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©  A  rotary  vane  machine. 

A  rotary  vane  machine  having  vanes  with  a  three  compo- 
nent  wear  resistant  material.  The  matrix  is  a  fluorocarbon 
polymer,  e.g.  PTFE.  Furthermore,  there  are  hard  phases 
whose  hardness  deviates  less  than  20%from  that  of the  coun- 
terface.  Glass or carbon  is  preferable against steel  orcast iron. 
Furthermore  an  inorganic  solid  lubricant  has  been  added  to 
the  wear  resistant  material.  Lead  and  lead  oxides  are  particu- 
larly  good. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  r o t a r y   vane   m a c h i n e  

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

f r e e   c o m p r e s s i b l e   w o r k i n g   m e d i u m ,   e . g .   c o m p r e s s e d   a i r ,  

at  h igh   s p e e d s .  

A  c o n s i d e r a b l e   amoun t   of  e x p e r i m e n t s   has  b e e n   made  d u r -  

ing  s e v e r a l   d e c a d e s   in  o r d e r   to  f i n d   out   how  a  vane   m a -  

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

l u b r i c a t i o n   o v e r   a  s u b s t a n t i a l   p e r i o d   of  t i m e .   So  f a r   no  

s o l u t i o n   has  been   found   h a v i n g   a  s e r v i c e   l i f e   d i r e c t l y  

c o m p a r a b l e   w i t h   the   s e r v i c e   l i f e   of  o i l   l u b r i c a t e d   m a c h -  

i n e s  .   In  US  p a t e n t   3  335  944  i t   has  been   s u g g e s t e d   to  u s e  

a  vane  m a t e r i a l   c o n s i s t i n g   of  a  m i x t u r e   of  p o l y t e t r a f l u o r o -  

e t h y l e n e   and  g r o u n d   g l a s s .  

The  main   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   has  been   to  f i n d  

a  m a t e r i a l   c o m b i n a t i o n   w h i c h   is  s u f f i c i e n t l y   h a r d   to  m a k e  

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

a re   b r o k e n   away  from  the   v a n e s .   S i n c e   a  w o r k i n g   m e d i u m  

which   is  b e l i e v e d   to  be  dry   and  o i l - f r e e   o f t e n   c o n t a i n s  

s m a l l   a m o u n t s   of  m o i s t u r e   and  o i l ,   the   vane  m a c h i n e   a c c o r d -  

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

u n d e r   t h e s e   c i r c u m s t a n c e s   w i t h o u t   any  s e r i o u s   e f f e c t s   o n  

the  s e r v i c e   l i f e .  

As  m e n t i o n e d   above   n o b o d y   has  found   a  s u i t a b l e   m a t e r i a l   c o m -  
b i n a t i o n   f o r   the   v a n e s   of  a  r o t a r y   vane  m a c h i n e   b e f o r e   t h e  

p r e s e n t   i n v e n t i o n   was  made ,   in  s p i t e   of  a l l   the   e f f o r t s  

t h a t   have   been   made  d u r i n g   s e v e r a l   d e c a d e s .   One  i m p o r t a n t  

p r o b l e m   has  been   the  h i g h   s l i d i n g   s p e e d s   wh ich   o f t e n   e x i s t  

b e t w e e n   the   v a n e s   and  the  c y l i n d e r   h o u s i n g .   The  s l i d i n g  

speed   can  f o r   i n s t a n c e   be  up  to  and  even  above   20  m / s e c .  

in  a  r o t a r y   vane   m o t o r   f o r   a  h a n d - h e l d   g r i n d e r .   S i n c e   t h e  



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

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

p r o x i m a t i v e l y   p r o p o r t i o n a l   to  the   s q u a r e   of  the   s l i d i n g  

s p e e d   i t   is  o b v i o u s l y   d e s i r a b l e   to  make  the   v a n e s   a s  

l i g h t   as  p o s s i b l e   in  o r d e r   to  c o u n t e r a c t   t he   e f f e c t   o f  

h i g h   s l i d i n g   s p e e d s .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   a  r o t a r y   vane   m a c h i n e  

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

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

in  s e a l i n g   c o n t a c t   w i t h   the   c y l i n d e r   h o u s i n g ,   of  a  w e a r  

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

h a v i n g   a  h a r d n e s s   on  the   V i c k e r s   s c a l e   d e v i a t i n g   l e s s  

t h a n   20  Z  f rom  the   h a r d n e s s   of  the   c y l i n d e r ,   and  an  i n -  

o r g a n i c   s o l i d   l u b r i c a n t .  

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

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

e n e - p r o p y l e n e ,   or  p o l y   f l u o r   a l k o x y   r e s i n .  

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

b e t w e e n   5  and  30 %  by  v o l u m e   of  h a r d   p h a s e s .   G l a s s   o r  

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

ly  c o u l d   be  in  fo rm  of  p a r t i c l e s   of  f i b r e s .   The  f i b r e s  

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

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

f rom  a  g r o u p   of  m a t e r i a l s   w h i c h   do  no t   r e a c t   c h e m i c a l l y  

w i t h   the   c o o p e r a t i n g   c y l i n d e r   m a t e r i a l .   P a r t i c u l a r l y  

good  p e r f o r m a n c e   has  been   o b t a i n e d   w i t h   l e a d   or  l e a d  

o x i d e s   as  s o l i d   l u b r i c a n t   in  the   wear   r e s i s t a n t   m a t e r i a l  

when  t he   c y l i n d e r   is  made  of  s t e e l   or  c a s t   i r o n .   I t   i s  

r e a s o n a b l e   to  s u p p o s e ,   o u t g o i n g   f rom  t h e s e   f i n d i n g s ,  

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



b e c a u s e   no  s i g n i f i c a n t   d i f f e r e n c e   in  p e r f o r m a n c e   h a s  

b e e n   f o u n d   b e t w e e n   n o n - o x i d i s e d   l e a d   m e t a l ,   s e m i - o x i -  

d i s e d   l e a d   m e t a l   and  l e a d   o x i d e .  

In  b e a r i n g   t e c h n o l o g y   l e a d   and  t i n   a r e   r e c o m m e n d e d  

b e c a u s e   t h e y   a re   s o f t   and  d u c t i l e   m e t a l s .   H o w e v e r ,   t h e s e  

r e c o m m e n d a t i o n s   c a n n o t   be  a p p l i e d   in  t he   p r e s e n t   c a s e  

b e c a u s e   the   a d d i t i o n   of  t i n   to  a  m i x t u r e   of  p o l y t e t r a -  

f l u o r o e t h y l e n e   and  g l a s s   s e r i o u s l y   i m p a i r s   the  p e r f o r m -  

a n c e .   The  wear   r a t e   is  a b o u t   t h r e e   t i m e s   as  h i g h   w i t h  

10  %  by  v o l u m e   of  t i n   in  the   m a t e r i a l   t h a n   w i t h o u t .   As 

m e n t i o n e d   above   l e a d   does   no t   have   to  be  in  i t s   m e t a l  

f o r m .   F u r t h e r m o r e ,   as  m e n t i o n e d   a b o v e ,   i t   is  d e s i r a b l e  

to  make  the   v a n e s   as  l i g h t   as  p o s s i b l e .   The  a d d i t i o n   o f  

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

i d e a .   I t   i s ,   t h e r e f o r e ,   q u i t e   s u r p r i s i n g   t h a t   the   a d d i -  

t i o n   of  l e a d   d e c r e a s e s   the   wear   r a t e   of  t he   v a n e s .  

I m p r o v e m e n t s   by  a b o u t   a  f a c t o r   t en   have   b e e n   o b s e r v e d  

in  h i g h   s p e e d   t e s t s   w i t h   l e a d   or  l e a d   o x i d e   as  s o l i d  

l u b r i c a n t .   T e s t s   have   shown  t h a t   the   wea r   r a t e s   o b t a i n e d  

w i t h   the   i n v e n t i o n ,   u n d e r   dry  and  o i l - f r e e   c o n d i t i o n s ,  

a re   as  low  as  the   wear   r a t e s   o b t a i n e d   w i t h   c o n v e n t i o n a l  

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

F i g .   1  is  a  l o n g i t u d i n a l   s e c t i o n   t h r o u g h   an  a i r   m o t o r  

a c c o r d i n g   to  1-1  in  f i g .   2.  F i g .   2  is  a  c r o s s - s e c t i o n  

t h r o u g h   the   m o t o r   a c c o r d i n g   to  2-2  in  f i g .   1.  F i g .   3 

shows  the   wear   r a t e s   o b t a i n e d   in  a  s e r i e s   of  t e s t s   w i t h  

d i f f e r e n t   a m o u n t s   of  l e a d .   F i g .   4  shows  the   wea r   r a t e  

as  a  f u n c t i o n   of  the   amoun t   of  l e a d .  

The  a i r   m o t o r   shown  in  f i g s .   1  and  2  c o m p r i s e s   a 

c y l i n d e r   h o u s i n g   11  p r o v i d e d   w i t h   two  end  p l a t e s   13.  A 

r o t o r   16  h a v i n g   an  o u t g o i n g   s h a f t   12  is  e c c e n t r i c a l l y  



j o u r n a l l e d   r e l a t i v e   to  c y l i n d e r   11  in  t he   end  p l a t e s  

13  by  means   of  b e a r i n g s   14.  The  r o t o r   is  f u r t h e r   p r o v i d e d  

w i t h   a  n u m b e r   of  v a n e s   20  w h i c h   a re   m o v a b l e   in  s u b s t a n t i a l -  

ly  r a d i a l   s l o t s   19.  S u b s t a n t i a l l y   r a d i a l   in  t h i s   c o n -  

t e x t   means   t h a t   the   s l o t s   may  d e v i a t e   f r o m   the   r a d i a l  

d i r e c t i o n   w i t h   up  to  30° .   The  h o u s i n g   is  p r o v i d e d  

w i t h   an  i n l e t   p o r t   30  f o r   c o m p r e s s e d   a i r   and  o u t l e t  

p o r t s   3 1 .  

F i g .   3  shows  the   wea r   r a t e s   o b t a i n e d   w i t h   d i f f e r e n t   a m o u n t s  

of  s e m i - o x i d i s e d   l e a d   m e t a l .   T h e s e   t e s t s   have   b e e n   m a d e  

w i t h   an  a i r   m o t o r   o p e r a t i n g   u n l o a d e d   at   10000  r p m ,  

c o r r e s p o n d i n g   to  a  s l i d i n g   s p e e d   of  20  m / s e c .   The  r a t i o  

of  g l a s s   f i b r e ,   cu t   i n t o   s h o r t   p i e c e s ,   to  p o l y t e t r a -  

f l u o r o e t h y l e n e   (PTFE)  has  b e e n   k e p t   k o n s t a n t   a t   one  t o  

t h r e e .   A l l   a m o u n t s   a r e   g i v e n   in  p e r c e n t   by  v o l u m e   ( v / o ) .  

In  f i g .   4  t he   wear   r a t e s   in  p m / h r   a r e   shown  as  a  f u n c t i o n  

of  the   a m o u n t   of  l e a d .   The  wea r   r a t e   o b t a i n e d   w i t h o u t   l e a d  

is  t he   w e a r   r a t e   o b t a i n a b l e   w i t h   t he   c o m b i n a t i o n   of  m a t e -  

r i a l s   d i s c l o s e d   in  the  above   m e n t i o n e d   U .S .   p a t e n t  

3  335  944 .   The  wea r   r a t e   o b t a i n e d   w i t h   one  p e r c e n t   o f  

l e a d   (18  p m / h r )   has  b e e n   d e l e t e d   when  f i g .   4  was  p l o t t e d  

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

v a l u e   in  t h a t   p o s i t i o n .   Th i s   v a l u e   is  p r o b a b l y   w r o n g  
and  no  e f f o r t s   have   been   made  to  o b t a i n   t he   c o r r e c t   v a l u e  

s i n c e   i t   is  n o t ,   f rom  a  p r a c t i c a l   p o i n t   of  v i e w ,   i n t e r -  

e s t i n g   to  know  t h i s   v a l u e   p r e c i s e l y .   As  can  be  s e e n   i n  

f i g s .   3  and  4  the  wear   r e s i s t a n t   m a t e r i a l   s h o u l d   c o n t a i n  

b e t w e e n   5  and  30 %  by  v o l u m e   of  i n o r g a n i c   s o l i d   l u b r i c -  

a n t .   The  wea r   r a t e s   o b t a i n e d   w i t h   f rom  10  to  20  %  b y  

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

i n t e r e s t i n g .   In  a p p l i c a t i o n s   w h e r e   the   demand  f o r   q u i c k  

s p e e d   c h a n g e s   is  p a r t i c u l a r l y   h i g h   an  a m o u n t   of  5 %  w o u l d  

be  v e r y   i n t e r e s t i n g   even   t h o u g h   the  wea r   r a t e   is  c o n s i d e r -  

a b l y   h i g h e r   t h a n   the   o p t i m u m   v a l u e .   H o w e v e r ,   the   w e a r  



r a t e   is  in  t h i s   c a s e   o n l y   a b o u t   50 %  of  the   v a l u e  

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

T e s t s   have   a l s o   been   made,   at  the   a b o v e   m e n t i o n e d  

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

as  the  h a r d   p h a s e   m a t e r i a l .   In  t h e s e   t e s t s   two  v a r i e -  

t i e s   commonly   known  as  t y p e   I  ( h i g h   m o d u l u s ,   m o d e r a t e  

s t r e n g h t )   and  t y p e   II   ( h i g h   s t r e n g t h ,   m o d e r a t e   m o d u l u s )  

were  u s e d .   As  in  the   above   m e n t i o n e d   t e s t s   w i t h   g l a s s  

the  r a t i o   of  c a r b o n   f i b r e s   to  PTFE  was  k e p t   c o n s t a n t  

at  one  to  t h r e e .   T e s t s   were   made  w i t h   up  to  2 0  v / o  

o f  l e a d   w i t h   t he   t ype   II  f i b r e s .   A  wear   r a t e   of  4  p m / h r  

was  o b t a i n e d   w i t h   60  v /o   PTFE,  2 0  v / o   c a r b o n   f i b r e   t y p e   I I  

and  20  v /o   l e a d .   With  a  c o m p o s i t i o n   c o m p r i s i n g   60  v / o  

PTFE,  2 0  v / o   c a r b o n   f i b r e   t ype   I  and  20  v /o   l e a d   a  w e a r  

r a t e   of  1.5  p m / h r   was  o b t a i n e d .   I t   can  be  s e e n   f r o m  

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

w i t h   c a r b o n   f i b r e s   as  h a r d   p h a s e s .   The  b e s t   v a l u e   o b -  

t a i n e d   w i t h   t y p e   I  f i b r e s   is  as  good  as  the   v a l u e   o b -  

t a i n e d   w i t h   g l a s s .  

The  above   d e s c r i p t i o n   g i v e s   e x a m p l e s   o n l y   of  p r e f e r r e d  

a l t e r n a t i v e s   and  must   no t   be  r e g a r d e d   as  l i m i t i n g   t h e  

cope  of  the   i n v e n t i o n   which   is  d e f i n e d   by  the   s u b s e q u e n t  

c l a i m s .   The  m a t r i x   c o u l d   be  a  p h e n o l i c   r e s i n .   In  s o m e  

c a s e s   i t   c o u l d   be  a d v a n t a g e o u s   to  use  g r a p h i t e   o r  

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



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

two  o p p o s i t e   end  p l a t e s ,   i n l e t   and  o u t l e t   means  fo r   a  

c o m p r e s s i b l e   w o r k i n g   medium,   a  r o t o r   e c c e n t r i c a l l y  

j o u r n a l l e d   in  the   c y l i n d e r ,   and  a  n u m b e r   of  v a n e s   s l i d -  

a b l e   in  s u b s t a n t i a l l y   r a d i a l   s l o t s   in  the   r o t o r   t o  

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

a t i o n   of  t he   r o t o r ,   c  h  a  c   r  a  c  t   e  r  i  z  e  d  

t  h  e   r  e  b  y  t h a t   each   vane   a t   l e a s t   a t   the   s u r f a c e  

in  s e a l i n g   c o n t a c t   w i t h   the   c y l i n d e r   is  p r o v i d e d   w i t h  

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

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

on  the   V i c k e r s   s c a l e   d e v i a t i n g   l e s s   t h a n   20  %  f r o m  

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

an  i n o r g a n i c   s o l i d   l u b r i c a n t .  

2.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  c l a i m   1 ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   t  h  e  r  e  b  y   t h a t   t h e  

m a t r i x   is  a  f l u o r o c a r b o n   p o l y m e r .  

3.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  c l a i m   1  or  2 ,  

c . h   a  r  a  c  t   e  r  i  z  e  d   t  h  e   r  e  b  y  t h a t   t h e  

w e a r   r e s i s t a n t   m a t e r i a l   c o n t a i n s   b e t w e e n   5  and  30 %  b y  

v o l u m e   of  h a r d   p h a s e s .  

4.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  c l a i m   1,  2  o r  

3,  c h a r a c t e r i z e d   t  h  e  r  e  b  y   t h a t  

s a i d   h a r d   p h a s e s   c o m p r i s e   g l a s s   or  c a r b o n .  

5.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  any  of  the   p r e -  
c e d i n g   c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   t  h  e   r  e  -  
b  y  t h a t   t he   h a r d   p h a s e s   a r e   in   f o r m   of  f i b r e s   w h i c h   a r e  

s y s t e m a t i c a l l y   o r i e n t e d   to  i n c r e a s e   vane   s t i f f n e s s .  



6.  A  r o t a r y   vane  m a c h i n e   a c c o r d i n g   to  c l a i m   5 ,  

c h a r a c t e r i z e d   t  h  e  r  e  b  y   t h a t  

the   f i b r e s   a r e   w o v e n .  

7.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  any  of  t h e  

p r e c e d i n g   c l a i m s ,   c  h  a  r  a  c   t  e   r  i  z  e  d   t  h  e -  

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

f rom  a  g r o u p   of  m a t e r i a l s   w h i c h   do  no t   r e a c t   c h e m i c a l l y  

w i t h   the  c o o p e r a t i n g   c y l i n d e r   m a t e r i a l .  

8.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  c l a i m   7 ,  

c  h  a  r  a  c   t  e   r  i  z  e  d   t  h  e   r  e  b  y  t h a t   the   i n -  

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

and  t h a t   the   c o o p e r a t i n g   s u r f a c e   of  the   c y l i n d e r   is  o f  

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

9.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  any  of  t h e  

p r e c e d i n g   c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   t  h  e   r  e -  

b  y  t h a t   the   wea r   r e s i s t a n t   m a t e r i a l   c o n t a i n s   b e t w e e n  

5  and  30  b y   v o l u m e   of  i n o r g a n i c   s o l i d   l u b r i c a n t .  

10.  A  r o t a r y   vane   m a c h i n e   a c c o r d i n g   to  c l a i m   9 ,  

c h a r a c t e r i z e d   t h e r e b y   t h a t   t h e  

wear   r e s i s t a n t   m a t e r i a l   c o n t a i n s   f rom  10  to  20  % 

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