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Multicylinder  swash  plate  compressors. 
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Q.  
I l l  

Each  piston  head  (38)  is  provided  with  a  diametral 
dimension  (D172)  less  than  the  diametral  dimension  of  its 
respective  bore  (34)  to  provide  a  substantial  annular  space 
therebetween,  and  a  solid  seal-support  ring  (40)  of  low- 
friction  material  is  mounted  in  a  circumferential  groove 
(170)  on  each  piston  head  and  is  sufficiently  thick  for  the 

piston  head  to  be  supported  thereby  with  the  metal  of  the 
piston  head  not  permitted  to  touch  the  metal  of  its  respec- 
tive  bore  throughout  reciprocation  of  the  piston  (36)  in 
the  bore. 

The  longitudinal  dimension  of  the  rings  (40)  is  made 
substantially  equal  to  the  longitudinal  dimension  of  the 
piston  heads,  so  that  the  axis  of  the  piston  head  may  angle 
slightly  with  respect  to  the  axis  of  its  bore,  thereby  reducing 
the  criticality  of  alignment  of  the  bores  in  the  cylinder 
blocks  so  that  they  may  be  bored  individually  rather  than 
as  assembled  pairs. 



T h i s   i n v e n t i o n  r e l a t e s   t o  m u l t i c y l i n d e r   s w a s h  

p l a t e   c o m p r e s s o r s .  

In   a t t e m p t i n g   to   a r r i v e   a t  a   c o m p a c t  l i g h t w e i g h t -  

m u l t i c y l i n d e r   s w a s h   p l a t e   c o m p r e s s o r   f o r   u s e   as  a  r e f -  

r i g e r a n t   c o m p r e s s o r   in   a  v e h i c l e ,   i t   ha s   b e e n   f o u n d  

h e l p f u l   to   e m p l o y   a  p a i r   of  a l u m i n u m   c y l i n d e r   b l o c k s ,  

w i t h   t h e   c y l i n d e r   b o r e s   in   e a c h  b l o c k   a x i a l l y   a l i g n e d  

w i t h   and   s p a c e d   f r o m   t h o s e   in   t h e   o t h e r   b l o c k .   D o u b l e -  

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

p i s t o n   h e a d s   t h a t   a r e   c o n n e c t e d   by  a  b r i d g e   and  s l i d e  

in   t h e   a l i g n e d   c y l i n d e r   b o r e s .   The  s w a s h   p l a t e   i s  

r o t a t a b l y   m o u n t e d   and  c o n t a i n e d   b e t w e e n   t h e   c y l i n d e r  

b l o c k s ,   and  i s   s l i d a b l y - c o n n e c t e d   t o  t h e   d o u b l e - e n d e d  

p i s t o n s   a t   t h e i r   b r i d g e   to   r e c i p r o c a t e   same  i n  t h e  

c o n v e n t i o n a l   m a n n e r .  

The  p r e s e n t   i n v e n t i o n ,  i n   s e a r c h   of  t h e   o p t i m u m  

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

t h e s e   a r e a s   in  c o n j u n c t i o n   w i t h   a  u n i q u e   p i s t o n   and  p i s t o n  

r i n g   c o n f i g u r a t i o n .  

T h e r e   i s   d i s c l o s e d   in   t h e   s p e c i f i c a t i o n   o f  

U n i t e d   S t a t e s   P a t e n t   No.  3 , 8 8 5 , 4 6 0   ( P a r k )   a  m u l t i c y l i n d e r -  

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

b l o c k s   w i t h   t h e   b o r e s   in   e a c h   b l o c k   n o r m a l l y   a x i a l l y  

a l i g n e d   w i t h   and  s p a c e d   f r o m   t h e   b o r e s   in   t h e   o t h e r   b l o c k ,  
a  p l u r a l i t y   of   m e t a l l i c   p i s t o n s   e a c h   f o r m e d   as  a  u n i t a r y  
d o u b l e - e n d e d   p i s t o n   p a i r   by  a  b r i d g e   t h e r e b e t w e e n   a n d  

r e c i p r o c a b l e   in  a  r e s p e c t i v e   a l i g n e d   p a i r   of   s a i d   b o r e s ,  
and   a  s w a s h   p l a t e   r o t a t a b l e   a b o u t   an  a x i s   p a r a l l e l   to   t h e  

a x e s   of   s a i d   b o r e s   and  r e l a t i v e l y   s l i d a b l y   c o n n e c t e d   t o  
t h e   p i s t o n   p a i r s  a t   t h e i r   b r i d g e   f o r   r e c i p r o c a t i n g   t h e  

p i s t o n s   in   t h e i r   r e s p e c t i v e   b o r e s ,   w i t h  t h e   mass   of   s a i d  
s w a s h   p l a t e   h a v i n g   t h e   c h a r a c t e r i s t i c   of   d y n a m i c a l l y   b a l -  

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

h a v i n g   t h e   c h a r a c t e r i s t i c   of  d e l i m i t i n g   t h e   min imum  l e n g t h  
of  t h e   c o m p r e s s o r   and  t h u s   t h e   c o m p a c t n e s s   of  t h e   c o m p r e s s o r ,  



and  a  s o l i d   s e a l   r i n g   c a r r i e d   by  e a c h   s a i d   p i s t o n   t o  

p r o v i d e   a  s e a l   b e t w e e n   t h e   p i s t o n   and  t h e   r e s p e c t i v e  

b o r e .  

By  t h e   p r e s e n t   i n v e n t i o n   t h e r e  i s   p r o v i d e d  

a  m u l t i c y l i n d e r   s w a s h   p l a t e   c o m p r e s s o r   w h i c h ,   in   a d d i -  

t i o n   t o   p o s s e s s i n g   s u c h   f e a t u r e s ,   i s   c h a r a c t e r i s e d   i n  

t h a t  a   p i s t o n   h e a d   o n . e a c h   p i s t o n   has   a  d i a m e t r a l   d i m e n s i o n  

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

t o  p r o v i d e   a  s u b s t a n t i a l   a n n u l a r   s p a c e   t h e r e b e t w e e n ,   e a c h  

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

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

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

i t s   r e s p e c t i v e   b o r e   t h r o u g h o u t   i t s   r e c i p r o c a t i o n   in   t h e  

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

l o n g i t u d i n a l   d i m e n s i o n   a l o n g   i t s   r e s p e c t i v e   b o r e   t o  

p r o d u c e   a  s u f f i c i e n t   c i r c u m s c r i b i n g   a r e a   on  s a i d   p i s t o n  

h e a d   in   j u x t a p o s i t i o n   w i t h   i t s   r e s p e c t i v e   b o r e   to   p e r m i t  

t h e   w e a r   r e s i s t a n c e  o f   t h e - s e a l - s u p p o r t   r i n g   t h e r e b e t w e e n  

to   a p p r o x i m a t e   t h e   l i f e   of   t h e   c o m p r e s s o r ,   so  r e d u c i n g  

t h e   l e n g t h   and  w e i g h t   of   s a i d   p i s t o n   h e a d   and  t h e r e b y  

t h e   l e n g t h   and  w e i g h t   o f   t h e   c o m p r e s s o r ,   e a c h   s a i d   p i s t o n  

p a i r   h a s   e s s e n t i a l l y - o n l y  s u f f i c i e n t   b r i d g e   m a t e r i a l   t o  

h o l d   i t s   p i s t o n   h e a d s   t o g e t h e r   d u r i n g   r e c i p r o c a t i o n   s o  

t h a t   t h e   w e i g h t   of   s a i d   p i s t o n   p a i r s   and  t h u s   of   t h e   c o m p -  

r e s s o r   i s   e v e n   f u r t h e r  r e d u c e d ,   t h e   m a s s   of  s a i d   s w a s h  

p l a t e   i s   r e d u c e d   in   p r o p o r t i o n   t o   t h e   r e d u c e d   w e i g h t   o f  

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

of   t h e   p i s t o n   p a i r s ,   s a i d   s e a l - s u p p o r t   r i n g   i s   o f  

p o l y t e t r a f l u o r e t h y l e n e   or   o t h e r   l o w - f r i c t i o n   m a t e r i a l   a n d  

has   a  t h i c k n e s s   d i m e n s i o n  a t   l e a s t   as  g r e a t   as  t h e   w i d t h  

of  t h e   s p a c e   b e t w e e n   t h e   p i s t o n   h e a d   and  i t s   r e s p e c t i v e   b o r e  

and  a  l o n g i t u d i n a l   d i m e n s i o n   s u b s t a n t i a l l y   e q u a l   to   t h e  

l o n g i t u d i n a l   d i m e n s i o n   of   t h e   p i s t o n   h e a d   so  t h a t   t h e   a x i s  

of  s a i d   p i s t o n   h e a d   may  a n g l e   s l i g h t l y   w i t h   r e s p e c t   to   t h e  

a x i s   o f   i t s   b o r e   w h e r e b y   t o   r e d u c e   s i g n i f i c a n t l y   t h e  



c r i t i c a l i t y   of   t h e   a x i a l  a l i g n m e n t   o f  b o t h   b o r e s   so  t h a t  

t h e   c y l i n d e r   b l o c k s   may  be  b o r e d   i n d i v i d u a l l y   r a t h e r  

t h a n   a s  a s s e m b l e d   p a i r s .  

P r e f e r a b l y   e a c h   s o l i d   ( t h a t   i s ,   n o n - s p l i t )  

s e a l - s u p p o r t   r i n g   i s   m o u n t e d   in   a  c i r c u m f e r e n t i a l   g r o o v e  

t h a t   i s   f o r m e d   in   t h e   r e s p e c t i v e   p i s t o n   h e a d  a n d   i s   d e f i n e d  

o n - o p p o s i t e  s i d e s   b y   p i s t o n   l a n d s   e a c h  h a v i n g   a  l o n g i t u d i n a l  

d i m e n s i o n   ( w i d t h )   s u b s t a n t i a l l y   l e s s   t h a n . t h a t   of   t h e  

g r o o v e ,   w i t h   t h e   s e a l - s u p p o r t   r i n g   b e i n g  m a d e   s u f f i c i e n t l y  

t h i c k   f o r   t h e   m e t a l  o f   t h e   p i s t o n   h e a d   a t   t h e   p i s t o n   l a n d s  

n o t   t o   t o u c h   t h e   m e t a l   of  t h e   r e s p e c t i v e   c y l i n d e r   b o r e  

t h r o u g h o u t   r e c i p r o c a t i o n  o f   t h e . p i s t o n   in   t h e   b o r e .  

M o r e o v e r ,  t h e   t h i c k n e s s   d i m e n s i o n   of  t h e   s e a l - s u p p o r t  

r i n g   i s   p r e f e r a b l y   s u b s t a n t i a l l y   g r e a t e r   t h a n  t h e   w i d t h  

of   t h e   s p a c e   b e t w e e n   t h e   p i s t o n   h e a d   and   i t s   r e s p e c t i v e  

b o r e   so  t h a t   t h e   a x i s   o f  t h e   p i s t o n   h e a d   may  a n g l e   s l i g h t l y  

w i t h   r e s p e c t   t o   t h e   a x i s   of   i t s   c y l i n d e r   b o r e   w i t h o u t  

c o n t a c t   b e t w e e n   t h e   p i s t o n   l a n d s   and   c y l i n d e r   b o r e .  

T h e r e   i s   a l s o   a  s e r v i c e   a d v a n t a g e   in  t h e  r e -  

d u c e d   c r i t i c a l i t y   a c h i e v e d   w i t h   t h i s   i n v e n t i o n   in   t h a t  

c y l i n d e r   b l o c k s   may  be  r e p l a c e d   s e p a r a t e l y   i n s t e a d   of   i n  

m a t c h e d   p a i r s .  



I n   t h e   d r a w i n g s :  
F i g u r e   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w  

t a k e n   a l o n g   t h e   l i n e  1 - 1  i n   F i g u r e   2  o f  a   s w a s h   p l a t e   t y p e  

m u l i t i c y l i n d e r   r e f r i g e r a n t   c o m p r e s s o r   f o r   v e h i c l e   u s e  

e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  v i e w   t a k e n   a l o n g  t h e  l i n e   2 - 2  

in   F i g u r e  1 ,   in   t h e   d i r e c t i o n   o f   t h e   a r r o w s ,  w i t h  t h e   u p p e r  
two  of   t h e   c y l i n d e r   b o r e s  o r i e n t e d   p a r a l l e l   t o   e a c h  o t h e r ;  

F i g u r e   3  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e   2 

and  t a k e n   a l o n g   t h e   l i n e   3 - 3   i n   F i g u r e   1,  i n   t h e   d i r e c t i o n  

of   t h e   a r r o w s ;  

F i g u r e   4  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e   2  

and  t a k e n   a l o n g  t h e   l i n e   4 -4   i n   F i g u r e  1 ,   i n   t h e   d i r e c t i o n  

of   t h e   a r r o w s ,  

F i g u r e   5  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e  2  

and  t a k e n   a l o n g   t h e   l i n e   5 -5   i n   F i g u r e   1,  i n   t h e   d i r e c t i o n  

o f   t h e   . a r r o w s ;  

F i g u r e   6  i s  a   v i e w   o r i e n t e d   l i k e   F i g u r e   2 

and  t a k e n   a l o n g   t h e   l i n e   6-6  in   F i g u r e   1,  i n   t h e   d i r e c t i o n  

of   t h e   a r r o w s ;  

F i g u r e   7  i s   a  v i e w   t a k e n   a l o n g  t h e   l i n e   7-7  i n  

F i g u r e   4,  i n   t h e   d i r e c t i o n   o f   t h e   a r r o w s ;  

F i g u r e   8  i s   a  v i e w   t a k e n   a l o n g  t h e   l i n e   8-8  i n  

F i g u r e   6,  i n   t h e   d i r e c t i o n   o f   t h e   a r r o w s :  

F i g u r e   9  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e   2  a n d  

t a k e n   a l o n g   t h e   l i n e   9-9  i n   F i g u r e   1,  i n   t h e   d i r e c t i o n   o f  

t h e   a r r o w s ;  

F i g u r e   10  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e   2  a n d  

t a k e n   a l o n g   t h e   l i n e   1 0 - 1 0   i n   F i g u r e   1,  i n  t h e   d i r e c t i o n   o f  

t h e   a r r o w s ;  

F i g u r e   11  i s   a  v i e w   o r i e n t e d   l i k e   F i g u r e   2  a n d  

t a k e n   a l o n g   t h e   l i n e   1 1 - 1 1   in   F i g u r e   1,  i n  t h e  d i r e c t i o n   o f  
t h e   a r r o w s ;  



F i g u r e   12  is   a  view  o r i e n t e d   l i k e   F i g u r e   2  and  t aken   a l o n g  

the  l i n e   12-12  in  F igu re :  1 ,   in  t he   d i r e c t i o n   of  the   a r r o w s ;  

F i g u r e   13  is   a  view  o r i e n t e d   l i k e   F i g u r e   2  and  t aken   a l o n g  

t h e  l i n e   13-13  in  F i g u r e  1 ,  i n   t he   d i r e c t i o n   of  the   a r r o w s ;  

F i g u r e   14  is.   an  e n l a r g e d   f r a g m e n t a r y   view  i l l u s t r a t i n g   a  
p i s t o n   head  shown in   F igu re   1,  a n d  t h e   assembly   of  a  r i n g   t h e r e o n ;  

F i g u r e   15  is  an  exploded,   view  of  o n e   of  the   p i s t o n s  a n d  

i t s   r i ngs   f r o m  t h e   r e f r i g e r a n t   c o m p r e s s o r   o f  F i g u r e   1 ;   a n d  

F i g u r e   16  i s   a n  e x p l o d e d  v i e w  o f   the   r e f r i g e r a n t   c o m p r e s s o r  

o f  F i g u r e   1,   e x c l u d i n g   the   p i s t o n s .  
I n  t h e   drawings,   t h e r e   i s   shown  a  swash  p l a t e   t y p e   r e f r i g e -  

r a n t   compressor   i n t e n d e d   fo r   v e h i c l e   u s e  a n d   c o n s t i t u t i n g   the   p r e -  

f e r r e d   embodiment  of  the   p r e s e n t   i n v e n t i o n .   The  compresso r   a s s e m b l y  

i n c l u d e s   a  p l u r a l i t y   of  die   c a s t   aluminum  p a r t s ,   namely,  a  f r o n t  

head   10,  a  f r o n t   c y l i n d e r   b l o c k   12  wi th   i n t e g r a l   c y l i n d r i c a l   c a s e  

o r  s h e l l   14,  a  r e a r   c y l i n d e r   b lock   16  w i t h   i n t e g r a l   c y l i n d r i c a l   c a s e  

or  s h e l l  1 8 ,   and  a  r e a r   h e a d  2 0 .   As  can  be  seen  in  F i g u r e s   1  a n d  

16,  the   f r o n t   head  10  has  a  c y l i n d r i c a l   c o l l a r   21  which  t e l e s c o p i c a l l y  

f i t s   over  the   f r o n t   end  of  the   f r o n t   c y l i n d e r   b l o c k   s h e l l   14  w i t h  

both   a  r i g i d   c i r c u l a r   f r o n t   v a l v e   p l a t e   22  of  s t e e l   and  a  c i r c u l a r  

f r o n t  v a l v e  d i s k   23  o f  s p r i n g   s t e e l   s andwiched   t h e r e b e t w e e n  a n d  w i t h  

an  O-r ing   s e a l   24  p r o v i d e d   a t   t h e i r   common  j u n c t u r e .   S i m i l a r l y ,   t h e  

r e a r   h e a d  2 0   has  a  c y l i n d r i c a l   c o l l a r   25  which  t e l e s c o p i c a l l y   f i t s  

over  the   r e a r   end  of  the   r e a r   c y l i n d e r   b l o c k   s h e l l   18  wi th   both   a  

r i g i d   c i r c u l a r   r e a r   v a l v e   p l a t e  2 6  o f   s t e e l   and  a  c i r c u l a r   r e a r  

va lve   d i sk   27  of  s p r i n g   s t e e l   sandwiched   t h e r e b e t w e e n   and  wi th   a n  

0 - r i n g   s e a l   28  p r o v i d i n g   s e a l i n g   at  t h e i r   common  j u n c t u r e .   Then  a t  

the  j u n c t u r e   of  the   c y l i n d e r   b l o c k s ,   the   r e a r   c y l i n d e r   b lock   s h e l l   1 8  

has  a  c y l i n d r i c a l   c o l l a r   29  a t   i t s   f r o n t   end  whitch  t e l e s c o p i c a l l y   f i t s  

over  t h e  r e a r   end  of  the  f r o n t   c y l i n d e r   b l o c k   s h e l l   14  and  t h e r e   i s .  

p r o v i d e d   an  O- r ing   s ea l   30  to  s e a l   t h i s   j o i n t   in  the   t r a n s v e r s e l y  

s p l i t   t w o - p i e c e   c y l i n d e r   b lock   thus   f o r m e d .  

A l l   the   above  m e t a l  p a r t s   are  c lamped  t o g e t h e r   and  he ld   b y  

s ix   (6)  b o l t s   31  at  f i n a l   assembly   a f t e r   t he   assembly   t h e r e i n   of  t h e  

i n t e r n a l   compres so r   p a r t s   l a t e r   d e s c r i b e d .   The  b o l t s   31  e x t e n d  



th rough   a l i g n e d   ho l e s   in  the  f r o n t   head  10,  va lve   p l a t e s   22,  26  a n d  

va lve   d i sk s   2 3 , 2 7   and  e i t h e r   a l i g n m e n t   bores   a n d / o r   p a s s a g e s   in   t h e  

c y l i n d e r   b l o c k s   12,  16  (as  d e s c r i b e d   in  more  d e t a i l  l a t e r )   a n d  a r e  

t h r e a d e d   to  b o s s e s   19  formed  on  the   r e a r  h e a d   20.  The  heads   10  and  20  

and  c y l i n d e r   b lock   s h e l l s   14  and 18  have  g e n e r a l l y   c y l i n d e r i c a l  

p r o f i l e s   and  c o o p e r a t e l y   p r o v i d e   the   compresso r   wi th   a  g e n e r a l l y  

c y l i n d e r i c a l   p r o f i l e   or  o u t l i n e   of  compact  s i z e   c h a r a c t e r i z e d   by  i t s  

s h o r t   l e n g t h   as  p e r m i t t e d   by  the  p i s t c n   and  p i s t o n   r i n g   s t r u c t u r e  

d e s c r i b e d   in  d e t a i l   l a t e r .  

The  f r o n t   a n d   r e a r   c y l i n d e r   b l o c k s   12  and  16  each  have  a  

c l u s t e r   of  t h r e e   e q u a l l y   a n g u l a r l y   and  r a d i a l l y  s p a c e d   and  p a r a l l e l  

t h i n - w a l l   c y l i n d e r s   32  (F)  and  32  (R),  r e s p e c t i v e l y   ( the  s u f f i x e s   F  a n d  

R  be ing   used  h e r e i n   to   deno te   f r o n t   and  r e a r   c o u n t e r p a r t s   in  t h e  

compressor )  .   The  t h i n - w a l l   c y l i n d e r s   32 (F)  and  32  (R)  in  each  c l u s t e r  

are  i n t e g r a l l y   j o i n e d   a long  t h e i r   l e n g t h   wi th   each  o t h e r   both   at   t h e  

c e n t r e   of  t h e i r  r e s p e c t i v e   c y l i n d e r   b lock   12  and  16  and  a t   t h e i r  

r e s p e c t i v e   c y l i n d e r   b lock   s h e l l   14  and  18  as  can  be  seen  in  F i g u r e s  

2  and  3.  The  r e s p e c t i v e   f r o n t   and  r e a r   c y l i n d e r s   32 (F)  and  32 (R) 

each  have  a  c y l i n d r i c a l   bore  34 (F)  and  34  (R)  a l l   of  equa l   d i a m e t e r  
and  the  b o r e s   in  t h e   two  c y l i n d e r   b l o c k s   are  a x i a l l y   a l i g n e d   w i t h  

each  o t h e r   and  c l o s e d   a t   t h e i r   o u t - b o a r d   end  by   the   r e s p e c t i v e   f r o n t  

and  r e a r  v a l v e   d i s k   23  and  27  and  va lve   p l a t e   22  and  26 .   T h e  

o p p o s i t e l y   f a c i n g   i n b o a r d   ends  of  the   a l i g n e d   c y l i n d e r s   32  (F)  a n d  

32 (R)  are  a x i a l l y   spaced   from  each  o t h e r   and  t o g e t h e r   wi th   t h e  

r ema in ing   i n b o a r d   end  d e t a i l s   of  t he   c y l i n d e r   b l o c k s   12  and  16  a n d  

the  i n t e r i o r   of  t h e i r   r e s p e c t i v e   i n t e g r a l   s h e l l  1 4  a n d   18  form  a  

c e n t r a l   c r a n k c a s e   cav i ty  35   in  the  compressor .  In   what  w i l l   be  r e f e r r e d  

to  as  the  normal   or  i n - u s e   o r i e n t a t i o n   of  the  c o m p r e s s o r ,   the   t h r e e  

p a i r   of  a l i g n e d   c y l i n d e r s   a r e  l o c a t e d   as  seen  in  F i g u r e s   2  and  3  at  o r  
c l o s e   to  the   two,  s ix   and  ten  o ' c l o c k   p o s i t i o n s   w i th   the  two  a d j o i n i n g  

upper   c y l i n d e r s   in  each  c y l i n d e r   b lock   d e s i g n a t e d   32 (A)  and  32 (B)  a n d  

the  lowermost   c y l i n d e r   d e s i g n a t e d   32 (C).  

A  s y m m e t r i c a l  d o u b l e - e n d e d   p i s t o n   36  of  aluminum  is   r e c i -  

p r o c a l l y   mounted  in  each  p a i r   of  a x i a l l y   a l i g n e d   c y l i n d e r   bores   34  (F) , 

34(R)  wi th   each  p i s t o n   hav ing   a  s h o r t   c y l i n d r i c a l   f r o n t   head  38 (F )  



and  a  s h o r t   c y l i n d r i c a l   r e a r   head  38(R)  of  equa l   d i a m e t e r   w h i c h  

s l i d e s   in  the   r e s p e c t i v e   f r o n t   c y l i n d e r   bo re   34  (F)  and  r e a r   c y l i n d e r  

bore   34 (R).   The two  heads  38 (F)  and   38 (R)  of  each  p i s t o n   are  j o i n e d  

by  a  b r i d g e   39  spann ing   the  c a v i t y   35  bu t   a re   a b s e n t   any  s l e d   r u n n e r s  

and  i n s t e a d   are   c o m p l e t e l y   s u p p o r t e d  i n   each  c y l i n d e r   bore  by  a  s i n g l e  

s o l i d   ( n o n - s p l i t )   s e a l - s u p p o r t   r i ng   40  mounted  in  a  c i r c u m f e r e n t i a l  

groove  on  each  p i s t o n   head  as  d e s c r i b e d   in  more  d e t a i l   l a t e r .  

The  t h r e e   p i s t o n s   36  are  d r i v e n   in  c o n v e n t i o n a l   m a n n e r  

b y  a   r o t a r y   d r i v e   p l a t e   4 1  l o c a t e d   in  t h e   c e n t r a l   c a v i t y   35.  T h e  

d r i v e   p la te -   41,  commonly  c a l l e d   a  swash  p l a t e ,   d r i v e s   the  p i s t o n s   f r o m  
e a c h   s i d e   t h r o u g h   a  b a l l   42  w h i c h  f i t s   in  a  s o c k e t   44  on  the  b a c k s i d e  

of  t h e   r e s p e c t i v e   p i s t o n   head-  38  and  in  a  s o c k e t   46  in  a  s l i p p e r   48  w h i c h  

s l i d a b l y   engages   the  r e s p e c t i v e   s i d e   of  t h e  s w a s h   p l a t e .   The  s w a s h  

p l a t e   4 1  i s   f i x e d   to  and  d r i v e n   by   a  d r i v e   s h a f t   49  t h a t   is  r o t a t a b l y :  

s u p p o r t e d   and  a x i a l l y   c o n t a i n e d   on  o p p o s i t e   s i d e s   of  the   swash  p l a t e   i n  

t h e  t w o - p i e c e   c y l i n d e r   b lock   1 2 ,  1 6  b y  a   b e a r i n g   a r r angement   i n c l u d i n g  

a x i a l l y   a l i g n e d   f r o n t   and  r e a r   n e e d l e - t y p e   j o u r n a l   b e a r i n g s   5 0  ( F ) ,  

50 (R)  and  f r o n t   and  r e a r   n e e d l e - t y p e   t h r u s t   b e a r i n g s   52 (F),  52 (R).  

The  f r o n t   j o u r n a l   b e a r i n g   50(F)  a n d  r e a r   j o u r n a l   b e a r i n g  

50(R)  are  mounted  r e s p e c t i v e l y   in  a  c e n t r a l   bore   54  in  the  f r o n t  

c y l i n d e r   b l o c k   12  and  a  c e n t r a l   bore   56  in  t h e  r e a r   c y l i n d e r   b lock   1 6  

a n d  i t  i s  i m p o r t a n t  t h a t   t h e s e   b o r e s ,   l i k e   the   c y l i n d e r   bo re s   in   t h e  

b l o c k s ,   be  c l o s e l y   a l i g n e d   w i th   each  o t h e r .   The  f r o n t   t h r u s t   b e a r i n g  

52  (F)  and  r e a r   t h r u s t   b e a r i n g s   52  (R)  are   mounted  r e s p e c t i v e l y   b e t w e e n  

an  a n n u l a r   s h o u l d e r   58,  60  in  the   r e s p e c t i v e   f r o n t   and  r e a r   s ide   o f  

h u b  6 2  o f   the   swash  p l a t e   41  a n d   an  a n n u l a r   s h o u l d e r   6 4 ,   66  o n  t h e  

r e s p e c t i v e   i n b o a r d   end  of  the   f r o n t   and  r e a r   c y l i n d e r   b locks   12,  1 6 .  

The  r e a r   end  68  of  the   d r i v e   s h a f t   49  t e r m i n a t e s   w i t h i n   the  r e a r  

c y l i n d e r   b lock   s h a f t   bore   56  which  is   c l o s e d   by  the   c e n t r e   of  t h e  

r e a r   v a l v e   p l a t e   26.  On  the  o t h e r   hand,   the   d r i v e   s h a f t   49  e x t e n d s  

outward  of  the   f r o n t   c y l i n d e r   b lock   s h a f t   bore   54  th rough   a  c e n t r a l  

ho le   70  in  the   f r o n t   va lve   p l a t e   22  and  t h e n c e   on  o u t w a r d l y   t h r o u g h  

an  a l i g n e d   ho le   71  in  a  t u b u l a r   e x t e n s i o n   72  which  p r o j e c t s   o u t w a r d l y  

from  a n d  i s   i n t e g r a l   w i th   the   f r o n t   head  1 0 .  

As  shown  in  F i g u r e   1, a  r o t a r y   s e a l   assembly  74,  i n c l u d i n g  



a  s t a t i o n a r y   s ea l   75  and  a  s p r i n g   b i a s e d   r o t a r y   s ea l   76  t h a t   e n g a g e s  

t h e r e w i t h ,   p r o v i d e s   s e a l i n g   be tween   the  d r i v e   s h a f t   49  and  f r o n t   h e a d  

10  w i t h i n   t h e  t u b u l a r e  e x t e n s i o n   72.  Ou tboard   t h i s   s ea l   a r r a n g e m e n t  

the  d r i v e   s h a f t   49  is   adap ted   to  be  s e c u r e d   wi th   the  aid  of  a  t h r e a d  

77  o n  t h e   end  t h e r e o f   to  a  c l u t c h   of  c o n v e n t i o n a l   t y p e ,   n o t   shown,  

which  is  e n g a g e a b l e   to  c l u t c h   the   s h a f t   to   a  p u l l e y ,   a l so   not   shown,  

which  i s   c o n c e n t r i c   t h e r e w i t h ,   and  in  the   case   of  v e h i c l e   i n s t a l l a t i o n ,  

is  b e l t   d r i v e n   from  the  e n g i n e .   For  mount ing   the  c o m p r e s s o r ,   t h r e e  

mounting  arms  78  are  i n t e g r a l l y   formed  w i t h   the   f r o n t   head  10  a t   t h e  

t h r e e ,   s i x  a n d  n i n e  o ' c l o c k  p o s i t i o n s   as  seen  from  the  f r o n t   e n d  i n  

F i g u r e  1 2   so  t h a t   the   f o r c e   due  to  the   d r i v e   t e n s i o n   is  t r a n s f e r r e d  

d i r e c t l y   to   the   mount ing  b r a c k e t   to   which  t h e s e   arms  are  to  be  a t t a c h e d .  

This  has  been  found  to  e l i m i n a t e   the   p o s s i b i l i t y   of  mot ion  b e t w e e n  

t h e   f r o n t   head  10  and  t h e  t w o - p i e c e   c y l i n d e r   b lock   12,  16  which  c o u l d  

r e s u l t   in  s h a f t   s ea l   m i s a l i g n m e n t .  
D e s c r i b i n g   n o w  t h e  r e f r i g e r a n t  f l o w   system  w i t h i n   the  com- 

p r e s s o r ,   gaseous   r e f r i g e r a n t   w i t h   some  o i l   e n t r a i n e d   t h e r e i n   e n t e r s  

th rough   an  i n l e t   80  in  the  r e a r   head  20  and  i n t o   a  c a v i t y   82  i n   the  r e a r  
head  as  can  be  seen  in  F i g u r e s   8  and  9.  The  e n t e r i n g   r e f r i g e r a n t   i s  

d i r e c t e d   t h r o u g h   the  r e a r   c a v i t y   82  t h r o u g h   a  r e c t a n g u l a r   s h a p e d  

a p e r t u r e   84  in  the   r e a r   va lve   p l a t e  2 6   and  a  c o r r e s p o n d i n g   a p e r t u r e   85 

i n   the  r e a r   va lve   d i sk   27  i n t o   a  r e f r i g e r a n t   t r a n s f e r   and  o i l   s e p a r a -  

t i o n   p a s s a g e   90  which  ex tends   the   l e n g t h   of  t he   t w o - p i e c e   c y l i n d e r  

block  12,  16  and  opens  i n t e r m e d i a t e   i t s   l e n g t h   to  the  c e n t r a l   c r a n k -  

case  c a v i t y   35.  The  l o n g i t u d i n a l l y   e x t e n d i n g   r e f r i g e r a n t   t r a n s f e r   a n d  

o i l   s e p a r a t i o n   pas sage   90  is   d e f i n e d   by  c e r t a i n   i n t e r n a l   s t r u c t u r e  

of  the  compresso r   so  as  to  i nduce   o i l   s e p a r a t i o n   from  the  p a s s i n g  

r e f r i g e r a n t .   T h i s  o i l   s e p a r a t i o n   s t r u c t u r e   p r i m a r i l y   i n c l u d e s   t h e  

a d j o i n i n g   l o n g i t u d i n a l l y   e x t e n d i n g   o u t e r   convex  s u r f a c e   91 (F) ,  92 (F)  and  

(91) R, 92  (R)  of  the   two  a d j o i n i n g   u p p e r  c y l i n d e r   w a l l s   32  (A),  32  (B) 

of  the  r e s p e c t i v e   f r o n t   and  r e a r   c y l i n d e r   b locks   12 ,  16   and  by,  b u t  

only  s e c o n d a r i l y ,   the  l o n g i t u d i n a l l y   e x t e n d i n g   i n t e r i o r   concave  s u r f a c e  

94 (F),  94 (R)  of  the   r e s p e c t i v e   f r o n t   and  r e a r   c y l i n d e r   b lock   s h e l l s  1 4 ,  

18  as  w i l l   became  more  a p p a r e n t   l a t e r .  

The  r e f r i g e r a n t   t r a n s f e r   and  o i l   s e p a r a t i o n   passage   90  i s  



open  in  the   f r o n t   end  of  the   compresso r   t h r o u g h   a  r e c t a n g u l a r   s h a p e d  

a p e r t u r e   95  in  the  f r o n t   v a l v e   d i s k   23  and  a  c o r r e s p o n d i n g   a p e r t u r e  

9 6  i n   the   f r o n t   v a l v e   p l a t e   22  to  an  a n n u l a r   f r o n t   s u c t i o n   chamber  98 

i n  t h e   f r o n t   head  10.  The  f r o n t   s u c t i o n   chamber  98  is   formed  by  t h e  

inboard   s i d e   of  the   f r o n t   head  10  and  an  e x t e r n a l   and  i n t e r n a l   c y l i n -  

d r i c a l   wa l l   9 9 ,   100,  r e s p e c t i v e l y ,   e x t e n d i n g   i n b o a r d   t h e r e f r o m   and  b y  

the  o u t b o a r d   s i de   of  the   f r o n t   va lve   p l a t e   22.  The  f r o n t   s u c t i o n  

chamber  98  i s   in  t u r n   c o n n e c t e d  b y   a  c r o s s o v e r   s u c t i o n   pa s sage   101 

e x t e n d i n g   l o n g i t u d i n a l l y   w i t h i n   the   compressor   be tween  the   c y l i n d e r  

w a l l s   32  (A)  and  32 (C)  to   a  r e a r   s u c t i o n   chamber  102  in  the  r e a r   h e a d  

20.   The  f r o n t   s u c t i o n   chamber  98  i s   o p e n  t o   the   c r o s s o v e r   s u c t i o n  

passage   101  t h r o u g h   an  oblong  a p e r t u r e   103  in  t h e   f r o n t   v a l v e   p l a t e  

22  (see  F i g u r e s   10  and  16)  and  a   p a i r   of  c i r c u l a r   a p e r t u r e s   104  i n   t h e  

f r o n t   v a l v e   d i s k   23,  ( s ee   F i g u r e s   11  and  16).   The  s u c t i o n   c r o s s o v e r  

passage   101  e x t e n d s   t h e   l e n g t h   of  the   t w o - p i e c e   c y l i n d e r   b lock   12,  16 

and  is  formed  by  the   a d j o i n i n g   l o n g i t u d i n a l l y   e x t e n d i n g   o u t e r   convex  s u r  

f a c e   105  (F) ,  106  (F)  and  105  (R),  106  (R)of  the   two  a d j o i n i n g   c y l i n d e r   w a l l s  

32 (A),  32 (C)  of  the   r e s p e c t i v e   f r o n t   and  r e a r   c y l i n d e r   b l o c k s   12,  '16 

and  by  the   l o n g i t u d i n a l l y   e x t e n d i n g   i n t e r i o r   concave  s u r f a c e   107  (F) ,  

107  (R)  of  t he   r e s p e c t i v e   c y l i n d e r   b lock   s h e l l s   18,  1 4 .  T h e   c r o s s o v e r  

s u c t i o n   p a s s a g e   101  at   the   r e a r   end  of  the   compressor   is  open  to  t h e  

r e a r   s u c t i o n   chamber  102  t h r o u g h   a  p a i r   of  c i r c u l a r   a p e r t u r e s  

108  in  the   r e a r   v a l v e   d i s k   27  (see  F i g u r e s   5  and  16)  and  an  o b l o n g  

a p e r t u r e   109  in  the   r e a r   v a l v e   p l a t e   26  (see  F i g u r e s   4  and  16).  As 

can  be  seen  in  F i g u r e s   1,  8  and  9,  the   r e a r   s u c t i o n   chamber  102  is   a  

p a r t i a l   or  s p l i t   annu lus   by  s e p a r a t i o n   of  the   i n l e t   c a v i t y   82  and  i s  

formed  by  the   i n b o a r d   s i de   of  the   r e a r   head  20  and  an  e x t e r n a l  a n d  

i n t e r n a l   p a r t i a l   c y l i n d r i c a l   w a l l   110,  111,  r e s p e c t i v e l y ,   e x t e n d i n g  

inboa rd   t h e r e f r o m   and  by  the   o u t b o a r d   s i de   of  the   r e a r   v a l v e   p l a t e  

26 .  

The  r e f r i g e r a n t   r e c e i v e d   in  the   r e s p e c t i v e   f r o n t   and  r e a r  

s u c t i o n   chamber  98,  102  which  is  p r i m a r i l y   from  the  c r a n k c a s e   c a v i t y  

3 5  i s  a d m i t t e d  t o  t h e  p i s t o n  h e a d   end  of  the   r e s p e c t i v e   c y l i n d e r  b o r e s  

34  (F),  34  (R)  t h r o u g h   s e p a r a t e   s u c t i o n   p o r t s   112  (F),  112  (R)  in  the  r e s -  

p e c t i v e   f r o n t   and  r e a r   v a l v e   p l a t e s   22,  27  (see  F i g u r e s   4,  5,  10,  11 

and  16).  Opening  of  the   s u c t i o n   p o r t s   112  (F) ,  112  (R)  du r ing   t h e  



r e s p e c t i v e   p i s t o n   s u c t i o n   s t r o k e   and  c l o s i n g   d u r i n g   the   p i s t o n   d i s -  

charge  s t r o k e   i s   e f f e c t e d  b y   s e p a r a t e   r e e d - t y p e   s u c t i o n   va lve   114 (F) ,  
114  (R)  on  the   p i s t o n   s ide   of  the   v a l v e   p l a t e s   which  a re   f o rmed   in  t h e  

f r o n t   v a l v e   d i s k   23  and  r e a r   v a l v e   d i sk   27  r e s p e c t i v e l y   (see  F i g u r e s  

5  and  1 1 ) .  

Then  fo r   d i s c h a r g e   of  the   r e f r i g e r a n t   upon  c o m p r e s s i o n  

t h e r e o f   in  t h e   c y l i n d e r s ,   t h e r e   are  formed  s e p a r a t e   d i s c h a r g e   p o r t s  

115(F) ,   115(R)  in  t h e  r e s p e c t i v e   v a l v e   p l a t e s   22,  2 6  w i t h   t h e s e   d i s -  

charge  p o r t s   l o c a t e d   a t   the   p i s t o n   end  of  the   r e s p e c t i v e   c y l i n d e r  

b o r e s  3 4  ( F ) ,   34  (R)  and  open   t h e r e t o   t h r o u g h   ob long   a p e r t u r e s   116(F) ,  116  (R)  

in  the  r e s p e c t i v e   v a l v e   d i s k s   23,  27  ( s e e  F i g u r e s   4,  5  and  10,  1 1 ) .  

Opening  and  c l o s i n g  o f   t he   r e s p e c t i v e   d i s c h a r g e   p o r t s   115  (F),  115  (R) 

is   e f f e c t e d   by  s e p a r a t e   r e e d - t y p e   d i s c h a r g e   v a l v e s   117  (F),  117  (R)  o f  

sp r i ng   s t e e l   which   are  b a c k e d  u p   by  r i g i d   r e t a i n e r s   118  ( F ) ,   118  (R) .  

The  d i s c h a r g e   v a l v e s   117 (F),  117  (R)  and  t h e i r   r e s p e c t i v e   r e t a i n e r s  

1 1 8  ( F ) ,   118(R)  are   each  f i x e d   as  seen  in  F i g u r e s   4 ,  7 ,   10  and  16  b y  

an  i n t e g r a l   p in   and  b l i n d   ho l e   i n t e r l o c k   119  and  a  r i v e t   120  to  t h e  

ou tboa rd   s i d e   of  the   f r o n t   v a l v e   p l a t e   22  and  r e a r   v a l v e   p l a t e   26 

r e s p e c t i v e l y   and  i t   w i l l   b e - n o t e d   t h a t   the   d i s c h a r g e   v a l v e s  a n d  

r e t a i n e r s   f o r   the  two  upper   c y l i n d e r s   in  each  c y l i n d e r   b lock   are  o f  

s iamesed  c o n s t r u c t i o n .  

The  r e s p e c t i v e   d i s c h a r g e   p o r t s   115(F) ,   115(R)  are  o p e n e d  

by  t h e i r   d i s c h a r g e   v a l v e s   117(F) ,   117 (R)  to  an  a n n u l a r   d i s c h a r g e  

chamber  121,  122  in  the   r e s p e c t i v e   f r o n t   and  r e a r   heads  10  and  2 0 .  

The  f r o n t   d i s c h a r g e   chamber  121  is   formed  by  the   i n b o a r d   s ide   of  t h e  

f r o n t   head  10  and  the   i n t e r i o r   c y l i n d r i c a l   wa l l   100  and  an  i n b o a r d  

p r o j e c t i n g   e x t e n s i o n   124  of  the   t u b u l a r   p o r t i o n   72  of  the   f r o n t  

head  and  by   the   o u t b o a r d   s ide   of  t he   f r o n t   va lve   p l a t e   22.  The  

inward ly   p r o j e c t i n g   a n n u l a r   e x t e n s i o n   124  on  the   f r o n t   head  10  

engages  and  t h e r e b y   b r a c e s   the   c e n t e r   of  the   f r o n t   va lve   p l a t e   22  

about  the   d r i v e   s h a f t   49.  An  O - r i n g   s e a l   126  is  mounted  in  a  

c i r c u l a r   g roove   in  the   o u t b o a r d   s i de   of  the   f r o n t   v a l v e   p l a t e   22 

a n d  i s  e n g a g e d   by  the   f l a t   a n n u l a r   r a d i a l   f ace   of  the   i n t e r i o r  

c y l i n d r i c a l   wa l l   100  of  the   f r o n t   head  to  p r o v i d e   s e a l i n g   b e t w e e n  

the  f r o n t   s u c t i o n   chamber  98  and  f r o n t   d i s c h a r g e   chamber  121 .  



At  the  o p p o s i t e   o r   r e a r   end  of  the  c o m p r e s s o r ,   the   r e a r   d i s c h a r g e  

chamber  122  i s   formed  by  the   i n b o a r d   s i de   of  the   r e a r   head  20,  t h e  

i n t e r i o r   c y l i n d r i c a l   w a l l   111  of  the   r e a r   head  and  a  c e n t r a l   b o s s  

130  e x t e n d i n g   f rom  the  i n b o a r d   s ide   of  t he   r e a r   head  and  by  the  o u t -  

b o a r d  s i d e   of  the   r e a r   v a l v e  p l a t e   26.  An  O- r ing   s e a l   132  is   m o u n t e d  

in  a  c i r c u l a r   groove  in  the   o u t b o a r d   s ide   o f   the   r e a r   v a l v e   p l a t e   a n d  

is   engaged  by  the   f l a t   a n n u l a r   r a d i a l   f ace   o f   the   i n t e r i o r   wa l l   111 

of  the  r e a r   head  to   p r o v i d e   s e a l i n g   between  the   r e a r   s u c t i o n   chamber  

102  and  r e a r   d i s c h a r g e   chamber  122.  The  c e n t r a l  b o s s   130  e n g a g e s  

and  t h e r e b y   b r a c e s   t h e  c e n t e r   of  t h e   r e a r   v a l v e   p l a t e   26  and  in  a d d i t i o n  

has  a  c o n v e n t i o n a l   h igh   p r e s s u r e   r e l i e f   v a l v e  1 3 6   t h r e a d e d   t h e r e t o .  

The  r e l i e f   v a l v e  1 3 6   i s   o p e n  t o   the  d i s c h a r g e   chamber  122  t h r o u g h   a  

c e n t r a l  a x i a l  b o r e   137  and  a  r a d i a l   p o r t   138  i n   the   boss   130  to   p r o v i d e  

h i g h   p r e s s u r e   r e l i e f   o p e r a t i o n .   In  a d d i t i o n ,   t h e r e   is   formed  a  p o r t .  

139  in  the   r e a r   head  20  t h a t   i s   open  to  the   r e a r   d i s c h a r g e   chamber  

122  and  is   a d a p t e d   to   r e c e i v e   a  c o n v e n t i o n a l   p r e s s u r e   s w i t c h ,   n o t  

s h o w n .  

The  d i s c h a r g e   chambers  121  and  122  in  the  o p p o s i t e   ends  o f  

the  compressor   are  c o n n e c t e d   to  d e l i v e r   the   compressed   r e f r i g e r a n t   i n  

a  pu l se   a t t e n u a t e d   s t a t e   to  an  o u t l e t   140  in  the   r e a r   head  20  w h i c h  

opens  d i r e c t l y   to  t h e  r e a r  d i s c h a r g e   chamber  122.  This  p u l s e   a t t e n u a t e d  

s t a t e   is   a c c o m p l i s h e d   by  c o n n e c t i o n   of  the   two  d i s c h a r g e   chambers  121  

122  t h rough   two  l a r g e - v o l u m e   a t t e n u a t i o n   chambers  148  and  150  w h i c h  

are  formed  in  the  o u t b o a r d   end  of  the  r e s p e c t i v e   c y l i n d e r   b locks   1 2  -  

and 16  between  t h e i r   c y l i n d e r   w a l l s   32  (B)  and  32  (C)  and  are  i n t e r -  

connec ted   by  a long,  s m a l l - f l o w - a r e a   a t t e n u a t i o n   pa s sage   152  formed  b y  

a  match ing   bore   154  (F),  154  (R)  in  t h e s e   r e s p e c t i v e   c y l i n d e r   b l o c k s  

(see  F i g u r e s   1-5,   10, 11  and  16) . .   As  b e s t   seen  in  F i g u r e s   1-3  a n d  

16,  two  r a d i a l l y   and  l o n g i t u d i n a l l y   e x t e n d i n g   p a r t i t i o n s   155F  ( B ) ,  

155  F  (C)  and  150 R  (B) ,  155  R  (C)  in  the   r e s p e c t i v e   f r o n t   and  r e a r  

c y l i n d e r   b l o c k s   12,  16  t o g e t h e r   wi th   the   r e s p e c t i v e   i n t e g r a l   s h e l l s  

14  and  18  d e f i n e   the  p e r i p h e r a l   wa l l   of  the   r e s p e c t i v e   a t t e n u a t i o n  

c h a m b e r s   1 4 8 ,  1 5 0  a n d   s e p a r a t e  t h e m   f rom  the   two  b o l t s   31  which  e x t e n d  

through  the  c y l i n d e r   b l o c k s   between  t h e i r   c y l i n d e r   w a l l s   32  (B)  a n d  

32  (C).  Connec t ion   i s   t hen   p r o v i d e d   d i r e c t l y   between  the   d i s c h a r g e  



chambers  121,  122  and  the  r e s p e c t i v e   a t t e n u a t i o n   chambers  148,  150 

by  a  t r a n s f e r p o r t   156  (F),  156  (R)  in  t h e   r e s p e c t i v e   va lve   p l a t e s   2 2 ,  

26  and  a  c o r r e s p o n d i n g   a p e r t u r e   157  (F),  157  (R)  in  the  r e s p e c t i v e  

va lve   d i s k s   23,  27  (see  F i g u r e s   4,  5  and  10,  11).   As  a  r e s u l t ,   t h e  

d i s c h a r g e   g a s  p u l s e s   from  each  of  the   c y l i n d e r s   a t   the  o p p o s i t e   e n d s  

of  the  compresso r   f i r s t   e x p e r i e n c e   a  l a r g e   chamber  ( i . e .   t h e i r   r e s -  

p e c t i v e   d i s c h a r g e   chamber  121  or  122)  and  are  then   p e r m i t t e d   to  b e  

t r a n s m i t t e d   in  r e s t r i c t e d   manner  t h r o u g h   a  smal l   p o r t   ( i . e .   p o r t  

156  (F)  or  156  (R))  to   a  f i r s t   a t t e n u a t i o n   chamber,  ( i . e .   chamber  148 

or  150)  and  t h e r e a f t e r   t h rough   a  long  p a s s a g e   of  r e s t r i c t e d   s i z e  

( i . e .   p a s s a g e  1 5 2 )   and  t hence   i n t o   a  second  a t t e n u a t i o n   chamber  

( i . e .   chamber  150  or  148)  and  e v e n t u a l l y   to  the  o t h e r   d i s c h a r g e   chamber  

( i . e .   d i s c h a r g e   chamber  122  or  121) .   The  t h r e e   d i s c h a r g e   p u l s e s  

e m i t t e d   from  the  c y l i n d e r s   a t   each  end  of  the   compresso r   are  out  o f  

phase  wi th   each  o t h e r   but   in  phase   w i th   t h o s e   a t   the   o p p o s i t e   end  a n d  

i t   has  been  found  t h a t   by  p r e s c r i b i n g  a   c e r t a i n   r e l a t i o n s h i p   b e t w e e n  

the   volume  and  l e n g t h   of  the   a t t e n u a t i o n   chambers  and  the  flow  a r e a  

and  l e n g t h   of  the   pa s sage   c o n n e c t i n g   them,  the  above  i n t e r n a l   g a s  

d i s c h a r g e   ne twork   in  the   c o m p r e s s o r   o p e r a t e s   to   s u b s t a n t i a l l y   a t t e n -  

ua te   the  gas  p u l s e s   i s s u i n g   from  the   compres so r   at  the  o u t l e t   140  t o  

the  e x t e n t   t h a t   no  e x t e r n a l   or  a u x i l i a r y   m u f f l e r   is   r e q u i r e d .   F o r  

example,   in  an  a c t u a l   c o n s t r u c t i o n   of  t he   compressor   d i s c l o s e d   h e r e i n  

having  a  t o t a l   d i s p l a c e m e n t   of  about   164  an3,  i t   was  found  t h a t   w i t h  

the  volume  and  l e n g t h   of  each  a t t e n u a t i o n   chamber  148,  150  made  a b o u t  

12.3  cm3  and  30  m m  r e s p e c t i v e l y ,   and  t he   f low  a r e a   and  l e n g t h   of  t h e  

c o n n e c t i n g   a t t e n u a t i o n   p a s s a g e   152  made  about   40m3  and  49  r m ,  

r e s p e c t i v e l y ,   no  o b j e c t i o n a b l e   v i b r a t i o n s   were  o b s e r v e d   at   a  c o n v e n t -  

i ona l   c o n d e n s e r   and /o r   e v a p o r a t o r   s e r v e d   by  the   c o m p r e s s o r .  

In  a d d i t i o n ,   i t   h a s  b e e n   found  t h a t   the   a t t e n u a t i o n   b o r e s  

154(F) ,   154 (R)  which  a l i g n   w i th   each  o t h e r   to  fo rm  the   pas sage   152 

i n t e r c o n n e c t i n g   the  a t t e n u a t i o n   chambers  148  and  150  can  be  made  t o  

c o n t r i b u t e   s i g n i f i c a n t l y   in  s i m p l i f y i n g   the   m a n u f a c t u r e   of  the   two 

c y l i n d e r   b l o c k s   12  and  16  by  p e r m i t t i n g   t h e i r   p r o c e s s i n g   as  s e p a r a t e  

p i e c e s   on  an  assembly  l i n e   r a t h e r   than  p e r f e c t i n g   m a r r i a g e   b e t w e e n  

two  p a r t i c u l a r   c y l i n d e r   b l o c k s   and  h a v i n g   to  then   p r o c e s s   both  on  down 



t h e  l i n e .   This   i s   a c c o m p l i s h e d   by  f i r s t   l o c a t i n g   and  b o r i n g   the  b o r e  

154  (F),  154  (R)  in  e a c h   c y l i n d e r   b l o c k   on  the   assembly  l i n e   and  t h e n  

l o c a t i n g   o f f   t h i s   bore  a t   t h e   v a r i o u s   work  s t a t i o n s ,   such  as  wi th   a  

l o c a t o r   p in ,   fo r   a l l   f u r t h e r   p r o c e s s i n g   of  t h i s   p a r t .   As  a  r e s u l t ,  

i t   i s   p o s s i b l e   to  a c c u r a t e l y   l o c a t e   a n d  t h e n   machine  the  c y l i n d e r   a n d  

s h a f t   bores   and  o t h e r   c r i t i c a l   d e t a i l s   in  each  c y l i n d e r   b lock  p i e c e  

wi th   au toma t i c   equipment   so  t h a t   they   have  t he   r e q u i r e d   c l o s e   a l i g n -  

ment  wi th   t h e i r   c o u n t e r - p a r t  ( s )   or   o t h e r   a s s o c i a t e d   s t r u c t u r a l   d e t a i l s   i n  .  

any other   c y l i n d e r   b lock   p i e c e .   T h i s   a c c u r a t e   c y l i n d e r   b lock   a l i g n m e n t  

is   then  p o s i t i v e l y   e s t a b l i s h e d   and  m a i n t a i n e d   a t   f i n a l   assembly  by  t w o  

of  the  s ix   b o l t s   31  d e s i g n a t e d   as  31 (A),  and  31(B)  which  are  l o c a t e d  

g e n e r a l l y   o p p o s i t e   each  o t h e r   r e l a t i v e  t o   the   compressor   c e n t e r l i n e .  

The  two  b o l t s   31 (A)  and  31 (B)  a r e   the   only  b o l t s   t h a t   are  r e q u i r e d   t o  

f i t ,   and  c l o s e l y   so,  wi th   ma tch ing   h o l e s   158  (F),  158(R)  and  159  (F) ,  

159 (R)  t h a t   are  a c c u r a t e l y   l o c a t e d   o f f   the   r e s p e c t i v e   l o c a t o r   b o r e s  

154 (F) ,   154 (R)  and  bored   in  i n t e r n a l   b o s s e s   i n   the  r e s p e c t i v e   c y l i n d e r  

b locks   12  and  16  (see  F i g u r e s   2,   3  and  1 6 ) .  

The  compressor   has  no  o i l   l u b r i c a t i n g   pump  mechanism  a s  

such  and  i n s t e a d   has  a  p a s s i v e   l u b r i c a t i o n   system  which  s e p a r a t e s   o u t  

and  s t r a t e g i c a l l y   dep loys   the   o i l   e n t r a i n e d   in  the  e n t e r i n g   r e f r i g e r a n t  

to  l u b r i c a t e   a l l   of  the   c o m p r e s s o r ' s   i n t e r n a l   s l i d i n g   and  b e a r i n g  

s u r f a c e s .   The  l u b r i c a t i o n   sys tem  u t i l i z e s   t he   r e f r i g e r a n t   p a s s a g e  
90  a n d  p a r t i c u l a r l y   the  e x t e r n a l   s i d e s   91(F) ,  92  (F) ,  and  91(R) ,  92  (R) 

of  the  two  upper  c y l i n d e r   w a l l s   32  (A)  and  32  (B)  in  each  c y l i n d e r   b l o c k  

whose  hea t   o p e r a t e s   t o   s e p a r a t e   the   o i l   t h a t   is   e n t r a i n e d   in  the  r e -  

f r i g e r a n t ,   w i th   the   o i l   then  d r a i n i n g   down  i n t o   the  r e s p e c t i v e   v a l l e y s  

160(F) ,   160(R)  formed  by  t h e s e   w a l l s   (see  F i g u r e s   2,  3,  8  and  1 6 ) .  

The  r e s p e c t i v e   v a l l e y s   160 (F),  160 (R)  are  dammed  at  t h e i r   o u t b o a r d  

end  in  the  r e s p e c t i v e   c y l i n d e r   b l o c k s   by  the  r e s p e c t i v e   f r o n t   a n d  

r e a r   va lve   d i sk s   23  and  27  bu t   would  n o r m a l l y   be  open  at  t h e i r   o p p o -  

s i t e   or  i nboa rd   end  to  the   c e n t r a l   c a v i t y   35  in  which  the  swash  p l a t e  

41  r o t a t e s .   However,  a   dam  162  (F) ,  162  (R)  is   formed  i n t e g r a l   wi th   t h e  

t w o   upper  c y l i n d e r   w a l l s   32 (A)  and  32 (B)  in  each  c y l i n d e r   b lock   a c r o s s  

the  r e s p e c t i v e   v a l l e y   160 (F) ,  160 (R)  a t   i t s   i nboa rd   end  so  as  to  f o r m  

an  o i l   ca t ch   b a s i n   164  (F)  and  164  (R)  in  the   r e s p e c t i v e   f r o n t   and  r e a r  



c y l i n d e r   b l o c k   t h a t   i s   e l e v a t e d   d i r e c t l y   above  the   r e s p e c t i v e   f r o n t  

and  r e a r   j o u r n a l   b e a r i n g   50 (F) :  and  50 (R)  when  the  compressor   i s  

mounted  in  i t s   normal   p o s i t i o n   or  any  p o s i t i o n   r o t a t e d   in  e i t h e r  

d i r e c t i o n   t h e r e f r a n   in  a  range  o f  ±   450  about   the  compressor   c e n t e r l i n e .  

The  o i l   ca t ch   b a s i n s   164 (F) ,  164 (R)  are  c o n n e c t e d   to  d r a i n   to  t h e  

r e s p e c t i v e   j o u r n a l   b e a r i n g s   50 (F) ,  50 (R)  by  a  v e r t i c a l   p a s s a g e   166 (F) , 

166 (R)  r e s p e c t i v e l y ,   t h e s e   o i l   p a s s a g e s   be ing   formed  by  a  v e r t i c a l  

r a d i a l   g roove   168  (F) ,  168  (R)  in  the   o u t b o a r d   face   o f   the   r e s p e c t i v e  

c y l i n d e r   b l o c k s   12,  16  such  t h a t   the   o i l   i s   p e r m i t t e d   to  d r a i n  

s t r a i g h t   down  a long  the   i n b o a r d   s i de   of  the   r e s p e c t i v e   va lve   d i sks   2 3 ,  

27  and  i n t o   the   r e s p e c t i v e   s h a f t  a c c o m m o d a t i n g   bo re s   54,  56  a n d  

thence   d i r e c t l y   to  the   o u t b o a r d   end  of  the   r e s p e c t i v e   j o u r n a l   b e a r i n g s  

5 0  ( F ) ,  5 0 ( R ) .  

T h u s ,   o i l  i s   caught   in  the   o i l   ca tch   b a s i n s   164(F) ,   164 (R) 

dur ing   c o m p r e s s o r   o p e r a t i o n   and  i s   d e l i v e r e d   d u r i n g   c o n t i n u e d   o p e r a t i o n   f i r s t  
to  the  r e s p e c t i v e   j o u r n a l   b e a r i n g s   50 (F),  50 (R)  and  t hence   d e l i v e r e d  
i n b o a r d   t h r o u g h   the   r e s p e c t i v e   b o r e s   54,  56  and  a long  the  d r i v e   s h a f t  

49  to  the   t h r u s t   b e a r i n g s   52  (F) ,  52  (R)  from  which  such  o i l   is  e v e n t -  

u a l l y   f lung   ou tward   t h e r e t h r o u g h   and  onto   the  o p p o s i t e   s i d e s   of  t h e  

swash  p l a t e   41  to   l u b r i c a t e   the  b a l l   and  s l i p p e r   d r i v e   c o n n e c t i o n s   w i t h  

the   p i s t o n s   36.  F u r t h e r m o r e ,   the   o i l   ca t ch   b a s i n s   164 (F) ,  164 (R)  a l s o  

se rve   to  r e t a i n   a  p o r t i o n   of  the   o i l   caught   t h e r e i n   d u r i n g   c o m p r e s s o r  

o p e r a t i o n   f o r   use  a f t e r   each  i n t e r m i t t e n t   s top   as  n o r m a l l y   occurs   i n  

the   o p e r a t i o n   of  the   compresso r   i n  v e h i c l e   use  so  t h a t   o i l   is   i m m e d i a -  

t e l y   a v a i l a b l e   to  be  d e l i v e r e d   to  the   b e a r i n g s   in  the  same  s e q u e n c e  

each  t ime  c o m p r e s s o r   o p e r a t i o n   is   r e s t a r t e d .   Thus,  c o n t i n u o u s   o i l  

w e t t i n g   of  a l l   the   b e a r i n g s   i s   a s s u r e d   d u r i n g   i n t e r m i t t e n t   c o m p r e s s o r  

o p e r a t i o n .  

As  is   we l l   known,  the   mass  of  the   swash  p l a t e   41  has  t h e  

c h a r a c t e r i  s t i c   of  d y n a m i c a l l y   b a l a n c i n g   the   r e c i p r o c a t i o n   of  t h e  

p i s t o n s   d u r i n g   r o t a t i o n   of  the   swash  p l a t e .   F u r t h e r m o r e ,   the   l e n g t h  

of  the  d o u b l e - e n d e d   p i s t o n s   36  has  the   c h a r a c t e r i s t i c   of  d e l i m i t i n g  

t h e   minimum  l e n g t h   of  the   compres so r   and  thus   the   compac tness   t h e r o f .  

Normal ly ,   a  commerc ia l   c o m p r e s s o r   of  the   swash  p l a t e   type  has  p i s t o n  

h e a d s  w i t h   a x i a l l y   e x t e n d i n g   s l e d   r u n n e r s   fo r   t a k i n g   the   s i de   l o a d s  



which  r e s u l t   f r a n   the   p i s t o n ' s   f o r c e d   d i r e c t i o n s   of  movement  by  t h e  

c y l i n d e r   bores   whi le   t h e  c o n v e n t i o n a l  r i n g s  m o u n t e d  t h e r e  o n  s e r v e   to  s e a l  

r a t h e r   than  bear   any  s u b s t a n t i a l   p o r t i o n   of  the   s ide   l o a d i n g .   Such  

s led  runner s   not   only  c o n t r i b u t e   t o   the  w e i g h t   of  the   p i s t o n s   and  t o  

the  l eng th   of  t h e   p i s t o n s   a n d  c y l i n d e r s ,   t h e y   a l so   s u b s t a n t i a l l y   l i m i t  

the  a b i l i t y   of  the  p i s t o n s   to  t i l t   to  accommodate  any  m i s a l i g n m e n t  

between  the  c y l i n d e r   b o r e s .   To  r e d u c e  t h e   mass   r e q u i r e d   of  the   s w a s h  

p l a t e   41  and  a l so   min imize   the  c r i t i c a l i t y   of  a x i a l   a l i g n m e n t   of   t h e  

c y l i n d e r   b o r e s ,   the  heads   38 (F),   3 8 ( R )   of  t h e   p i s t o n s   36  are  made 

e x t r e m e l y  s h o r t   and  w i t h o u t  s l e d   r u n n e r s   and  are  p r o v i d e d   wi th   a  d i a -  

m e t r i c a l   d i m e n s i o n   l e s s   than   the  d i a m e t r i c a l   d imens ion   of  t h e i r  

c y l i n d e r   bores   34 (F),  3 4   (R)  to   p r o v i d e   a  space  t h e r e b e t w e e n   e n a b l i n g  

the  s e a l - s u p p o r t   r i n g   40  between  each  p i s t o n   head  and  i t s   r e s p e c t i v e  

bore  to  be  made  s u f f i c i e n t l y   t h i c k   for   i t   to  p r o v i d e   f u l l   r a d i a l  

suppor t   of  the  p i s t o n   head  w i t h i n   i t s   c y l i n d e r   bore  as  wel l   as  s e a l i n g  

w i t h   the  meta l   of  the  p i s t o n   head,   which  is  thus   n o t  a l l o w e d   to  t o u c h  

the  meta l   of  i t s   r e s p e c t i v e   c y l i n d e r   bore   t h r o u g h o u t   i t s   r e c i p r o c a t i o n  

t h e r e i n   (see  F i g u r e s   1  and  14 -16 ) .   Each  p i s t o n   head  38 (F),  38 (R)  i s  

p rov ided   wi th   a  s u f f i c i e n t l y   s h o r t   l o n g i t u d i n a l   or  a x i a l   d i m e n s i o n  

along  i t s   bore  to  p r o d u c e   a  s u f f i c i e n t   c i r c u m s c r i b i n g   a r e a   on  t h e  

p i s t o n   head  in  j u x t a p o s i t i o n   wi th   the   bore   to  pe rmi t   the   wear  r e s i s -  

tance   of  the   s e a l - s u p p o r t   r i n g s   40  to  a p p r o x i m a t e   the  l i f e   o f   t h e  

compressor ,   whi le   the  we igh t   of  the   p i s t o n   head  is  r e d u c e d .   I n  

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

t h e i r   b r i dge   39  to  hold   the  p i s t o n   heads  t o g e t h e r   d u r i n g  r e c i p r o -  

c a t i o n   so  t h a t   the  we igh t   of  the   p i s t o n   is   f u r t h e r   r educed .   W i t h  

such  p i s t o n   weight   r e d u c t i o n ,   the   mass  of  t he   swash  p l a t e   41  is   t h e n  

reduced  by  t h i n n i n g   t h e r e o f   in  p r o p o r t i o n   to   such  r e d u c t i o n   in  t h e  

p i s t o n   whi le   s t i l l   p r o v i d i n g   dynamic  b a l a n c i n g   t h e r o f .   The  a b o v e  

d imens iona l   r e d u c t i o n s   in  t u r n   a l low  compac t ing   of  the   c o m p r e s s o r  

o u t l i n e   in  the  l o n g i t u d i n a l   o r   a x i a l   d i r e c t i o n .   For  example,   in  a n  

a c t u a l   c o n s t r u c t i o n   of  the  compres so r   d i s c l o s e d   h e r e i n   (not  i n c l u d i n g  

c lu tch)   having   a  t o t a l   d i s p l a c e m e n t   of  about   164  cm3,  i t   was  found  t h a t  

i t s   b a r r e l   d i ame te r   and  l e n g t h   could   be  made  as  smal l   as  about  117  mm 

and  160  mm  r e s p e c t i v e l y   and  i t s   w e i g h t   as  l i t t l e   as  about  3.6  k g .  



The  p i s t o n s '   s o l i d   s e a l - s u p p o r t   r i n g s   4 0  a r e   made  of  a  

s l i p p e r y   ( t h a t   i s ,  l o w - f r i c t i o n )   m a t e r i a l   such  as  p o l y t e t r a f l u o r e t h y l e n e ,  

and  are  each  mounted  in  a  c i r c u m f e r e n t i a l   groove  170(F) ,   170 (R)  in   t h e  

r e s p e c t i v e   p i s t o n   head  3 8 ( F ) ,   38(R)  of  each  p i s t o n   36.  The  p i s t o n  

s e a l - s u p p o r t   r i n g s   40  are  p r o v i d e d   w i th   a  nominal   u n s t r e s s e d   t h i c k n e s s  

dimension  s l i g h t l y   g r e a t e r   than   the   w id th   of  the   r a d i a l   space  b e t w e e n  

the  p i s t o n   head  and  i t s   r e s p e c t i v e   bo re ,   and  are  p r o v i d e d   wi th   a  n o m i -  

na l   u n s t r e s s e d   l o n g i t u d i n a l   ( a x i a l )   d imens ion   s l i g h t l y   l e s s   than  t h e  

l o n g i t u d i n a l   ( ax ia l )   d imens ion   of  the   p i s t o n   head.   The  two  l a n d s  

172 (F),  174  (F)  and  172 (R),  174  (R)  on  each.  of  the  r e s p e c t i v e   p i s t o n  

heads  38 (F),   38 (R)  t h a t   are  on  o p p o s i t e   s i d e s   of  the   s e a l - s u p p o r t   r i n g  

40  are  e x t r e m e l y   t h i n   as  p e r m i t t e d   by  t h e i r   r e l i e f   from  s ide   l o a d i n g ,  

and  thus   each  of  the   p i s t o n s   36  i s  f r e e   to   t i l t   or  angle  s l i g h t l y   w i t h  

r e s p e c t   to   the   p a i r e d - c y l i n d e r   bo re s   t h e r e f o r .   This  r educes   s i g n i f i -  

c a n t l y   t he   c r i t i c a l i t y   of  the   a x i a l   a l i gnmen t   of  t h e s e   bo res   a n d  

t h e r e b y  i n c r e a s e s   s u b s t a n t i a l l y   t h e i r   m a n u f a c t u r i n g   t o l e r a n c e ,   f u r t h e r  

e n a b l i n g   i n d i v i d u a l   b a r i n g   of  t h e   f r o n t   and  r e a r   c y l i n d e r   b locks   r a t h e r  

than  as  an  assembled   p a i r .  

With  the  p i s t o n s   36  thus   c o m p l e t e l y   s u p p o r t e d   in  t h e i r   b o r e s  

by  the  s o l i d   ( n o n - s p l i t )   s e a l - s u p p o r t   r i n g s   40,  i t   has  been  found  t h a t  

w i thou t   f u r t h e r   p r o v i s i o n   as  h e r e i n   d i s c l o s e d   the  p i s t o n s   may  t h e n  

move  a x i a l l y   and  r a d i a l l y   r e l a t i v e   to  t h e i r   r i n g s   and  a l so   in  a  b a c k  

and  f o r f t h  r o l l i n g   sense   about   the   p i s t o n ' s   c e n t e r l i n e .   As  to  the  r e -  

l a t i v e   a x i a l   movement,  t h i s   r e s u l t s   from  end  p lay   between  the   r i ng   a n d  

i t s   groove  which  cannot   n o r m a l l y   be  avo ided   e x c e p t   by  s e l e c t i v e   f i t  

because   of  m a n u f a c t u r i n g   t o l e r a n c e s .   As  to  the  r e l a t i v e   r a d i a l   move-  

ment,  t h i s   r e s u l t s   from  the   d r i v e   engagement   between  the  p i s t o n s   a n d  

the  swash  p l a t e .   As  to  the   r e l a t i v e   r o l l i n g   movement,  t h i s   r e s u l t s  

f ran   the  c l e a r a n c e   between  the   b r i d g e   39  of  the   p i s t o n s   and  the  p e r i -  

phery  of  t he   swash  p l a t e   41  as  can  be  seen  in  F i g u r e s   1  and  3 .  



This  r e l a t i v e   p i s t o n   groove  and  s e a l - s u p p o r t   r i n g   movement  o r  

rubbing   can  wear  the  r i n g   groove  d e e p e r ,   t h e r e b y   a d v e r s e l y   a f f e c t i n g  

s e a l i n g ,   as  we l l   as  wear  the  f l a t   a n n u l a r   face   o f   the   groove  s h o u l d e r s  

at   t h e  p i s t o n   head  l ands   172  and  174,  t h e r e b y   a d v e r s e l y   a f f e c t i n g   r i n g  

r e t e n t i o n   and  thus   aga in   s e a l i n g .   Such  problems  are  p o s i t i v e l y  

a v o i d e d   by  m a n u f a c t u r i n g   (as  by  c u t t i n g )   the  r i n g s   40  in  the  s h a p e  

o f  a   s l i g h t l y   concave  washer   as  shown  in  F i g u r e s   14  and  15  and  to  a  

c e r t a i n   s i z e   in  r e l a t i o n   to  the   d i a m e t e r   of  the   c y l i n d e r   bores   and  t h e  
of the piston ring grooves,  and by forming radially outwardly bot tom  of  the   p i s t o n   r i n g   g r o o v e s ,   and  by  forming  r a d i a l l y   o u t w a r d l y  

e x t e n d i n g   p r o j e c t i o n s   on  the  bot tom  of  the  r i ng   g rooves   t h a t   w i l l  

then  p o s i t i v e l y   i n t e r f e r e   w i th   r e l a t i v e   r i n g   and  p i s t o n   movement  i n  

both  the  l o n g i t u d i n a l   aid  r o l l   d i r e c t i o n .   As  to  the   f o r m a t i o n   of  s u i t -  

ab le   p r o j e c t i o n s   on  the   bot tom  of  the  r i ng   g r o o v e ,  t h i s   is  a c c o m p l i s h e d  

by  s imply  k n u r l i n g   or  s t e n c i l l i n g   t h e  b o t t o m   of  each  groove  170  so  a s  

to  form  a  s e r i e s   of  r a i s e d   X's   o r   c r o s s b a r s   176  spaced  t h e r e a b o u t   w i t h  

the  r a i s e d  b a r s   or  r i d g e s   of  each  a t   o p p o s i t e   ang les   to  the  p i s t o n s  

l o n g i t u d i n a l   d i r e c t i o n   or  o e n t e r l i n e .   The  i nne r   d i a m e t e r   ( I .D.)   o f  

the  r i n g s   4 0  i n   the  a s - m a n u f a c t u r e d - s t a t e   (washer  shape)  is  made 

s u f f i c i e n t l y   smal l   to  pass   w i th   the   concave  s ide   f i r s t   over   the  e n d  

land  172  of  the   p i s t o n   head  wi th   the   r i n g   under   e l a s t i c   s t r e s s   a c r o s s  

s u b s t a n t i a l l y   the  e n t i r e   wid th   t h e r e o f   (see  F i g u r e   14).  This  p r o v i d e s  

each  r i n g   wi th   an  expanded  f i t   over   the  end  land  172  a c ro s s   s u b s t a n t -  

i a l l y   i t s   e n t i r e   w id th ,   a f t e r   which  the  r i n g   c o n t r a c t s   w i t h i n   t h e  

p i s t o n   r i n g   g r o o v e   170,  w i t h  i t s   o p p o s i t e   annu l a r   s i d e s   or  f aces   40 (A) 

and  40 (B)  then   assuming  i n n e r   and  o u t e r   c y l i n d e r i c a l   s u r f a c e s   a n d  

wi th   s u b s t a n t i a l   r a d i a l   p r e s s u r e   e x i s t i n g   between  the  b o t t a n   of  t h e  

p i s t o n   r i n g   groove  170  and  the  oppos ing   i nne r   c y l i n d r i c a l   s ide   or  f a c e  

40 (B)  of  the   r i n g .   With  such  r i n g s   40  thus   assembled   on  a  p i s t o n   3 6 ,  

the  r i n g s   are  then   compressed   r a d i a l l y   i n w a r d l y ,  s u c h   as  by  p a s s i n g  

such  p i s t o n   and  r ing   assembly   t h r o u g h   a  oone,  so  t h a t   t h e i r   o u t e r  

d i ame te r   at   s ide   40 (A)  is   r e d u c e d   to  a  d imens ion   equal   to  or  s l i g h t l y  

l e s s   than  the   d i a m e t e r   of  the   c y l i n d e r   b o r e s   34.  The  p i s t o n   36  w i t h  

the  r i n g s   40  thus   squeezed   t h e r e o n   i s   a ssembled   in  i t s   c y l i n d e r  b o r e s  



34  (F),  34  (R)  b e f o r e   the  memory  of  the   r i n g   m a t e r i a l   causes   the  r i n g s  

to  r e c o v e r   to  t h e i r   o r i g i n a l   t h i c k n e s s .   Then  wi th   t h e i r   memory 

r e c o v e r i n g   in  the  c y l i n d e r   b o r e s ,   the   r i n g s   40  t h e r e b y   expand  to  e f f e c t  

t i g h t   s e a l i n g   engagement   t h e r e w i t h   as  we l l   as  p r e v e n t   r e l a t i v e   r a d i a l  

movement  be tween  the  a n n u l a r   s h o u l d e r s   of  t he   p i s t o n   r i ng   grooves   170  

and  the  a n n u l a r   edges  of  t he   r i n g s   in  s u p p o r t   of  the   p i s t o n   head  i n  

i t s   c y l i n d e r   bore .   In  a d d i t i o n ,   t h i s   p i s t o n   r i n g   g r o o v e  a n d   r i n g  

r e l a t i o n s h i p   and  assembly   in  the   c y l i n d e r   b o r e s   c a u s e s   the  r a i s e d  

p r o j e c t i o n s   176  on  the  bot tom  of  each  p i s t o n   r i n g   groove  170  to  b i t e  

or  e m b e d  i n t o   the   i n n e r   c y l i n d r i c a l   faoe   40 (B)  of  t h e  r i n g s   40  moun ted  

t h e r e o n   under   t he   o o n t r a c t u r a l   f o r c e   of  t he   r i n g   a n d  t h e   r e t a i n e d  

compress ion   t h e r e o f   by  i t s   r e s p e c t i v e   c y l i n d e r   bore .   This  b i t e   o r  

embedment  i s   d e t e r m i n e d   to  a  d e g r e e   s u f f i c i e n t   to   anchor  the  p i s t o n  

a g a i n s t   bo th   r o t a t i o n a l   and  l o n g i t u d i n a l   s l i d i n g   movement  r e l a t i v e  

to  the  r i n g , a s   m a i n t a i n e d   by  the   r a d i a l   c o n t a i n m e n t   of  the   r i ng   by  t h e  

c y l i n d e r   bore   in  which  i t   s l i d e s .   Thus,  t h e  p i s t o n s  3 6   and  t h e i r   r i n g s  
40  are  p o s i t i v e l y   p r e v e n t e d   from  r o t a t i n g   or   s l i d i n g   r e l a t i v e   t o  e a c h  

o t h e r ,   and  t h e r e b y   caus ing   r u b b i n g   wear  t h e r e b e t w e e n ,   fo r   the  l i f e   o f  

t h e   compresso r .   For  example,   in  an  a c t u a l   c o n s t r u c t i o n   of  the  com- 

p r e s s o r   d i s c l o s e d   h e r e i n ,   i t   was  found  t h a t   t he   above  improved  r e s u l t s  

were  o b t a i n e d   wi th   c y l i n d e r   bo res   of  about   38.1  mn  when  the  p i s t o n   r i n g  

groove  bot tom  d i a m e t e r   D170  and  land   d i a m e t e r   D172,  174  w e r e  m a d e  a b o u t  

36.6  mm  and  37 .9  mn,   r e s p e c t i v e l y ,   the   p r o j e c t i o n s   176  were  p r o v i d e d  

wi th   a  h e i g h t   of  0 . 0 5 - 0 . 1 0   mn  max. ,   and  the   s e a l - s u p p o r t   r i n g s   40  i n  

the   p r e - a s s e m b l y   s t a t e   (washer  shape)  were  then   p rov ided   wi th   a  t h i c k -  

ness   of  about   5.8  mm  and  an  i n n e r   and  o u t e r   d i a m e t e r   of  about  28.5  mm 
and  40.1  mm,  r e s p e c t i v e l y .  



1.  A  m u l t i c y l i n d e r   s w a s h   p l a t e   c o m p r e s s o r  

h a v i n g   a  p a i r   of   m e t a l l i c   c y l i n d e r   b l o c k s   (12 ,   16)  w i t h  

t h e   b o r e s   (34)  in   e a c h   b l o c k   n o r m a l l y   a x i a l l y   a l i g n e d  

w i t h   and  s p a c e d   f r o m   t h e   b o r e s   in  t h e   o t h e r   b l o c k ,   a  

p l u r a l i t y . o f   m e t a l l i c   p i s t o n s   (36)  e a c h   f o r m e d   a s  a  

u n i t a r y   d o u b l e - e n d e d   p i s t o n   p a i r   b y  a   b r i d g e   ( 3 9 )  

t h e r e b e t w e e n   and  r e c i p r o c a b l e   in   a  r e s p e c t i v e   a l i g n e d  

p a i r   of  s a i d   b o r e s ,   and  a  s w a s h   p l a t e ( 4 1 )   r o t a t a b l e   a b o u t ,  

an  a x i s   p a r a l l e l   to   t h e   a x e s   o f  s a i d   b o r e s   and  r e l a t i v e l y  

s l i d a b l y   c o n n e c t e d   to   t h e   p i s t o n   p a i r s   a t   t h e i r  b r i d g e  

f o r   r e c i p r o c a t i n g   t h e   p i s t o n s   in   t h e i r   r e s p e c t i v e  b o r e s ,  

w i t h   t h e   m a s s   of  s a i d   s w a s h   p l a t e   h a v i n g   t h e   c h a r a c t e r i s t i c  

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

p a i r   d u r i n g   r o t a t i o n   of   t h e   s w a s h   p l a t e ,   and  t h e   l e n g t h   o f  

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

t h e   m i n i m u m   l e n g t h   of  t h e   c o m p r e s s o r   and  t h u s   t h e  c o m p a c t -  

n e s s   of  t h e   c o m p r e s s o r ,   and  a  s o l i d   s e a l   r i n g   (40)  c a r r i e d  

by  e a c h   s a i d   p i s t o n   to   p r o v i d e   a  s e a l   b e t w e e n   t h e   p i s t o n  

and  t h e   r e s p e c t i v e   b o r e ,   c h a r a c t e r i z e d   in   t h a t   a  p i s t o n  

h e a d   (38)  on  e a c h   p i s t o n   h a s   a  d i a m e t r a l   d i m e n s i o n   l e s s   t h a n  

t h e   d i a m e t r a l   d i m e n s i o n   of  i t s   r e s p e c t i v e   b o r e   (34)  t o  

p r o v i d e   a  s u b s t a n t i a l   a n n u l a r   s p a c e   t h e r e b e t w e e n ,   e a c h  

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

c o m p r i s e s   a  s o l i d   s e a l - s u p p o r t   r i n g   (40)  s u f f i c i e n t l y  

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

m e t a l   of  i t s   r e s p e c t i v e   b o r e   t h r o u g h o u t   i t s   r e c i p r o c a t i o n  

in  t h e   b o r e ,   e a c h   s a i d   p i s t o n   h e a d   h a s   a  s u f f i c i e n t l y  

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

t o   p r o d u c e   a  s u f f i c i e n t   c i r c u m s c r i b i n g   a r e a   on  s a i d   p i s t o n  

h e a d   in   j u x t a p o s i t i o n   w i t h   i t s   r e s p e c t i v e   b o r e   to   p e r m i t  

t h e   w e a r   r e s i s t a n c e   of  t h e   s e a l - s u p p o r t   r i n g   t h e r e b e t w e e n  

to   a p p r o x i m a t e   t h e   l i f e   of  t h e   c o m p r e s s o r ,   so  r e d u c i n g   t h e  

l e n g t h   and  w e i g h t   of  s a i d   p i s t o n   h e a d   and  t h e r e b y   t h e  

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

p a i r   h a s   e s s e n t i a l l y   o n l y   s u f f i c i e n t   b r i d g e   m a t e r i a l   t o  

h o l d  i t s   p i s t o n   h e a d s   t o g e t h e r   d u r i n g   r e c i p r o c a t i o n   s o  



t h a t   t h e   w e i g h t   of   s a i d   p i s t o n   p a i r s   and   t h u s   o f  t h e  

c o m p r e s s o r   i s   e v e n   f u r t h e r   r e d u c e d ,   t h e   m a s s   o f   s a i d  

s w a s h   p l a t e   i s   r e d u c e d   i n   p r o p o r t i o n   t o   t h e   r e d u c e d  

w e i g h t   of   s a i d   p i s t o n   p a i r s   w h i l e   s t i l l   p r o v i d i n g  

d y n a m i c   b a l a n c i n g   of   t h e   p i s t o n   p a i r s ,   s a i d   s e a l - s u p p o r t  

r i n g   i s   of   p o l y t e t r a f l u o r e t h y l e n e   or   o t h e r   l o w - f r i c t i o n  

m a t e r i a l   and   h a s   a  t h i c k n e s s   d i m e n s i o n   a t   l e a s t   as  g r e a t  

as  t h e   w i d t h  o f   t h e   s p a c e   b e t w e e n   t h e   p i s t o n   h e a d   a n d  

i t s  r e s p e c t i v e   b o r e   a n d   a  l o n g i t u d i n a l   d i m e n s i o n   s u b s t a n t i a l l y  
e q u a l   t o   t h e   l o n g i t u d n a l   d i m e n s i o n   of   t h e   p i s t o n  h e a d   s o  

t h a t   t h e   a x i s   of   s a i d   p i s t o n   h e a d   may  a n g l e   s l i g h t l y   w i t h  

r e s p e c t   t o   t h e   a x i s   o f   i t s   b o r e   w h e r e b y   t o   r e d u c e   s i g n -  

i f i c a n t l y   t h e ' c r i t i c a l i t y   of   t h e   a x i a l   a l i g n m e n t   o f   b o t h   b o r e s  

so  t h a t   t h e   c y l i n d e r   b l o c k s   may  be  b o r e d i n d i v i d u a l l y  

r a t h e r   t h a n   as  a s s e m b l e d   p a i r s .  

2 .  A   m u l t i c y l i n d e r   s w a s h  p l a t e   c o m p r e s s o r  

a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i z e d  i n   t h a t   e a c h   o f   t h e  

s e a l - s u p p o r t   r i n g s   (40)  i s   m o u n t e d   i n   a  r e s p e c t i v e  

c i r c u m f e r e n t i a l   g r o o v e   (170)   in   t h e   r e s p e c t i v e   p i s t o n   h e a d  

( 3 8 ) , a n d   t h a t   e a c h  o f   t h e   s e a l - s u p p o r t  r i n g s   h a s   a  t h i c k -  

n e s s   d i m e n s i o n   s u b s t a n t i a l l y   g r e a t e r   t h a n   t h e   w i d t h   of   t h e  

s p a c e   b e t w e e n   t h e   p i s t o n   h e a d   a n d   i t s   r e s p e c t i v e   b o r e  

( 3 4 ) ,   and   h a s   a  l o n g i t u d i n a l   d i m e n s i o n   s l i g h t l y   l e s s   t h a n  

t h e   l o n g i t u d i n a l   d i m e n s i o n   of   t h e   p i s t o n   h e a d .  

3.  A  m u l t i c y l i n d e r   s w a s h   p l a t e   c o m p r e s s o r  

a c c o r d i n g   t o   c l a i m   1  o r   2,  c h a r a c t e r i z e d   in   t h a t   e a c h   o f  

t h e   s e a l - s u p p o r t   r i n g s ( 4 0 )   i s   m o u n t e d   i n   a  r e s p e c t i v e  

c i r c u m f e r e n t i a l   g r o o v e   (170)   i n   t h e   r e s p e c t i v e   p i s t o n  

h e a d   (38)  d e f i n e d   on  o p p o s i t e   s i d e s   by  p i s t o n   l a n d s  

( 1 7 2 ,   174)  e a c h   h a v i n g   a  l o n g i t u d i n a l   d i m e n s i o n   s u b s t a n t -  

i a l l y   l e s s   t h a n   t h a t   of   s a i d   g r o o v e ,   and   t h a t   s a i d   s e a l -  

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

p i s t o n   h e a d   a t   s a i d   p i s t o n   l a n d s   n o t   t o   t o u c h   t h e   m e t a l  

o f   i t s   r e s p e c t i v e   b o r e   t h r o u g h o u t   i t s   r e c i p r o c a t i o n   i n  

t h e   b o r e ,   and   a r e   d i m e n s i o n e d   s u c h   t h a t   t h e  a x i s   of  s a i d  

p i s t o n   h e a d   may  a n g l e   s l l i g h t l y   w i t h   r e s p e c t   t o   t h e   a x i s  



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

and  t h e   b o r e .  
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