
urn 

Europaisches  Pa tentamt  

European  Patent  Office  ©  Publication  number:  0  0 2 2   1 0 3  
Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  80850087.0  ©  Int.  CI.3:  F  01  C  2 1 / 0 8  

^   F  01  C  1/34 
(22)  Date  of  filing:  10.06.80 

©Priority:  15.06.79  SE  790S286  ©Applicant:  Institut  Cerac  S.A. 
Chemin  des  Larges  Pieces 
CH-1024  Ecublens(CH) 

©  Date  of  publication  of  application: 
07.01.81  Bulletin  81'1  ©  Inventor:  Cooper,  George  Anthony 

©  Designated  Contracting  States:  CH-1111  Gollion(CH) 
BE  DE  FR  GB  IT  NL 

©  Inventor:  Berlie,  Jacques 

CH-1181  Bursins(CH) 

©  Representative:  Grundf  elt,  Gunnar  et  al, 
t  o  Atlas  Copco  Aktiebolag  Patent  Department 
S-105  23  StockhoIm(SE) 

(©  A  rotary  vane  machine. 

A  rotary  vane  machine  having  vanes  comprising  two 
layers  of  glass fibre  reinforced  PTFE  at  a  distance  from  each 
other  and  an  intermediate  layer  containing  an  inorganic  solid 
lubricant,  e.g.  lead. 



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  machine  p a r t i c u l a r l y  

s u i t a b l e   for  o p e r a t i o n   with  a  dry  and  o i l - f r e e   c o m p r e s s i b l e   work ing  

medium,  e .g.   compressed  a i r ,   at  high  s p e e d s .  

A  c o n s i d e r a b l e   amount  of  e x p e r i m e n t s   has  been  made  dur ing   s e v e r a l  

decades  in  order   to  f ind  out  how  a  vane  machine  should  be  d e s i g n e d  

in  order   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   over  a  s u b s t a n t i a l  

per iod   of  time.  So  far   no  s o l u t i o n   has  been  found  having  a  s e r v i c e  

l i f e   d i r e c t l y   comparable   with  the  s e r v i c e   l i f e   of  oi l   l u b r i c a t e d  

machines .   In  U.S.  p a t e n t   3  335  944  it  has  been  sugges ted   to  use  a 

vane  m a t e r i a l   c o n s i s t i n g   of  a  mix tu re   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  ground  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  c r e a t e   a  r o t a r y  

vane  machine  having  vanes  being  s u f f i c i e n t l y   hard  to  make  them  wear  

r e s i s t a n t   w i thou t   being  b r i t t l e   so  t h a t   p ieces   are  broken  away  f rom 

the  vanes  dur ing   o p e r a t i o n   of  the  machine.   At  the  same  time  the  v a n e s  

should  be  l i g h t   and  s t i f f   and  capab le   of  o p e r a t i o n   at  high  s l i d i n g  

speeds ,   e .g.   up  to  and  even  above  20  m/sec.   for  a  hand-he ld   g r i n d e r .  

According  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  machine  is  c r e a t e d  

in  which  the  s u b s t a n t i a l l y   r a d i a l l y   movable  vanes  comprise  at  l e a s t  

two  r e i n f o r c e d   l aye r s   at  a  d i s t a n c e   from  each  other  and  a  f u r t h e r  

layer   between  sa id   two  r e i n f o r c e d   l a y e r s ,   said  f u r t h e r   l ayer   com- 

p r i s i n g   an  i n o r g a n i c   s o l i d   l u b r i c a n t   at  l e a s t   at  the  s u r f a c e   i n  

s e a l i n g   con tac t   with  the  c y l i n d e r .  

Some  embodiments  of  the  i n v e n t i o n   are  d e s c r i b e d   below  with  r e f e r e n c e  



to  the  accompanying   drawings  in  which  Fig  1  shows  a  s e c t i o n   t h r o u g h  

a  vane  motor  a c c o r d i n g   to  1-1  in  Fig  2.  Fig  2  shows  a  s e c t i o n   a c c o r d -  

ing  to  2-2  in  Fig  1.  Fig  3  shows  a  s e c t i o n   through  one  embodiment  o f  

a  vane  for   use  in  a  r o t a r y   vane  machine  a cco rd ing   to  the  i n v e n t i o n .  

Fig  4  shows  a  s e c t i o n   th rough   a  second  embodiment  of  a  vane.   Fig  5 

shows  a  s e c t i o n   th rough  a  t h i r d   embodiment  of  a  vane.  Fig  6  shows  a 

s e c t i o n   t h rough   a  f o u r t h   embodiment  of  a  vane.   Fig  7  shows  s c h e m a t i c -  

a l l y   the  making  of  a  r e i n f o r c e d   l a y e r   c o n t a i n i n g   an  i n o r g a n i c   s o l i d  

l u b r i c a n t .   Fig  8  shows  s c h e m a t i c a l l y   the  p r o d u c t i o n   of  l amina t ed   v a n e s .  

The  vane  motor   shown  in  Figs  1  and  2  compr ises   a  c y l i n d e r   hous ing  11 

p r o v i d e d   wi th   two  end  p l a t e s   13.  A  r o t o r   16  having  an  ou tgo ing   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 . 1 1   in  the  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 rov ided   w i t h  

a  number  of  vanes  20  which  are  movable  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  

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  that   the  s l o t s   may 

d e v i a t e   from  the  r a d i a l   d i r e c t i o n   with  up  to  30°.  The  hous ing  is  p r o -  

vided  wi th   an  i n l e t   por t   30  for   compressed  air   and  o u t l e t   po r t s   31.  

The  vane  shown  in  Fig  3  compr i s e s   two  l aye r s   31,  34  being  r e i n f o r c e d  

by  woven  g l a s s   f i b r e   mats  35.  These  l a y e r s ,   which  are  s i t u a t e d   at  a  

d i s t a n c e   from  each  o the r   in  o r d e r   to  i n c r e a s e   the  s t i f f n e s s   of  t h e  

vane,   have  been  o b t a i n e d   by  i m p r e g n a t i o n   of  the  g lass   f i b r e   mats  w i t h  

PTFE.  The  vane  f u r t h e r m o r e   compr i se s   a  f u r t h e r   l ayer   or  core  33  which  

compr i ses   an  i n o r g a n i c   s o l i d   l u b r i c a n t ,   p r e f e r a b l y   lead  or  lead  o x i d e .  

F u r t h e r m o r e ,   the  core  compr i ses   g l a s s ,   which  could  be  in  form  of  powder 

or  f i b r e   c u t t i n g s ,   as  hard  phases   in  o rder   to  make  the  vane  wear  r e s i s t  

an t .   The  core  33  f u r t h e r m o r e   compr i ses   a  m a t r i x   of  PTFE  in  which  t h e  

hard  phases   and  the  i n o r g a n i c   s o l i d   l u b r i c a n t   are  embedded.  The  l a y e r  

34,  which  is  p r e s s e d   a g a i n s t   the  r o t o r   dur ing   o p e r a t i o n   of  the  m o t o r ,  

c o n t a i n s   g r a p h i t e   in  o rde r   to  reduce   the  f r i c t i o n   between  the  vane  and 

the  r o t o r .   The  two  r e i n f o r c e d   l a y e r s   31,  34  are  bonded  to  the  core  33 

by  means  of  two  th in   f o i l s   32  of  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   polymer 

or  poly  f l u o r - a l k o x y   polymer .   During  o p e r a t i o n   s u r f a c e   91  c o n t a c t s   t h e  

c y l i n d e r   11 .  

In  the  embodiment  shown  in  Fig  4  the  core  or  f u r t h e r   l aye r   40  has  been  

reduced  so  t ha t   i t   only  o c c u p i e s   a  r a t h e r   small  r eg ion   near   the  s u r f a c e  



in  s l i d i n g   c o n t a c t   with  the  c y l i n d e r   11.  This  vane  comprises   a  number 

of  r e i n f o r c e d   l ayers   36,  38  of  which  the  l a t t e r   i n c o r p o r a t e s   g r a p h i t e .  

These  l aye r s   compr i s ing   r e i n f o r c e m e n t   mats  39  as  in  the  above  d e -  

sc r ibed   embodiment  are  bonded  t o g e t h e r   by  means  of  thin  f o i l s   37  o f  

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   polymer.   The  core  40  is  p r i m a r i l y  

bonded  to  the  ou termost   r e i n f o r c e d   layers   but  also  to  some  ex ten t   t o  

the  l aye r s   f i l l i n g   up  the  space  behind  the  core.  During  o p e r a t i o n   s u r -  

face  92  c o n t a c t s   the  c y l i n d e r   11. 

The  embodiment  shown  in  Fig  5  comprises  a  number  of  r e i n f o r c e d   l a y e r s  
41  each  compr is ing   a  web  of  woven  glass   f i b r e   impregnated   with  PTFE. 

These  l aye r s   are  bonded  t o g e t h e r   by  means  of  thin  f o i l s   42  of  f l u o r -  

ina ted   e t h y l e n e - p r o p y l e n e   polymer.   The  i no rgan ic   so l id   l u b r i c a n t ,  

p r e f e r a b l y   lead  or  lead  ox ide ,   is  i n t roduced   in  the  form  of  a  d i s -  

pe r s ion   on  the  f o i l s   42.  These  are  made  by  cover ing  a  large  sheet   o f  

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   polymer  deeply  with  lead  or  lead  o x i d e  

powder,  and  h e a t i n g   i t   from  below.  The  f o i l   then  s o f t e n s   and  bonds  t o  

the  p a r t i c l e s   in  c o n t a c t   with  the  f o i l .   The  f o i l   is  then  allowed  t o  

cool  and  excess   powder  is  shaken  off .   By  varying  the  t h i cknes s   of  t h e  

f o i l   or  the  s ize   of  the  p a r t i c l e s ,   d i f f e r e n t   c o n c e n t r a t i o n s   of  the  i n -  

organic   s o l i d   l u b r i c a n t   can  be  o b t a i n e d .   Ins tead  of  cover ing  the  whole 

fo i l   42  with  lead  or  lead  oxide  powder  one  could  cover  only  those  p a r t s  
which  are  going  to  be  near  the  su r f ace   in  s l i d i n g   con t ac t   with  t h e  

c y l i n d e r .   In  th i s   case  a  vane  having  f u r t h e r   l ayers   42  provided  w i t h  

regions   44  c o n t a i n i n g   i n o r g a n i c   so l id   l u b r i c a n t   is  ob t a ined .   Such  a 

vane  would  be  l i g h t e r   but  more  compl ica ted   to  manufac tu re .   Dur ing  

o p e r a t i o n   s u r f a c e   93  c o n t a c t s   the  c y l i n d e r   11. 

The  embodiment  shown  in  Fig  6  comprises   a  number  of  l ayers   45  r e i n f o r c e d  

with  webs  46  of  woven  g lass   f i b r e .   In  th is   case  the  l ayers   comprise  a  

mixture   of  PTFE  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 ,   e .g .   lead  or  l e a d  

oxide.   The  l aye r s   45  are  bonded  d i r e c t l y   to  each  o the r .   A l t e r n a t i v e l y  

the  l ayers   45  may  comprise  a  mixture   of  a  pheno l ic   r e s i n   and  an  i n -  

organic   so l id   l u b r i c a n t .   In  tha t   case  the  r e i n f o r c e m e n t   webs  46  may 

comprise  woven  co t ton .   During  o p e r a t i o n   sur face   94  con tac t s   the  c y -  
l i n d e r   11.  

Fig  7  shows  s c h e m a t i c a l l y   one  way  of  producing  a  r e i n f o r c e d   l a y e r  



accord ing   to  any  of  the  above  desc r ibed   embodiments.   A  web  52  o f  

woven  glass   f i b r e   or  carbon  f i b r e ,   or  a  high  s t i f f n e s s   o r g a n i c  

f i b r e ,   e.g.   the  f i b r e   sold  under  the  t rade   mark  "Kevlar"   by  Du  P o n t ,  
is  passed  from  a  spool  51  over  a  number  of  r o l l s   53  through  a  v e s s e l  

47  c o n t a i n i n g   a  water  su spens ion   of  PTFE  and  an  i n o r g a n i c   so l id   l u b -  

r i c a n t ,   e.g.   lead  or  lead  oxide  powder.  For  c e r t a i n   l ayers   the  i n -  

o rgan ic   so l id   l u b r i c a n t   may  be  exc luded .   A  p r o p e l l e r   49  dr iven  by 

motor  50  is  used  in  order  to  obta in   an  even  d i s t r i b u t i o n   of  the  p a r -  
t i c l e s   in  the  su spens ion .   During  i t s   passage   through  the  s u s p e n s i o n  

the  web  52  is  impregnated  with  the  mix ture   of  PTFE  and  the  i n o r g a n i c  

so l id   l u b r i c a n t .   The  impregnated  web  is  then  passed  through  a  d r y i n g  

and  cur ing  oven  54  to  a  t ake-up   spool  55.  

Fig  8  shows  s c h e m a t i c a l l y   the  p r o d u c t i o n   of  laminated  vanes.   S e v e r a l  

l aye r s   57  are  mounted  on  spools   56  in  the  d e s i r e d   order .   The  l a y e r s  

may  be  r e i n f o r c e d   with  woven  glass  f i b r e   or  be  bonding  f o i l s .   The 

l aye r s   57  are  heated  by  a  hot  a i r   p r e h e a t e r   58,  which  d e l i v e r s   a i r  

of  about  300°  C  when  PTFE  is  used  in  the  l a y e r s .   The  layers   57  a r e  

then  pressed   t oge the r   between  a  pa i r   of  hot  r o l l s   59,  the  t e m p e r a t u r e  
of  which  is  about  350°C.  The  laminated  web  is  then  passed  between  a 

pa i r   of  r o l l s   60  for  coo l ing   of  the  l a m i n a t e .   Vanes  64  are  t h e n  

stamped  from  the  web  by  a  stamping  press   61.  The  vanes  64  are  c o l l e c -  

ted  in  a  c o n t a i n e r   63  and  the  waste  m a t e r i a l   taken  up  by  a  t a k e - u p  

spool  62.  This  method  is  p a r t i c u l a r l y   s u i t a b l e   for  the  making  of  v a n e s  

of  the  types  shown  in  Figs  5  and  6. 

The  f u r t h e r   layers   or  cores  33,  40  used  in  the  embodiments  shown  i n  

Figs  3  and  4  are  produced  from  a  mix tu re   of  PTFE  glass   and  an  i n o r g a n i c  

so l id   l u b r i c a n t .   The  mixture   is  then  compacted  and  s i n t e r e d .  

The  above  desc r ibed   and  in  the  drawings  shown  embodiments  of  the  i n -  

v e n t i o n   are  only  to  be  regarded   as  examples  which  may  be  m o d i f i e d  

w i t h i n   the  scope  of  the  subsequent   c l a i m s .  



1.  A  r o t a r y   v a n e   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   ( 1 1 )  

h a v i n g   two  o p p o s i t e   end  p l a t e s   ( 1 3 ) ,   i n l e t   (30)   and  o u t l e t  

means   ( 3 1 )   f o r   a  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 ,   a  r o t o r   ( 1 6 )  

e c c e n t r i c a l l y   j o u r n a l l e d   in  t h e   c y l i n d e r ,   and  a  n u m b e r   o f  

v a n e s   ( 2 0 )   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   ( 1 9 )  

in  t h e   r o t o r   to  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 h e   r o t o r ,   c  h  a  r  a  c   t  e   r  i  z  e  d  

t  h  e   r  e  b  y  t h a t   e a c h   v a n e   (20)   c o m p r i s e s   a t   l e a s t   two  

l a y e r s   ( 3 1 , 3 4 )   at   a  d i s t a n c e   f rom  each   o t h e r   and  c o n t a i n i n g  

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

c a r b o n   f i b r e ,   e a c h   s a i d   vane   (20)   c o m p r i s i n g   a  f u r t h e r  

l a y e r   (33 )   b e t w e e n   s a i d   r e i n f o r c e d   l a y e r s ,   s a i d   f u r t h e r  

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

t he   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   ( 1 1 ) .  

2.  A  r o t a r y   v a n e   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   e a c h   v a n e  

(20)   c o m p r i s e s   a  l a m i n a t e   of  a  number   of  r e i n f o r c e d   l a y e r s  

(41)   b e i n g   s e p a r a t e d   by  n o n - r e i n f o r c e d   l a y e r s   (42)   c o n t a i n i n g  

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

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 ,  

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

(20)  c o m p r i s e s   a  l a m i n a t e   of  a  number   of  r e i n f o r c e d   l a y e r s  

(45)   b e i n g   d i r e c t l y   b o n d e d   to  each   o t h e r   and  c o n t a i n i n g  

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

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  or  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   t h e   i n o r g a n i c  

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

of  t he   s u r f a c e   (92)   in  s e a l i n g   c o n t a c t   w i t h   t he   c y l i n d e r   ( 1 1 ) .  



5.  A  r o t a r y   v a n e   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   t h e   r e i n f o r c e d   l a y e r s   ( 3 1 , 3 4 )   c o m p r i s e   PTFE  r e i n f o r c e d .  

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

6.  A  r o t a r y   v a n e   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   t h e   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  l e a d   o x i d e .  

7.  A  r o t a r y   v a n e   m a c h i n e   a c c o r d i n g   to  c l a i m   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   n o n -  

r e i n f o r c e d   l a y e r s   (42)   a r e   f o i l s   of  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   p o l y m e r .  

8.  A  r o t a r y   v a n e   m a c h i n e   a c c o r d i n g   to  c l a i m   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 he   n o n -  

r e i n f o r c e d   l a y e r s   (42)   a r e   f o i l s   of  p o l y   f l o u o r - a l k o x y  

p o l y m e r .  

9.  A  r o t a r y   v a n e   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   t h e   r e i n f o r c e d   l a y e r s  ( 3 1 , 3 4 )   c o m p r i s e   PTFE  r e i n f o r c e d  

w i t h   c a r b o n   f i b r e .  
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