  

in  an  annular  cavity  of  pulley  18,  is  mounted  on  the  outer  s u r f a c e  

of  sleeve  15  by  a  support  plate  201.  An  a rmature   plate  21  is 

e last ical ly  supported  on  the  outer  end  of  drive  shaft  13  which  

extends  from  sleeve  15.  A  magnet ic   clutch  is  formed  by  pulley  18, 

magnet ic   coil  20  and  a rmature   plate  21.  Drive  shaft  13  is  t hus  

driven  by  an  ex terna l   power  source,  for  example,  an  engine  o f  

vehicle,  through  a  rotat ion  t r ansmi t t ing   device,  such  as  the  above  

described  magnet ic   c l u t c h .  

A  number  of  e lements   are  located  within  the  inner  c h a m b e r  



of  cup  shaped  casing  12  including  a  fixed  scroll  22,  an  o rb i t i ng  

scroll  23,  a  driving  mechanism  for  orbiting  scroll  23  and  a  r o t a t i o n  

p reven t ing / th rus t   bearing  device  24  for  orbiting  scroll  23.  T h e  

inner  chamber  of  cup  shaped  casing  12  is  formed  between  the  inner  

wall  of  cup  shaped  casing  12  and  the  rear  end  surface  of  f r o n t  

end  plate  11. 

Fixed  scroll  22  includes  a  circular  end  plate  221,  and  a  w r a p  

or  spiral  e lement   222  affixed  to  or  extending  from  one  end  s u r f a c e  

of  end  plate  221.  A  plurality  of  internal  bosses  223  ax ia l ly  

project   from  the  end  surface  of  end  plate  221  on  the  side  oppos i t e  

spiral  e lement   222.  The  center   of  spiral  e lement   222  (the  c e n t e r  

of  its  involute  generat ing  circle)  is  radially  offset  from  the  c e n t e r  

of  end  plate  221  by  a  distance  Ror/2  wherein  Ror  is  the  radius  a t  

which  orbiting  scroll  23  orbits.  The  end  surface  of  each  boss  223 

is  seated  on  the  inner  surface  of  end  plate  portion  121  of  c u p  

shaped  casing  12  and  is  fixed  to  end  plate  portion  121  by  a  p lu r a l i t y  

of  bolts  25,  one  of  which  is  shown  in  Fig.  6.  Circular  end  p l a t e  

221  of  fixed  scroll  22  part i t ions  the  inner  chamber  of  cup  s h a p e d  

casing  12  into  a  discharge  chamber  26  having  bosses  223,  and  a  

suction  chamber  27,  in  which  spiral  e lement   222  of  fixed  scroll  22  i s  

located.   A  sealing  member  28  is  disposed  within  a  c i r c u m f e r e n t i a l  

groove  224  of  circular  end  plate  221  to  form  a  seal  between  t h e  

inner  wall  of  cup  shaped  casing  12  and  the  outer  wall  of  c i r c u l a r  

end  plate  221. 

Orbiting  scroll  23,  which  is  located  in  suction  chamber  27, 

includes  a  circular  end  plate  231  and  a  wrap  or  spiral  e lement   232 

affixed  to  or  extending  from  one  end  surface  of  end  plate  231. 

The  center   of  spiral  e lement   232  (the  center  of  its  involute  g e n e r a t i n g  

c i rc le  )   is  radially  offset  from  the  center   of  end  plate  231  by  a  

distance  of  Ror/2.  The  spiral  e lements   222  and  232  in terf i t   a t  

angular  offset  of  1800  and  p rede te rmined   radial  offset.   The  s p i r a l  

e lements   define  at  least  a  pair  of  fluid  pockets  between  t h e i r  



in te r f i t t ing   surfaces.   Orbiting  scroll  23  is  connected  to  the  d r iv ing  

mechanism  and  rotat ion  p reven t ing / th rus t   bearing  device  24  to  e f f e c t  

the  orbital  motion  at  a  circular  radius  Ror  by  the  ro ta t ion  of  d r ive  

shaft  13  to  thereby  compress  fluid  passing  through  the  c o m p r e s s o r .  

Generally,   radius  Ror  of  orbital  motion  given  by: 
(the  pitch  of  the  spiral  e lement) -2( the   wall  thickness  of  the  spiral  e l e m e n t )  

2 

As  seen  in  Fig.  10,  the  pitch  (p)  of  the  spiral  e lements   can  b e  

defined  by  2 π r g ,   where  rg  is  the  involute  generat ing  circle  r ad ius .  

The  radius  Ror  of  orbital  motion  is  also  i l lustrated  in  Fig.  10,  as  a  
locus  of  an  arbi t rary   point  Q  on  orbiting  scroll  23.  The  center  o f  

spiral  e lement   232  is  placed  radially  offset  from  the  center  o f  

spiral  e lement   222  by  the  distance  Ror.  Thereby,  orbiting  s c ro l l  

23  is  allowed  to  undergo  orbital  motion  at  a  radius  Ror  by  the  r o t a -  

tion  of  drive  shaft  13.  As  orbiting  scroll  23  orbits,  line  c o n t a c t s  

between  both  spiral  e lements   222  and  232  shift  to  the  center  of  t h e  

spiral  e lements   along  the  surface  of  the  spiral  e lements:   The  f luid 

pockets  defined  between  spiral  e lements   222  and  232  move  to  t h e  

center   of  the  spiral  e lements   with  consequent  reduction  of  t h e  

volume,  to  thereby  compress  the  fluid  in  the  pockets.   Fluid  o r  

re f r igeran t   gas,  introduced  into  suction  c h a m b e r ' 2 7  t h r o u g h   a  f lu id  

inlet  port  29  on  cup  shaped  casing  12,  is  taken  into  fluid  p o c k e t s  
formed  between  both  spiral  e lements   222  and  232  from  outer  end  

portion  of  both  the  spiral  e lements .   As  orbiting  scroll  23  o rb i t s ,  

fluid  in  the  fluid  pockets  is  compressed  and  the  compressed  f lu id  

is  discharged  into  discharge  chamber  26  from  the  fluid  pocket  a t  

the  spiral  e lements   center  through  a  hole  225,  and  theref rom,   d i s -  

charged  through  fluid  outlet  port  30  on  cup  shaped  casing  12  t o  

an  external   fluid  circuit,   for  example,  a  cooling  c i r c u i t .  

Referr ing  to  Fig.  6  and  Fig.  7,  the  driving  mechanism  of  o r b i t -  

ing  scroll  23  will  be  described.  Drive  shaft  13  is  formed  with  a  



disk  shaped  rotor  131  at  its  inner  end  portion  and  is  ro ta tably   s u p p o r t -  

ed  by  sleeve  15  through  a  bearing  31  which  is  disposed  within  s l e eve  

15.  Disk  shaped  rotor  131  is  also  rotatably  supported  by  front  end  

plate  11  through  a  bearing  32  located  within  opening  111  of  front  e n d  

plate  11.  A  crank  pin  or  drive  pin  132  projects  axially  from  a n  

axial  end  surface  of  disk  shaped  rotor  131  and  is  radially  offset  f r o m  

the  center  of  drive  shaft  13.  Circular  end  plate  231  of  o r b i t i n g  

scroll  23  has  tubular  boss  233  axially  projecting  from  the  end  s u r f a c e  

opposite  to  the  end  surface  from  which  spiral  element  232  e x t e n d s .  

A  discoid  or  short  axial  bushing  33  fits  into  boss  233,  and  is  r o t a t a b l y  

supported  therein  by  a  bearing,  such  as  needle  bearing  34.  An 

eccen t r ic   hole  35  is  formed  on  bushing  33;  eccentr ic   hole  35  is 

radially  offset  from  the  center  of  bushing  33.  Drive  pin  132,  which  

is  surrounded  by  a  bearing  36,  fits  into  eccentr ic   hole  35.  T h e r e f o r e ,  

bushing  33  is  driven  by  the  revolution  of  drive  pin  132  to  t h e r e b y  

rota te   within  bearing  34.  The  spiral  element  232  of  orbiting  sc ro l l  

23  is  pushed  against  the  spiral  e lement   222  of  fixed  scroll  22 

due  to. the  moment  created  between  the  driving  point  and  the  r e a c t i o n  

force  acting  point  of  the  pressurized  gas  to  secure  the  line  c o n t a c t s  

and  effect   radial  sealing.  _  
Referr ing  to  Figs.  6  and  8,  the  rotat ion  p reven t ing / th rus t   b e a r i n g  

device  24  will  be  described.  Rotat ion  p reven t ing / th rus t   b e a r i n g  

device  24  is  p l a c e d   between  the  inner  end  surface  of  front  end  p l a t e  

11  and  the  end  surface  of  circular  end  plate  231  which  faces  t h e  

inner  end  surface  of  front  end  plate  11.  Rotation  p r e v e n t i n g / t h r u s t  

bearing  device  24  includes  a  fixed  ring  241,  which  is  f a s t e n e d  

against  the  inner  end  surface  of  front  end  plate  11  by  a  f a s t e n i n g  

device,  such  as  pins  242,  an  orbiting  ring  243  which  is  fastened  a g a i n s t  

the  end  surface  of  circular  end  plate  231  by  a  fastening  device,  such  

as  pins  244,  and  a  bearing  element ,   such  as  a  plurality  of  sphe r i ca l  

balls  245.  Both  rings  241  and  243  have  a  plurality  of  circular  in -  

dentat ions  246  and  247  and  one  of  the  spherical  balls  245  is  r e t a i n e d  



between  each  of  these  indentat ions  246  and  247.  The  rota t ion  o f  

orbiting  scroll  23  is  prevented  by  balls  245,  which  in terac t   with  t h e  

edges  of  indentat ions  246  and  247  t o  p r even t   rotat ion.   Also,  

balls  245.  carry  the  axial  thrust  load  from  orbiting  scroll  23.  T h e r e -  

fore,  orbiting  scroll  23  orbits  while  maintaining  its  angular  o r i e n t a t i o n  

to  fixed  scroll  22.  As  shown  in  Fig.  8,  orbiting  ring  243  p r e f e r a b l y  
consists  of  a  ring  member  243A  and  plate  member  243B.  Bo th  

members  243A  and  B  are  fastened  against  end  plate  231  of  o r b i t i n g  

scroll  23  by  pins  244.  Al ternat ively,   orbiting  ring  243  may  be  f o r m e d  

of  a  single  integral  piece  of  m a t e r i a l .  

The  relat ive  locations  of  the  centers  of  the  spiral  e l e m e n t s  

222  and  232,  circular  end  plates  221  and  231,  housing  10,  d r ive  

shaft  13  and  drive  pin  132,  in  accordance   with  the  present  invent ion ,  

are  i l lustrated  in  Fig.  9.  As  seen  therein,  the  center  Oc  of  t h e  

end  plate  221  of  fixed  scroll  22  is  concentr ic   or  aligned  with  t h e  

center  line  0s  of  the  housing  10,  which  is  also  the  center  l ine 

of  drive  shaft  13.  The  drive  point  0 D  of  orbiting  scroll  23  is 

placed  on  the  center  OE  of  the  end  plate  231  of  orbiting  scroll  23. 

Therefore,   tubular  boss  233  which  projects  axially  from  the  ax i a l  

end  surface  of  end  plate  231  of  orbiting  scroll  23  to  o p e r a t i v e l y  

connect   it  to  the  driving  mechanism  can  be  formed  c o n c e n t r i c  

with  end  plate  231  of  orbiting  scroll  23,  and  the  ring  e l e m e n t s  

241,233  of  rotat ion  p reven t ing / th rus t   bearing  device  24  can  be  

located  on  the  end  surfaces  of  the  housing  and  orbiting  s c ro l l  

concentr ic   with  the  center  of  the  housing,  orbiting  scroll  and  boss .  

The  dead  space  which  is  caused  by  the  eccent r ic   d i spos i t ion  

(shown  as  A  in  Fig.  5)  can  be  e l iminated  and  the  d iameter   of  t h e  

housing  can  be  reduced.  Since,  the  disposition  of  the  driving  m e c h a n -  

ism  or  the  rota t ion  p reven t ing / th rus t   bearing  devices  is  c o n c e n t r i c  

to  the  connected  parts,  the  manufac tur ing   of  the  parts,  for  e x a m p l e  

the  orbiting  scroll  and  the  front  end  plate,  can  be  done  by  s imple  

working  of  the  parts  to  a  high  dimensional  accuracy.   F u r t h e r m o r e ,  

the  assembly  of  the  apparatus  utilizing  such  concentr ic   parts  is 

s imple .  



This  invention  has  been  described  in  detail  in  connection  wi th  

the  preferred   embodiment ,   but  this  is  an  example  only  and  the  i nven-  

tion  is  not  r es t r i c ted   thereto .   It  will  be  easily  understood  by  t hose  

skilled  in  the  art  that  other  variations  and  modificat ions  can  be  

easily  made  within  the  scope  of  the  invent ion .  



1.  In  a  scroll  type  fluid  displacement   apparatus  including  a  

housing,  a  fluid  inlet  port  and  a  fluid  outlet  port,  a  fixed  sc ro l l  

joined  with  said  housing  and  having  a  first  circular  end  plate  f r o m  

which  a  first  wrap  extends  into  the  interior  of  said  housing,  a n  

orbiting  scroll  having  a  second  circular  end  plate  from  which  a  

second  wrap  extends,  said  first  and  second  wraps  in te r f i t t ing   a t  

an  angular  and  radial  offset  to  make  a  plurality  of  line  c o n t a c t s  

to  define  at  least  one  pair  of  sealed  off  fluid  pockets,  a  d r iv ing  

mechanism  including  a  drive  shaft  operat ively  connected  to  s a id  

orbiting  scroll  to  effect   the  orbital  motion  of  said  orbiting  s c ro l l  

at  radius  Ror,  and  a  rotat ion  preventing  means  for  prevent ing  t h e  

rota t ion  of  said  orbiting  scroll  so  that  the  volume  of  the  f lu id  

pockets  changes  during  the  orbital  motion  of  said  orbiting  sc ro l l ,  

the  improvement   comprising  the  center  of  said  first  circular  e n d  

plate  being  aligned  with  the  cen te r  l i ne   of  said  housing, -the  c e n t e r  

of  said  first  wrap  being  radially  offset  from  the  center  of  s a id  

first  circular  end  plate  by  the  distance  1/2  Ror,  the  center   of  s a id  

second  wrap  being  radially  offset  from  the  center  of  said  s e c o n d  

circular  end  plate  by  the  distance  Ror,  said  drive  shaft  having  a  

center   line  aligned  with  the  center  line  of  said  housing  and,  s a id  

drive  shaft  having  a  crank  portion  at  its  inner  end  portion  o p e r a t i v e l y  

connected   to  said  orbiting  scroll  at  the  center  of  said  second  end  

p l a t e .  

2.  The  scroll  type  fluid  d isp lacement   apparatus  of  claim  1 

wherein  said  driving  mechanism  comprises  said  drive  shaft  which  ha s  

said  crank  pin  project ing  axially  from  the  inner  end  surface  t h e r e o f  

and  radially  offset  from  the  center  line  of  said  drive  shaft,  a  

tubular  boss  axially  project ing  from  the  axial  end  surface  of  sa id  

second  end  plate  and,  a  bushing  which  is  rota tably  supported  wi th in  

said  tubular  boss  and  connected  to  said  crank  pin.  



p r e s s u r e   in  f l u i d   p a t h   24  w i l l   be  s u i t a b l e   to   b r e a k   t h e  

p r e s s u r e   s e a l   a t   c r e a s e   26  and  t h e r e b y   p e r m i t   t h e  

c o m m u n i c a t i o n   of  f l u i d   t h e r e p a s t   to   s t r i p   2 2 .  

As  i s   b e s t   shown  in  FIG.   3,  r e c e p t a c l e   t a m p e r i n g  

i n d i c a t o r   12  c o m p r i s e s   t o p   and  b o t t o m   h a l v e s   28  and  3 0 .  

Each  h a l f   of  i n d i c a t o r   12  i s   p r e f e r a b l y   f a b r i c a t e d   f r o m  

a  t h i n   and  o p a q u e ,   h e a t   a n d / o r   p r e s s u r e   s e n s i t i v e  

m a t e r i a l ,   s u c h   as  a  p l a s t i c ,   a  f o i l ,   or  t h e   l i k e .  

P r i m a r y   f l u i d   r e s e r v o i r   14  i s   s t a m p e d   or  p r e s s e d   i n t o  

t h e   b o t t o m   h a l f   30  of  i n d i c a t o r   12 .   T h u s ,   p r i m a r y  

r e s e r v o i r  1 4   e x t e n d s   d o w n w a r d l y   f rom  b o t t o m   h a l f   30  s o  

as  to   be  a b l e   to   r e c e i v e   a  s u i t a b l e   s u p p l y   of  f l u i d  

( e . g .   w a t e r ) .   Top  and  b o t t o m   i n d i c a t o r   h a l v e s   28  a n d  

30  a r e   s e a l e d   t o g e t h e r   by  m e a n s   of  a  c o n t r o l l e d  

a p p l i c a t i o n   of  h e a t   and  p r e s s u r e   t h e r e t o .   H o w e v e r ,  

p r i o r   to  s e a l i n g ,   a  s t r i p   of  l i t m u s   p a p e r   22  i s  

p o s i t i o n e d   a t   t he   t a b   p o r t i o n   10  of  i n d i c a t o r   1 2  

b e t w e e n   t h e   t op   and  b o t t o m   h a l v e s   28  and  30  t h e r e o f .  

M o r e o v e r ,   a  s u i t a b l y   s i z e d   p o r t i o n   of  s t r i n g   20  i s  

p o s i t i o n e d   a l o n g   t h e   b o t t o m   h a l f   30  of  i n d i c a t o r   12  s o  

as  to   d e f i n e   a  r e g i o n   a t   w h i c h   f l u i d   p a t h   18  w i l l   b e  

f o r m e d   b e t w e e n   p r i m a r y   and  s e c o n d a r y   f l u i d   r e s e r v o i r s  

14  and  16.   D u r i n g   t h e   m a n u f a c t u r i n g   and  s e a l i n g  



p r o c e s s   by  w h i c h   t h e   r e c e p t a c l e   t a m p e r i n g   i n d i c a t o r   1 2  

i s   f o r m e d ,   d i e s   can  be  u t i l i z e d ,   so  t h a t   v o i d s   w i l l   b e  

c r e a t e d   in  t he   s e a l   b e t w e e n   t o p   and  b o t t o m   i n d i c a t o r  

h a l v e s   28  and  30.   T h e s e   v o i d s   ( n o t   shown)   a r e   s u i t a b l y  

s h a p e d   and  d i m e n s i o n e d   so  as  to   d e f i n e   s e c o n d a r y   f l u i d  

r e s e r v o i r   16  and  f l u i d   p a t h s   18  and  24  a t   t h e   i n t e r f a c e  

b e t w e e n   i n d i c a t o r   h a l v e s   28  and  30.   The  f l u i d  

p a s s a g e w a y   i n c l u d i n g   r e s e r v o i r s   14  and  16  and  p a t h s   1 8  

and  24  f o r m s   a  c l o s e d   s y s t e m   to  p r e v e n t   t h e   e s c a p e   o f  

f l u i d   t h e r e f r o m .  

As  i s   b e s t   shown  in  FIG.   2,  t h e   t a b   p o r t i o n   10  o f  

t a m p e r i n g   i n d i c a t o r   12  i n c l u d e s   a  w i n d o w   member  3 2  

f o r m e d   t h e r e t h r o u g h   Window  member  32  i s   p o s i t i o n e d   a t  

t a b   p o r t i o n   10  so  as   to   be  in   a l i g n m e n t   w i t h   i n d i c a t o r  

s t r i p   22 .   D u r i n g   t h e   m a n u f a c t u r i n g   and  s e a l i n g  

p r o c e s s ,   p i e c e s   of  t r a n s p a r e n t   ( e . g .   p l a s t i c )   c o v e r i n g  

m a t e r i a l   a r e   p o s i t i o n e d   o v e r   t h e   t o p   and  b o t t o m   o f  

i n d i c a t o r   s t r i p   22 ,   so  t h a t   when  i n d i c a t o r   h a l v e s   2 8  

and  30  a r e   s e a l e d   t o g e t h e r ,   t h e   c o l o r   of  i n d i c a t o r  

s t r i p   22  w i l l   be  v i s i b l e   to   t h e   c o n s u m e r   or  s t o r e  

m e r c h a n t   t h r o u g h   w indow  member   32 .   In  t h e   a l t e r n a t i v e ,  

t h e   t o p   h a l f   28  of  i n d i c a t o r   12  may  be  f a b r i c a t e d   f r o m  

a  t r a n s p a r e n t   m a t e r i a l ,   so  t h a t   i n d i c a t o r   s t r i p   22  i s  



v i s i b l e   t h e r e t h r o u g h .   H e n c e ,   t h e  n e e d   f o r   w i n d o w  

member  32  and  t h e   t r a n s p a r e n t   c o v e r i n g s   t h e r e o v e r   w o u l d  

be  a d v a n t a g e o u s l y   e l i m i n a t e d .  

When  in  t h e   a s s e m b l e d   r e l a t i o n s h i p ,   t h e   r e c e p t a c l e  

t a m p e r i n g   i n d i c a t o r   12  of  t h e   p r e s e n t   i n v e n t i o n   i s  

p o s i t i o n e d   b e n e a t h   t h e   cap   8  of  t h e   r e c e p t a c l e   in  w h i c h  

a  p l u r a l i t y   of  d o s a g e   f o r m s   a r e   p a c k a g e d   by  t h e  

m a n u f a c t u r e r   t h e r e o f .   A c c o r d i n g   to   t h e   f i r s t   p r e f e r r e d  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   a  t h i n   l a y e r   34  o f  

a d h e s i v e   i s   d i s p o s e d   a l o n g   t h e   t op   i n d i c a t o r   h a l f   3 0 .  

A c c o r d i n g l y ,   by  a p p l y i n g   s u i t a b l e   p r e s s u r e ,   t h e  

m a n u f a c t u r e r   of  t h e   d o s a g e   f o r m s   may  a f f i x   i n d i c a t o r   1 2  

to  t h e   u n d e r s i d e   38  of  a  r e c e p t a c l e   cap   8  a t   a  ( e . g .  

p a p e r   or  p l a s t i c )   s e a l   36  t h a t   i s   f r e q u e n t l y   a t t a c h e d  

t h e r e a t .   In  t h e   e v e n t   t h a t   r e c e p t a c l e   cap   8  d o e s   n o t  

have   such   a  s e a l   36  a s s o c i a t e d   t h e r e w i t h ,   r e c e p t a c l e  

t a m p e r i n g   i n d i c a t o r   12  may  be  a f f i x e d   d i r e c t l y   to   t h e  

u n d e r s i d e   38  of  r e c e p t a c l e   cap   8.  In  a  s e c o n d  

p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   s e a l  

36  may  i n c l u d e   i n d i c a t o r   12  as  an  i n t e g r a l   p a r t  

t h e r e o f .   T h u s ,   t h e   need   to   f a b r i c a t e   a  s e p a r a t e   s e a l  

36  and  r e c e p t a c l e   t a m p e r i n g   i n d i c a t o r   12  i s   e l i m i n a t e d  

by  f o r m i n g   s e a l   36  w i t h   f l u i d   r e s e r v o i r s   14  and  1 6 ,  



f l u i d   p a t h s   18  and  24,   and  c h e m i c a l l y   t r e a t e d   f l u i d  

i n d i c a t o r   s t r i p   22  t h e r e i n ,   as  p r e v i o u s l y   d i s c l o s e d .  

H o w e v e r ,   s u c h   an  i n t e g r a l   s e a l - i n d i c a t o r   s t r u c t u r e  

w o u l d   a l s o   i n c l u d e   a  t a b   ( s u c h   as  t h a t   d e s i g n a t e d   b y  

r e f e r e n c e   n u m e r a l   10)  e x t e n d i n g   o u t w a r d l y   t h e r e f r o m   o n  

w h i c h   f l u i d   i n d i c a t o r   s t r i p   22  w o u l d   be  d i s p o s e d .   O f  

c o u r s e ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t h e   s i z e s   o f  

r e c e p t a c l e   t a m p e r i n g   i n d i c a t o r   12  and  t h e   r e s e r v o i r s   1 4  

and  16  t h e r e o f   a r e   d e p e n d e n t   upon  t h e   c o r r e s p o n d i n g  

s i z e   of  s e a l   36  and  t h e   a r e a   a v a i l a b l e   b e n e a t h   t h e  

r e c e p t a c l e   cap   8 .  

The  o p e r a t i o n   of  t h e   p r e s e n t l y   d i s c l o s e d   r e c e p t a c l e  

t a m p e r i n g   i n d i c a t o r   12  i s   b e s t   d i s c l o s e d   w h i l e  

r e f e r r i n g   to   FIG.   4  of  t h e   d r a w i n g s .   As  p r e v i o u s l y  

d i s c l o s e d ,   i n d i c a t o r   12  i s   a t t a c h e d   b e n e a t h   t h e  

r e c e p t a c l e   cap   8.  In  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   p r i m a r y   f l u i d   r e s e r v o i r   14  and  t h e  

a d d i t i o n a l   f l u i d   p a t h   24  a r e   p a r t i c u l a r l y   l o c a t e d   so  a s  

to   be  e n g a g e d   by  t h e   r im  40  w h i c h   i s   f o r m e d   a t   t h e  

m o u t h   of  t h e   r e c e p t a c l e   ( d e s i g n a t e d   1  in  FIG.   1 ) ,  

t h r o u g h   w h i c h   a  s u p p l y   of  d o s a g e   f o r m s   may  be  w i t h d r a w n  

f rom  or  l o a d e d   w i t h i n   t h e   r e c e p t a c l e .   M o r e  

p a r t i c u l a r l y ,   when  t h e   m a n u f a c t u r e r   has   l o a d e d  
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