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©  Variable  capacity  compressor. 
  A  variable  capacity  compressor  (40)  has  an  inclined  plate 
(10)  which  is  rotated  by  a  rotor  (8)  attached  to  a  drive  shaft 
(4).  The  rotary  motion  is  converted  by  a  pair  of  shoes  (19) 
which  make  sliding  contact  with  both  faces  of  the  plate  (10) 
into  reciprocating  motion  of  a  piston  (21)  so  that  fluid  may  be 
pumped  from  a  suction  chamber  (27)  into  a  discharge 
chamber  (28).  The  shoes  (19)  have  spherically  curved 
surfaces  which  allow  the  plate  (10)  to  pivot  relatively  to  the 
piston  (21)  and  which  are  arranged  to  be  coincident  with  the 
surface  of  a  notional  common  sphere  of  radius  (R)  so  as  to 
prevent  pivoting  of  the  plate  (10)  from  causing  a  gap  to 
appear  between  the  plate  (10)  and  the  shoes  (19).  A  bellows 
(34)  is  used  to  control  the  pressure  in  a  chamber  (1a)  so  that 
changes  of  pressure  are  used  to  cause  the  plate  (10)  to  pivot 
about  a  pin  (11)  and  thereby  alter  the  stroke  of  the  piston 
(21). 





The  i n v e n t i o n   r e l a t e s   to   an  i n c l i n e d   p l a t e   t y p e  

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

more   p a r t i c u l a r l y   to   one   h a v i n g   v a r i a b l e   c a p a c i t y .  

In  known  c o m p r e s s o r s   w h i c h   c o m p r e s s   f l u i d   b y  

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

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

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

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

p l a t e ,   by  v a r y i n g   t h e   a n g l e   of  i n c l i n a t i o n   of  t h e  

i n c l i n e d   p l a t e .  

The  i n c l i n e d   p l a t e   c o m p r i s e s   a  cam  r o t o r   and  a  

s w a s h   p l a t e .   The  a n g l e   of   t h e   cam  r o t o r ,   w h i c h   i s  

c o n n e c t e d   to   a  r o t a r y   s h a f t ,   c a n   be  v a r i e d   a n d ,   s i n c e  

t h e   s w a s h   p l a t e   moves   w i t h   t h e   m o t i o n   of  t h e   c a m  

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

v a r i e s   w i t h   t he   c h a n g e   in  a n g l e   of  t h e   cam  r o t o r .  

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

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

t h e   v a r i a t i o n s   in  t h e   a n g l e   of   i n c l i n a t i o n   of  t h e  

s w a s h   p l a t e .   In  t h i s   m a n n e r ,   t h e   t o t a l   s w e p t   v o l u m e  

of  t h e   c o m p r e s s o r   is   a l t e r e d .  

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

and  cam  r o t o r   s u p p o r t s   and  t h e   b e a r i n g s   n e e d e d   t o  

p e r m i t   v a r i a t i o n s   in  t h e   cam  r o t o r   a n g l e   i s  

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

to  be  p r o v i d e d   in  o r d e r   to   p r e v e n t   r o t a t i o n   of  t h e  

s w a s h   p l a t e .  

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

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

f u n c t i o n   even   when  t h e   a n g l e   of  i n c l i n a t i o n   of  t h e  

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

I n s t e a d ,   i t   has   c o m p r i s e d   a  s l i d e   rod  w h i c h   p r o j e c t s  



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

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

c a s e .   R o t a t i o n   of  t he   s w a s h   p l a t e   i s   p r e v e n t e d   b y  

s l i d i n g   m o t i o n   of  t h e   s l i d e   rod   in  t h e   g u i d e   g r o o v e .  

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

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

f r i c t i o n   c h a n g e s   in  r e s p o n s e   to   t h e   r a n g e   of  m o v e m e n t  

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

s h o u l d   be  t r a n s f e r e d   to   t h e   s w a s h   p l a t e ,   is   n o t  

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

and   h e n c e   v i b r a t i o n   is   p r o d u c e d .  

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 ,   a  

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

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

in  t h e   h o u s i n g ;   an  i n c l i n e d   p l a t e   c o u p l e d   to   t h e  

d r i v e   s h a f t ;   a  p l u r a l i t y   of  p i s t o n s   a r r a n g e d   to   b e  

d r i v e n   r e c i p r o c a b l y   by  r o t a t i o n   of  t he   i n c l i n e d  

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

p l a t e   by  a  c o n n e c t i n g   means   w h i c h   a b u t s   s l i d a b l y  

a g a i n s t   b o t h   f a c e s   of  t h e   i n c l i n e d   p l a t e ;   a  h i n g e  

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

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

i n c l i n a t i o n   of   t he   i n c l i n e d   p l a t e   to   be  v a r i e d   w i t h i n  

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

t h e   p r e s s u r e   in  t he   c h a m b e r ,   t h e   a r r a n g e m e n t   of  t h e  

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

c h a m b e r   p r e s s u r e   f o r c e   t h e   m e c h a n i s m   to   move  and  v a r y  
t h e   a n g l e   of  i n c l i n a t i o n   of  t h e   i n c l i n e d   p l a t e ,   a n d  

w h e r e i n   e a c h   c o n n e c t i n g   means   c o m p r i s e s   a  p a i r   o f  

s l i d i n g   s h o e s ,   e a c h   s h o e   b e i n g   m o u n t e d   in  a  

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

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

t h e   r e s p e c t i v e   f a c e   of  t h e   i n c l i n e d   p l a t e   and  a  

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

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

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

t h e   two  s h o e s   b e i n g   c o i n c i d e n t   w i t h   t h e   s u r f a c e   of  a  



common  n o t i o n a l   s p h e r 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  o f  

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

in   w h i c h ; -  

F i g u r e   1  i s   a  s e c t i o n a l   s i d e   v i ew   of  a  v a r i a b l e  

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

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

i n c l i n a t i o n ;  

F i g u r e   2 :  i s   a  s e c t i o n a l   s i d e   v i e w   s i m i l a r   t o  

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

i t s   s m a l l e s t   a n g l e   of  i n c l i n a t i o n ;  

F i g u r e   3 ( a )   i s   a  s e c t i o n a l   s i d e   v i e w   of  a  

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

i n c l i n e d   p l a t e .  

F i g u r e   3 (b )   i s   a  s e c t i o n a l   s i d e   v i e w   of  t h e  

c o n v e n t i o n a l   c o u p l i n g   m e c h a n i s m   of  F i g u r e   3 ( a )  

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

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

s h o e s   when  t h e   a n g l e   of  i n c l i n a t i o n   of  t h e   i n c l i n e d  

p l a t e   i s   r e d u c e d ;   a n d ,  

F i g u r e   4  i s   a  s e c t i o n a l   s i d e   v i e w   of  a  c o u p l i n g  

m e c h a n i s m   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g u r e   1  s h o w s   an  e x a m p l e   of  a  v a r i a b l e  

c a p a c i t y   c o m p r e s s o r   40  w h i c h   has   a  c a s i n g   1  c o v e r e d  

a t   one   end   by  a  f r o n t   h o u s i n g   3  and  a t   t h e   o t h e r   e n d  

by  a  v a l v e   p l a t e   24  and  a  c y l i n d e r   h e a d   26.   A 

c y l i n d e r   b l o c k   2  i s   m o u n t e d   i n s i d e   t h e   o t h e r   end  o f  

t h e   c a s i n g   1  and  has   a  c y l i n d e r   b o r e   2a .   A  h o l e   3 a  

i s   f o r m e d   in  t h e   c e n t r e   of  t h e   f r o n t   h o u s i n g   3  t o  

a l l o w   a  d r i v e   s h a f t   4  to   p a s s   t h r o u g h .   A  r a d i a l  

b e a r i n g   5  i s   d i s p o s e d   in  h o l e   3a  to  s u p p o r t   r o t a t a b l y  

t h e   d r i v e   s h a f t   4 .  

A  s l e e v e   3b  e x t e n d s . f r o m   t h e   o u t e r   w a l l   of  t h e  

f r o n t   h o u s i n g   3  and  s u r r o u n d s   t h e   d r i v e   s h a f t   4.  A 

m e c h a n i c a l   s e a l   7  i s   p o s i t i o n e d   in  a  s e a l   c h a m b e r   6 

f o r m e d   b e t w e e n   t he   o u t e r   s u r f a c e   of  t h e   d r i v e   s h a f t   4 

and  t h e   i n n e r   w a l l   of  t h e   s l e e v e   3b.   A  c h a m b e r   la   i s  



f o r m e d   b e t w e e n   t h e   i n n e r   w a l l   of  t h e   f r o n t   h o u s i n g   3 

and   an  end  s u r f a c e   of  t h e   c y l i n d e r   b l o c k   2.  A  r o t o r  

8  i s   m o u n t e d   on  t h e   d r i v e   s h a f t   4  in  t h e   c h a m b e r   l a ,  

and  has   an  e a r - s h a p e d   p o r t i o n   8a  w h i c h   i s   f o r m e d   i n  

t h e   e a r - s h a p e   by  an  end  of  t h e   r o t o r   8  b e i n g   b e n t  

t o w a r d s   t h e   d r i v e   s h a f t   4.  An  e l o n g a t e   h o l e   8b  i s  

f o r m e d   in  t h e   e a r - s h a p e d   p o r t i o n   8 a .  

A  s p h e r i c a l   s u r f a c e   b u s h   9  i s   d i s p o s e d   on  t h e  

d r i v e   s h a f t   4  a t   a  d i s t a n c e   a l o n g   f rom  t h e   r o t o r   8  s o  

t h a t   t h e   s p h e r i c a l   s u r f a c e   b u s h   9  can   s l i d e   a l o n g   t h e  

d r i v e   s h a f t   4.  A  d i s k - s h a p e d   i n c l i n e d   p l a t e   10  i s  

p i v o t a b l y   m o u n t e d   on  t h e   s p h e r i c a l   s u r f a c e   b u s h   9  a n d  

i s   a t t a c h e d   to   an  e a r - s h a p e d   p o r t i o n   10a  l o c a t e d  

a d j a c e n t   t o   t h e   e a r - s h a p e d   p o r t i o n   8a  and  h a v i n g   a  

h o l e   10b  in  a l i g n m e n t   w i t h   t h e   e l o n g a t e   h o l e   8b ,   a  

p i n   11  b e i n g   i n s e r t e d   t h r o u g h   b o t h   t h e   e l o n g a t e   h o l e  

8b  and  t h e   h o l e   lOb  w i t h   t h e   p i n   11  b e i n g   a b l e   t o  

s l i d e   w i t h i n   t h e   e l o n g a t e   h o l e   8b.   A  h i n g e   m e c h a n i s m  

w h i c h   c o u p l e s   t h e   i n c l i n e d   p l a t e   10  to   t h e   d r i v e  

s h a f t   4  t h u s   c o m p r i s e s   t h e   f o l l o w i n g   c o m p o n e n t s :   t h e  

e l o n g a t e   h o l e   8b  in  t h e   e a r - s h a p e d   p o r t i o n   8a  of   t h e  

r o t o r   8,  t h e   h o l e   10b  in  t h e   p o r t i o n   10a  and  t h e   p i n  

11 .   A  s p r i n g   12  i s   m o u n t e d   o v e r   t h e   d r i v e   s h a f t   4 

and   b i a s e s   a p a r t   t h e   r o t o r   8  and   t h e   b u s h   9.  A  p a i r  

of   t h r u s t   r a c e s   13  a r e   f o r m e d   on  t h e   i n n e r   w a l l   o f  

t h e   f r o n t   h o u s i n g   3  and  t h e   o p p o s i n g   s u r f a c e   of  t h e  

r o t o r   8  w i t h   a  t h r u s t   n e e d l e   b e a r i n g   14  p l a c e d  

t h e r e b e t w e e n .  

The  o t h e r   end  of  t h e   d r i v e   s h a f t   4  i s   s u p p o r t e d  

r o t a t a b l y   by  a  r a d i a l   n e e d l e   b e a r i n g   15  m o u n t e d   i n  

t h e   c y l i n d e r   b l o c k   2  and  i s   r e s t r a i n e d   a x i a l l y   by  a  

t h r u s t   n e e d l e   b e a r i n g   16  and  a  p l a t e   17  h e l d   i n  

p o s i t i o n   by  an  a d j u s t i n g   s c r e w   1 8 .  

S l i d i n g   s h o e s   19  e a c h   h a v i n g   a  f l a t   s u r f a c e   a n d  

a  s p h e r i c a l l y   c u r v e d   s u r f a c e   a r e   d i s p o s e d   on  e a c h  

s i d e   of  t h e   i n c l i n e d   p l a t e   10  w i t h   t h e   f l a t   s u r f a c e s  

in  c o n t a c t   w i t h   t h e   p l a t e   10  so  t h a t   i t   can  s l i d e  



b e t w e e n   t h e m .   As  shown  in  F i g u r e   1,  t h e   p a i r   o f  

s h o e s   19  a r e   p o s i t i o n e d   so  t h a t   t h e i r   s p h e r i c a l l y  

c u r v e d   s u r f a c e s   fo rm  p a r t   of  t h e   s u r f a c e   of  a  c o m m o n  

s p h e r e   h a v i n g   a  r a d i u s   of  c u r v a t u r e   of  R.  The  c e n t r e  

of  t h e   s p h e r e   d e f i n e d   by  t h e   c u r v e d   s u r f a c e s   i s  

l o c a t e d   in  a  p l a n e   h a l f w a y   b e t w e e n   t h e   two  f a c e s   o f  

t h e   i n c l i n e d   p l a t e   10 ,   i . e .   a t   t h e   m i d d l e   of  t h e  

t h i c k n e s s   of  t h e   i n c l i n e d   p l a t e   10 .   A  p i s t o n   rod  2 0  

h a s   a  f o r k e d   s t r u c t u r e   on  one  of   i t s   ends   w h i c h   i s  

u s e d   to   h o l d   t o g e t h e r   t h e   s l i d i n g   s h o e s   19  and  t h e  

i n c l i n e d   p l a t e   10.   A  p i s t o n   21  i s   d i s p o s e d   on ,   or  a s  

in   t h i s   c a s e   f o r m s   an  i n t e g r a l   e x t e n s i o n   o f ,   t h e  

o t h e r   end  of  t he   p i s t o n   rod   20 ,   and  i s   m o u n t e d  

s l i d a b l y   in  t h e   c y l i n d e r   b o r e   2a .   A  n u m b e r   of  s u c h  

p i s t o n   r o d s / p i s t o n s   and  p a i r s   of   s l i d i n g   s h o e s   a r e  

l o c a t e d   in  t h e   c o m p r e s s o r .  

A  s u c t i o n   h o l e   22  and  a  d i s c h a r g e   h o l e   23  a r e  

f o r m e d   in  t h e   v a l v e   p l a t e   24 .   One  s i d e   of  t he   v a l v e  

p l a t e   24  a b u t s   t h e   c y l i n d e r   b l o c k   2  t h r o u g h   a  g a s k e t  

25;   and   t h e   o t h e r   s i d e   a b u t s   t h e   c y l i n d e r   h e a d   2 6  

t h r o u g h   a  g a s k e t   29 .   A  p a r t i t i o n   26a  d i v i d e s   t h e  

c y l i n d e r   h e a d   26  i n t o   a  s u c t i o n   c h a m b e r   27  and  a  

d i s c h a r g e   c h a m b e r   28.   The  c a s i n g   1  i s   c l o s e d   by  t h e  

v a l v e   p l a t e   24  and  t h e   c y l i n d e r   h e a d   26  w h i c h   a r e  

a t t a c h e d   to   t h e   t o p   of  t h e   c y l i n d e r   b l o c k   2.  A 

s u c t i o n   p o r t   27a  a l l o w s   f l o w   i n t o   t h e   s u c t i o n   c h a m b e r  

27 ,   and   a  d i s c h a r g e   p o r t   28a  a l l o w s   f l o w   ou t   of  t h e  

d i s c h a r g e   c h a m b e r   2 8 .  

A  d u c t   30  f o r m e d   m a i n l y   in  t h e   c y l i n d e r   b l o c k   2 

c o n n e c t s   t h e   s u c t i o n   c h a m b e r   27  w i t h   t he   c h a m b e r   l a  

and   c o m p r i s e s   a  h o l e   30a  w h i c h   p e n e t r a t e s   t h e   v a l v e  

p l a t e   24  and   t h e   g a s k e t s   25  and  29  and  a  c h a m b e r   3 0 b  

f o r m e d   in  t h e   c y l i n d e r   b l o c k   2  i t s e l f   and  w i t h i n  

w h i c h   a  b e l l o w s   34  i s   p o s i t i o n e d .  

A  c o u p l i n g   31 ,   w h i c h   has   a  h o l e   31a  and  a  v a l v e  

s e a t   3 1 b ,   i s   l o c a t e d   in  t h e   c h a m b e r   30b  a t   t h e   e n d  

a d j a c e n t   to   t h e   c h a m b e r   l a .   An  0 - r i n g   32  i s   i n s e r t e d  



b e t w e e n   t h e   c o u p l i n g   31  and  t h e   c y l i n d e r   b l o c k   2  t o  

p r e v e n t   l e a k a g e   of  f l u i d   g a s .   A  p e d e s t a l   33,   w h i c h  

has  h o l e s   33a  on  two  s i d e s   of  i t s   t o p ,   i s   f i x e d   i n  

t h e   c h a m b e r   30b  and  t h e   b e l l o w s   34,   w h i c h   has   a  

n e e d l e   34a  on  i t s   t o p   e n d ,   i s   m o u n t e d   on  t h e   s u r f a c e  

of  t h e   p e d e s t a l   33  and   c o n t a i n s   gas  a t   a  c e r t a i n  

p r e s s u r e .   When  t h e   t o p   end  of  t h e   n e e d l e   34a  i s  

i n s e r t e d   i n t o   t h e   h o l e   3 1 a ,   a  s e a l   is   f o r m e d   b e t w e e n  

t he   n e e d l e   3 4 a  a n d   t h e   v a l v e   s e a t   31b  of  t h e   c o u p l i n g  

3 1 .  

The  o p e r a t i o n   of  t h e   a b o v e - d e s c r i b e d   c o m p r e s s o r  
when  u s e d   in  a  r e f r i g e r a t i o n   c i r c u i t   w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g u r e s   1  and  2 .  

When  r o t a r y   m o t i o n   f r o m   a  d r i v e   s o u r c e   r o t a t e s  

t h e   d r i v e   s h a f t   4,  t h e   i n c l i n e d   p l a t e   p l a t e   10  i s  

a l s o   r o t a t e d   s i n c e   i t   i s   c o n n e c t e d   to   t h e   s h a f t   4 

t h r o u g h   t h e   r o t o r   8  and  t h e   h i n g e   p o r t i o n .   H o w e v e r ,  

t he   r o t a r y   m o t i o n   i s   n o t   t r a n s m i t t e d   to   t h e   p i s t o n  

rod  20  b e c a u s e   t h e   s l i d i n g   s h o e s   19  a l l o w   t h e  

i n c l i n e d   p l a t e   10  to   s l i d e   b e t w e e n   t h e i r   f l a t  

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

p l a t e   10  i s   c o n v e r t e d   o n l y   i n t o   r e c i p r o c a t i n g   m o t i o n  

of  t h e   p i s t o n   21  ( i . e .   m o t i o n   t o w a r d s   t h e   l e f t   a n d  

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

c a u s e s   t h e   f l u i d   to   be  s u c k e d   t h r o u g h   t h e   s u c t i o n  

h o l e   22 ,   c o m p r e s s e d   in  t h e   c y l i n d e r   b o r e   2a  a n d  

d i s c h a r g e d   i n t o   t h e   d i s c h a r g e   c h a m b e r   28  t h r o u g h   t h e  

d i s c h a r g e   h o l e   2 3 .  

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

in  t h e   f o l l o w i n g   m a n n e r .   When  the   l o a d   on  t h e  

r e f r i g e r a t i o n   s y s t e m   r i s e s   a b o v e   i t s   " s u b s t a n t i a l l y  

o f f - l o a d "   c a p a c i t y   ( c o m p r e s s o r   as  in  F i g u r e   2 ) ,   t h e  

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

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

c h a m b e r   27.   A c c o r d i n g l y ,   t h e   p r e s s u r e   in  t h e   c h a m b e r  

30b,   w h i c h   i s   c o n n e c t e d   to   t h e   s u c t i o n   c h a m b e r   2 7 ,  

a l s o   i n c r e a s e s .  



The  gas   in  t h e   b e l l o w s   34  i s   a t   a  p r e s s u r e  
w h i c h   is   a  l i t t l e   h i g h e r   t h a n   t h e   s u c t i o n   p r e s s u r e  

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

t h e   " s u b s t a n t i a l l y   o f f - l o a d "   s y s t e m .   T h e r e f o r e ,   t h e  

r i s e   in  s u c t i o n   p r e s s u r e   c a u s e s   t h e   b e l l o w s   34  t o  

c o n t r a c t   and  t h e   f r e e   end  to   move  t o w a r d s   t h e   r i g h t  

as  shown  in  F i g u r e   1.  The  n e e d l e   34a  moves  away  f r o m  

v a l v e   s e a t   31b  and  t h i s   o p e n s   t h e   h o l e   3 1 a .   T h e  

s u c t i o n   c h a m b e r   27  i s   now  c o n n e c t e d   to   t he   c h a m b e r   l a  

a n d ,   s i n c e   t h e   gas   w h i c h   l e a k s   f rom  t h e   c y l i n d e r  

c h a m b e r s   2a  i n t o   t h e   c h a m b e r   la   d u r i n g   t h e  

c o m p r e s s i o n   s t r o k e s   i s   now  a b l e   to   r e t u r n   to   t h e  

s u c t i o n   c h a m b e r   27,   t h e   p r e s s u r e   in  t h e   c h a m b e r   l a  

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

t h e   s u c t i o n   c h a m b e r   2 7 .  

The  p i s t o n s ,   w h i c h   a r e   e q u i a n g u l a r l y   s p a c e d  

a r o u n d   t h e   p l a t e   10 ,   e x p e r i e n c e   r e a c t i v e   f o r c e s   f r o m  

t h e   gas   b e i n g   c o m p r e s s e d   d u r i n g   t h e   c o m p r e s s i o n  

s t r o k e s   and  t h i s   p r o d u c e s   a  moment   'M1  t e n d i n g   t o  

c a u s e   c l o c k w i s e   r o t a t i o n   of  t h e   p o r t i o n   10a  ( a s  

v i e w e d   in  F i g u r e s   1  and  2)  a b o u t   t h e   p i n   11.   An 

a n t i c l o c k w i s e   moment   M2  i s   p r o d u c e d   by  t h e  

c o m p r e s s i o n   of  t h e   c o i l   s p r i n g   12;  and  a n  

a n t i c l o c k w i s e   moment   M3  i s   p r o d u c e d   by  any  p r e s s u r e  
d i f f e r e n c e   b e t w e e n   t h e   c h a m b e r   la   and  t h e   s u c t i o n  

c h a m b e r   27  a c t i n g   a c r o s s   t h e   p i s t o n s .   T h u s ,   when  t h e  

a p e r t u r e   31a  i s   o p e n   and  no  p r e s s u r e   d i f f e r e n c e  

e x i s t s   b e t w e e n   t h e   c h a m b e r   la   and  t h e   s u c t i o n   c h a m b e r  

27,  o n l y   t h e   moment   M2  i s   o p p o s i n g   t h e   moment   M 1 ,  
The  s p r i n g   r a t e   of  t h e   c o i l   s p r i n g   12  i s   c h o s e n   t o  

r e s u l t   in  Ml  b e i n g   g r e a t e r   t h a n   M2,  and  t h e r e f o r e   t h e  

i n c l i n e d   p l a t e   10  moves   t o w a r d s   t h e   r o t o r   8  and  i s  

r o t a t e d   a b o u t   t h e   p i n   11  of   t h e   h i n g e   c o u p l i n g  

m e c h a n i s m   w i t h   p i n   11  b e i n g   p u s h e d   to  t h e   r a d i a l l y  

o u t e r   end  of   t h e   e l o n g a t e   h o l e   8b  ( i . e .   t h e  

c o m p r e s s o r   b e c o m e s   as  shown  in  F i g u r e   1 ) .   In  t h i s  

way,   t h e   s l a n t   a n g l e   of  t h e   i n c l i n e d   p l a t e   10  i s   s e t  



to   i t s   max imum,   t h e r e b y   m a x i m i z i n g   t h e   s t r o k e   l e n g t h  

of  t h e   p i s t o n s   21  and  c a u s i n g   t h e   c o m p r e s s o r   to  b r i n g  

t h e   r e f r i g e r a t i o n   s y s t e m   up  to   i t s   " o n - l o a d "   c a p a c i t y .  

When  t h e   l o a d   on  t h e   s y s t e m   d e c r e a s e s ,   t h e  

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

t h e   c o m p r e s s o r   i s   now  t o o   l a r g e .   The  p r e s s u r e   in  t h e  

s u c t i o n   c h a m b e r   27  d e c r e a s e s   and  t h e   b e l l o w s   34  m o v e  

to   c l o s e   t h e   h o l e   31a  w i t h   i t s   n e e d l e   3 4 a ,   i . e .   t h e  

b e l l o w s   i s   as  shown  in  F i g u r e   2.  The  p r e s s u r e   in  t h e  

c h a m b e r   la  g r a d u a l l y   r i s e s   as  gas   l e a k s   f rom  t h e  

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

g a p s   b e t w e e n   t h e   p i s t o n s   21  and  t h e   c y l i n d e r   b l o c k   2 

d u r i n g   t h e   c o m p r e s s i o n   s t r o k e s .   As  the   p r e s s u r e  

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

and  t h e   s u c t i o n   c h a m b e r   27  a p p e a r s ,   t h e r e b y  

g e n e r a t i n g   an  i n c r e a s i n g   moment   M3.  T h i s   moment   M3 
i s   o p p o s e d   to   t h e   moment   M1  so  t h a t ,   a t   some  p o i n t ,  

t h e   c o m b i n e d   m a g n i t u d e   of  m o m e n t s   M2  and  M3  e x c e e d s  

t h e   moment  M1.  When  t h i s   o c c u r s ,   a  n e t   moment  in  t h e  

a n t i c l o c k w i s e   d i r e c t i o n   a b o u t   p i n   11  a p p e a r s   a n d  

r o t a t e s   t h e   i n c l i n e d   p l a t e   10  so  t h a t   t he   s l a n t   a n g l e  

of  t h e   i n c l i n e d   p l a t e   10  d e c r e a s e s .   The  s l a n t   a n g l e  

c o n t i n u e s   to  d e c r e a s e   u n t i l   t h e   p i n   11  c o n t a c t s   t h e  

r a d i a l l y   i n n e r   end  of   t h e   e l o n g a t e   h o l e   8b  ( i . e .   t h e  

c o m p r e s s o r   r e t u r n s   to   b e i n g   as  shown  in  F i g u r e   2 ) .  

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

t h e   p i s t o n s   21  in  t h e   c y l i n d e r s   2a  and  h e n c e   t h e  

s w e p t   v o l u m e   of  t h e   c o m p r e s s o r .   S i n c e   i t   i s  

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

p i s t o n s ,   as  t h i s   w o u l d   r e s u l t   in  t h e   f l o w   o f  

r e f r i g e r a n t   gas   and  l u b r i c a t i n g   o i l   a l s o   s t o p p i n g ,  

some  m o v e m e n t   of  t h e   p i s t o n s   s h o u l d   be  m a i n t a i n e d   t o  

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

r e a s o n ,   t h e   l e n g t h   of  t h e   e l o n g a t e   h o l e   8b  is   c h o s e n  

s u c h   t h a t   t he   min imum  s w e p t   v o l u m e   is   b e t w e e n   20  a n d  

30  p e r c e n t   of  t h e   maximum  s w e p t   v o l u m e .  

F i g u r e   3 ( a )   shows   a  c o n v e n t i o n a l   c o u p l i n g  



m e c h a n i s m   f o r   a  p i s t o n   and  an  i n c l i n e d   p l a t e .   T h e  

s l i d i n g   s h o e s   19 '   a r e   h a l f   s p h e r e s   h a v i n g   a  r a d i u s   B 

and  a r e   l o c a t e d   on  r e s p e c t i v e   s i d e s   of  an  i n c l i n e d  

p l a t e   10 '   of   t h i c k n e s s   t ,   t h e   d i s t a n c e   A  b e t w e e n   t h e  

f u r t h e s t   e x t r e m i t i e s   of  t he   s h o e s   b e i n g   d e f i n e d   b y  

t h e   f o l l o w i n g   f o r m u l a   ( 1 ) .  

W h e r e   a  i s   t h e   a n g l e   b e t w e e n   t h e   a x i s   of  t h e   s h a f t   4 '  

and  t h e   b i s e c t i o n   p l a n e   D'  of  t h e   i n c l i n e d   p l a t e   1 0 ' ,  

i . e .   a  i s   t h e   a n g l e   of  i n c l i n a t i o n   of  t h e   i n c l i n e d  

p l a t e   1 0 ' .  

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

i n c l i n a t i o n   of  t h e   i n c l i n e d   p l a t e   is   v a r i e d   a n d ,  

t h e r e f o r e ,   t h e   d i s t a n c e   A  d e f i n e d   in  t h e   f o r m u l a   ( 1 )  

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

a.  The  d i s t a n c e   A  b e t w e e n   t h e   f u r t h e s t   e x t r e m i t i e s  

of  t h e   s h o e s   i s   e q u a l   to   t h e   d i s t a n c e   C  b e t w e e n   t h e  

h o l d i n g   p o r t i o n s   35 '   of   t h e   p i s t o n   rod  20 '   when  t h e  

i n c l i n e d   p l a t e   i s   as  shown  in  F i g u r e   3 ( a ) .   H o w e v e r ,  

t h e   d i s t a n c e   C  i s   f i x e d   and  t h i s   r e s u l t s   in  a  g a p  

b e i n g   p r o d u c e d   b e t w e e n   t h e   s l i d i n g   s h o e s   19 '   and  t h e  

i n c l i n e d   p l a t e   10 '   when  t h e   a n g l e   i s   r e d u c e d   ( s e e  

F i g u r e   3 ( b ) ) ,   t h e r e b y   d i s t u r b i n g   t h e   s m o o t h   m o t i o n   o f  

t h e   p i s t o n   2 1 ' .  

T h i s   c o n t r a s t s   w i t h   t h e   s l i d i n g   s h o e s   19  s h o w n  

in  F i g u r e   4,  w h i c h   a r e   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 .   They   e a c h   h a v e   a  s p h e r i c a l l y   c u r v e d  

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

a g a i n s t   t h e   i n c l i n e d   p l a t e   10.  The  e x t e n t   of  e a c h  

s p h e r i c a l l y   c u r v e d   s u r f a c e   i s   s u c h   t h a t   when  t h e  

s h o e s   19  a r e   l o c a t e d   on  e i t h e r   s i d e   of  t h e   i n c l i n e d  

p l a t e   10 ,   t h e s e   s u r f a c e s   a r e   c o i n c i d e n t   w i t h   t h e  

s u r f a c e   of   an  i m a g i n a r y   common  s p h e r e   of  r a d i u s   R 

c e n t e r e d   a t   a  p o i n t   on  t h e   b i s e c t i o n   p l a n e   D  of  t h e  



i n c l i n e d   p l a t e   10.  T h i s   e n s u r e s   t h a t   t h e   d i s t a n c e  

b e t w e e n   t h e   e x t r e m i t i e s   of  t h e   s h o e s   is   n o t   d e p e n d e n t  

upon   t h e   a n g l e   of  i n c l i n a t i o n   of  t h e   i n c l i n e d   p l a n e .  

T h u s ,   no  gap   is  e v e r   p r o d u c e d   b e t w e e n   t h e   s h o e s   1 9  

and  t h e   i n c l i n e d   p l a t e   10 ,   and  t h i s   r e s u l t s   in  s m o o t h  

o p e r a t i o n   of  t h e   p i s t o n   21  i r r e s p e c t i v e   of  i t s   s w e p t  

v o l u m e .  



1.  A  v a r i a b l e   c a p a c i t y   c o m p r e s s o r   (40)  c o m p r i s i n g  

a  h o u s i n g   ( 1 , 2 , 3 , 2 4 , 2 6 )   h a v i n g   a  c h a m b e r   ( l a ) ;   a  

d r i v e   s h a f t   (4)  s u p p o r t e d   r o t a t a b l y   in  t he   h o u s i n g  

( 1 , 2 , 3 , 2 4 , 2 6 ) ;   an  i n c l i n e d   p l a t e   (10)  c o u p l e d   to   t h e  

d r i v e   s h a f t   ( 4 ) ;   a  p l u r a l i t y   of   p i s t o n s   (21)  a r r a n g e d  

to  be  d r i v e n   r e c i p r o c a b l y   by  r o t a t i o n   of  t h e   i n c l i n e d  

p l a t e   ( 1 0 ) ,   e a c h   p i s t o n   (21)  b e i n g   c o n n e c t e d   to   t h e  

i n c l i n e d   p l a t e   (10)  by  a  c o n n e c t i n g   means   (19)   w h i c h  

a b u t s   s l i d a b l y   a g a i n s t   b o t h   f a c e s   of  t he   i n c l i n e d  

p l a t e   ( 1 0 ) ;   a  h i n g e   m e c h a n i s m   ( 8 , 8 a , 8 b , 1 0 a , 1 0 b , l l )  

f o r   c o u p l i n g   t h e   i n c l i n e d   p l a t e   (10)  to  t h e   d r i v e  

s h a f t   (4)  and  f o r   p e r m i t t i n g   t h e   a n g l e   of  i n c l i n a t i o n  

of  t h e   i n c l i n e d   p l a t e   (10)  to   be  v a r i e d   w i t h i n   a  

p r e d e t e r m i n e d   r a n g e ;   and  a  means   (34)   f o r   c o n t r o l l i n g  

t h e   p r e s s u r e   in  t h e   c h a m b e r   ( l a ) ,   t h e   a r r a n g e m e n t   o f  

t h e   h i n g e   m e c h a n i s m   ( 8 , 8 a , 8 b , 1 0 a , 1 0 b , 1 1 )   b e i n g   s u c h  

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

m e c h a n i s m   to   move  and  v a r y   t h e   a n g l e   of  i n c l i n a t i o n  

of  t h e   i n c l i n e d   p l a t e   ( 1 0 ) ,   and  w h e r e i n   e a c h  

c o n n e c t i n g   m e a n s   (19)  c o m p r i s e s   a  p a i r   of  s l i d i n g  

s h o e s   ( 1 9 ) ,   e a c h   s h o e   (19)  b e i n g   m o u n t e d   in  a  

r e s p e c t i v e   h o l d i n g   p o r t i o n   (35)   o f   t h e   r e s p e c t i v e  

p i s t o n   (21)  and  h a v i n g   a  f i r s t   s u r f a c e   in  s l i d i n g  

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

p l a t e   (10)  and  a  s e c o n d ,   s p h e r i c a l l y   c u r v e d ,   s u r f a c e  

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

t h e   r e s p e c t i v e   h o l d i n g   p o r t i o n   ( 3 5 ) ,   t h e   s e c o n d  

s u r f a c e s   of  t h e   two  s h o e s   (19)  b e i n g   c o i n c i d e n t   w i t h  

t h e   s u r f a c e   of   a  common  n o t i o n a l   s p h e r e .  

2.  A  c o m p r e s s o r   (40)  a c c o r d i n g   to   c l a i m   1,  w h e r e i n  

t h e   c o n t r o l l i n g   means   (34)  i s   a  b e l l o w s   ( 3 4 ) .  

3.  A  c o m p r e s s o r   (40)  a c c o r d i n g   to  c l a i m   1  or  c l a i m  

2,  w h e r e i n   t h e   n o t i o n a l   s p h e r e   has   i t s   c e n t r e   l o c a t e d  



h a l f w a y   b e t w e e n   t h e   two  f a c e s   of  t h e   i n c l i n e d   p l a t e  

( 1 0 ) .  
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