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©  Fiber  reinforced  metal  vanes  for  rotary  compressor. 
(©  A  vane  type  compressor  includes  a  hollow  cylindrical 
housing  member  and  a  rotor  rotatably  mounted  about  a 
longitudinal  axis  within  it.  The  rotor  is  formed  with  a 
generally  radially  extending  slot  for  slidably  receiving  a 
vane.  This  vane  is  formed  generally  in  a  rectangular 
parallelopipedal  slab  shape,  and  has  two  opposite  substan- 
tially  mutually  parallel  side  surfaces  which,  when  the  vane  is 
thus  fitted  to  the  rotor,  extend  in  planes  substantially  radial 
and  substantially  longitudinal  to  the  rotor  and  slide  against 
the  surfaces  of  its  slot.  The  vane  also  has  a  side  edge  portion, 
substantially  perpendicular  to  its  side  surfaces  and  joining 
them,  which,  when  the  vane  is  thus  fitted  to  the  rotor, 
extends  in  a  plane  substantially  circumferential  and  substan- 
tially  longitudinal  of  the  rotor  and  slides  against  the  inner 
surface  of  the  hollow  cylindrical  compressor  housing  mem- 
ber.  The  vane  is  manufactured  from  a  matrix  of  metal 
reinforced  with  short  fiber  material,  with  the  orientation  of 
the  fibers  of  the  reinforcing  short  fiber  material  being 
generally  two  dimensionally  random  and  isotropic  in  planes 
perpendicular  both  to  its  opposite  side  surfaces  and  to  its 
edge  portion  and  substantially  perpendicular  to  the  longitud- 
al  direction  of  the  compression  rotor.  Thereby  both  the 
bending  strength  and  also  the  anti  wear  characteristic  of  the 
vane  are  markedly  improved,  and  the  anti  scuffing  and  anti 
seizure  characteristics  thereof  are  also  enhanced. 
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V A N E   F O R   R O T A R Y   C O M P R E S S O R   M A D E  

O F   M E T A L   R E I N F O R C E D   W I T H   S H O R T  

F I B E R S   T W O   D I M E N S I O N A L I T Y  

I S O T R O P I C A L L Y   R A N D O M L Y   O R I E N T E D  

I N   P L A N E S   P E R P E N D I C U L A R   T O   A X I S  

O F   C O M P R E S S O R  

10 

The  present   invention  re la tes   to  a  vane  lor   a  rotary  type  

c o m p r e s s o r ,   and  more  pa r t i cu la r ly   r e l a t es   to  such  a  c o m p r e s s o r   vane ,  

made  of  a  metal l ic   mater ia l   r e i n f o r c e d   with  short   f iber   m a t e r i a l ,  

which  is  improved  so  as  to  be  outstanding  in  its  s t rength  and  durab i l i ty .  

20 
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As  is  per  se  Known,  a  »u ia i j   —  

vanes  typical ly   is  bas ica l ly   composed   of  a  hollow  right  cy l i nd r i ca l  

m e m b e r   that  def ines   a  c o m p r e s s o r   chamber   with  its  inner  r i g h t  

cy l indr ica l   s u r f a c e   (wh ich   o f ten ,   typically,   may  not  be  c i r c u l a r  

c y l i n d r i c a l ) ,   a  rotor  m e m b e r   that  rota tes   within  said  c y l i n d r i c a l  

c o m p r e s s o r   chamber   about  an  axis  para l le l   to  the  genera tors   t h e r e o f  

(sa id   axis  being  located  e i ther   at  the  axial  center   of  said  c o m p r e s s o r  

chamber ,   or  not,  depending  upon  cons t ruc t iona l   layout)  and  is  f o r m e d  

with  a  p lura l i ty   of  genera l ly   r ad ia l ly   extending  vane  receiving  slots,  and  

0  a  p lura l i ty   of  vanes,  each  one  of  which   is  slidingly  fitted  in  a  one  o f  

said  vane  receiving  slots  with  its  outer   edge  extending  generally  p a r a l l e l  

to  the  g e n e r a t o r s   of  the  inner   cyl indr ica l   su r face   defining  t h e  

c o m p r e s s o r   chamber   and  in  contact   t he rewi th .   As  the  rotor  member   i s  

rota ted  within  the  c o m p r e s s o r   chamber ,   the  vanes  of  course  r o t a t e  

5  along  t he r ewi th ,   and  their   outer   edges,   which  stay  in  contact  with  s a i d  

inner  cy l indr ica l   s u r f a c e   de f in ing   the  c o m p r e s s o r   chamber  by  s a i d  

vanes  sliding  to  and  fro  along  the  rotor   member   vane  receiving  slots  i n  

which  they  are  fitted,  def ine   in  cooperat ion  with  said  cy l ind r i ca l  

s u r f a c e   and  said  rotor  m e m b e r   a  p lura l i ty   of  pumping  chambers   w h i c h  

20  expand  and  contract   in  volume  as  the  rotor  member   and  the  vanes  t h u s  

rotate .   '  In  detail,  cons ider ing   a  one  of  said  pumping  chambers ,   i t  

expands  in  volume  as  it  p a s s e s   a  port ion  of  said  cylindrical  su r face   i n  

which  there   is  formed  an  i n t ake   port ,   and  at  this  time  said  pumping  

25  
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chamber   sucks   a  fluid  which  is  to  be  pumped  and  c o m p r e s s e d   in to  

i t se l f   through  said  in take   port.  Subsequently  said  one  of  said  p u m p i n g  

c h a m b e r s   p a s s e s   away  f rom  said  portion  of  said  cyl indr ical   s u r f a c e  

with  said  in take   port  and  becomes  isolated,  and  next  said  one  of  s a i d  

5  pumping  c h a m b e r s   cont rac t s   in  volume  and  thereby  c o m p r e s s e s   t he  

quantity  of  said  fluid  entrapped  therein.   Finally,   said  one  of  s a id  

pumping  c h a m b e r s   pas ses   to  a  portion  of  said  cyl indrical   s u r f a c e   in  

which  there   is  f o rmed   an  exhaust  port,  and  at  this  time  said  p u m p i n g  

chamber   squ i r t s   the  compres sed   fluid  within  i t se l f   through  said  e x h a u s t  

10  port.  T h e r e b y ,   as  a  whole,  fluid  is  sucked  into  the  c o m p r e s s o r  

through  said  in take  port,  is  compressed ,   and  is  then  expelled  in 

c o m p r e s s e d   form  through  said  exhaust  port;  and  thereby  c o m p r e s s i o n  

action  for  said  fluid  is  ma in t a ined .  

15  During  the  operat ion  of  such  a  vane  type  c o m p r e s s o r ,   each  of  the  

vanes  ro ta tes   at  high  speed  with  its  outer  edge  portion  in  sliding  con tac t  

with  the  c o m p r e s s o r   chamber   inner  cylindrical  su r f ace ,   which  c r e a t e s  

severe   condit ions  of  sliding  fr ict ion;   and  at  the  same  time  said  vane  

slides  to  and  fro  in  the  general ly  radially  direct ion  along  the  vane  

20  receiving  slot  in  the  rotor  member   in  which  it  is  fitted,  and  this  s l id ing  

contact  motion  s imi la r ly   c rea tes   severe   conditions  of  sliding  f r i c t i o n .  

This   means   that  both  the  outer  edges  of  the  vanes  and  also  the  s i d e  

s u r f a c e s   t he r eo f   are  all  subjected  to  high  fr ict ion  operat ional   r e g i m e s ,  

and  are  liable  to  severe   wear.   For  these  reasons,   conventional  d e s i g n  

25  p rac t i ce   has  aimed  at  making  such  vanes  light  in  weight,  and,  with  the  

objective  of  ensuring  the  adequacy  of  the  anti  se izure   c h a r a c t e r i s t i c s ,  



the  anti  s c u l l i n g   c i i amt ic j i suv-o ,   «~  -  —  

the  vanes ,   they  have  been  conventionally  m a n u f a c t u r e d   f rom  a  h igh 

si l icon  type  a luminum  alloy  such  as  the  type  AA  s tandard   A390. 

H o w e v e r ,   such  a luminum  alloy  type  vanes  have  been  decidedly  d e f i c i e n t  

with  r e g a r d   to  anti  wea r   c h a r a c t e r i s t i c s ,   anti  s c u f f i n g   c h a r a c t e r i s t i c s ,  

and  anti  s e i z u r e   c h a r a c t e r i s t i c s ,   especia l ly   in  view  of  the  cons tan t ly  

more   s e v e r e   demands   in  t e rms   of  ope ra t iona l   condit ions  and 

p e r f o r m a n c e   and  also  operat ing  l ife  made  upon  such  a  vane  type  

c o m p r e s s o r ,   and  accordingly   other  solutions  have  been  d e s i r e d .  

I 

In  o r d e r   to  meet  this  problem,  in  J a p a n e s e   Pa ten t   Laying  O p e n  

P u b l i c a t i o n s   Se r i a l   Nos.  58-91141  (1983)  and  5 9 . 3 4 4 %   (1984),   n e i t h e r  

of  which   is  it  intended  hereby  to  admit  as  p r io r   art   to  the  p r e s e n t  

patent  app l ica t ion   except  to  the  extent  in  any  case  r equ i red   by  app l icab le  

5  law,  t he re   was   desc r ibed   a  f iber  r e i n f o r c e d   metal   c o m p r e s s o r   vane,  in  

which   the  main  or  mat r ix   metal  was  an  alloy  of  a luminum  and  the  

r e i n f o r c i n g   m a t e r i a l   was  short   carbon  f iber   m a t e r i a l ,   and  the  concep ts  

w e r e   f u r t h e r   d i scussed   that  in  such  a  c o m p r e s s o r   vane  (a)  the  s h o r t  

carbon  r e i n f o r c i n g   f ibe r s   should  be  or iented  subs t an t i a l ly   randomly  in  

JO  three   d i m e n s i o n s ;   and  (b)  said  short  carbon  r e i n f o r c i n g   f ibe r s   should 

all  be  o r i en ted   substant ia l ly   in  the  same  d i rec t ion ,   said  d i rec t ion   being 

subs t an t i a l l y   p e r p e n d i c u l a r   to  the  s u r f a c e s   of  the  v a n e .  

H o w e v e r ,   in  the  course  of  enhancing  the  p e r f o r m a n c e   of  such 

25  c o m p r e s s o r s   and  making   such  c o m p r e s s o r s   more   and  more   compact,   in  

the  case  of  u t i l iz ing  such  high  silicon  alloy  c o m p r e s s o r   vanes,  or  such 
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f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vanes,   the  p e r f o r m a n c e   has  been  

d i s cove red   to  be  current ly  inadequate   with  r egard   to  anti  w e a r  

c h a r a c t e r i s t i c s   and  anti  scuf f ing   c h a r a c t e r i s t i c s .   Moreover ,   in  m a k i n g  

such  vane  type  c o m p r e s s o r s   more  and  more   compact ,   the  r e q u i r e m e n t  

5  has  a r i s en   for  the  vanes  to  be  made  ex t r eme ly   thin,  and  a  f u r t h e r  

problem  has  developed  with  regard   to  the  bending  s t rength   of  the  vanes .  

In  detail ,   the  outer  edges  and  the  inner  edges  of  the  vanes  act  a s  

f u l c r u m s   with  regard  to  s t r e s s e s   imposed  on  the  vanes,  and  it  i s  

accord ing ly   neces sa ry   that  said  outer  edges  and  said  inner  edges  of  the  

10  vanes  should  be  not  only  supe r io r   with  regard   to  anti  w e a r  

c h a r a c t e r i s t i c s   and  anti  scuf f ing   c h a r a c t e r i s t i c s ,   but  also  should  be  

supe r io r   with  regard  to  bending  s t rength ,   in  o rde r   to  be  able  to  

wi ths tand   the  bending  s t ress   imposed  by  the  rotor   member   and  so  on. 

T h e s e   demands  upon  the  c h a r a c t e r i s t i c s   of  such  vanes  for  vane  type 

15  c o m p r e s s o r s   have  become  exceedingly  severe ,   especially  w h e n  

cons ide red   together  as  a  whole  r a the r   than  each  in  i so l a t i on .  

S U M M A R Y   O F   T H E   I N V E N T I O N  

20  The  inventors  of  the  p resen t   invention  have  considered  the  

var ious   p rob lems   detailed  above  in  the  case  of  a  vane  for  a  vane  type 

c o m p r e s s o r ,   from  the  point  of  view  of  the  des i rab i l i ty   of  i n c r e a s i n g  

the  opera t iona l   p e r f o r m a n c e   of  the  c o m p r e s s o r   while  decreasing  i t s  

size  and  making   it  more  compact  and  light  in  w e i g h t .  

25 
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p rov ide   a  f iber   r e i n f o r c e d   metal   c o m p r e s s o r   vane,  which  avoids  t h e  

p r o b l e m s   detailed  above .  

It  is  a  fu r the r   object  of  the  p resen t   invention  to  provide  such  a  

f ibe r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  is  endowed  w i t h  

s u p e r i o r   f r ic t iona l   wear   r e s i s t a n c e   c h a r a c t e r i s t i c s .  

It  is  a  fu r the r   object  of  the  p resen t   invention  to  provide  such  a  

,  f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  is  endowed  with  s u c h  

s u p e r i o r   f r ic t ional   wear   r e s i s t a n c e   c h a r a c t e r i s t i c s ,   in  pa r t i cu la r   on  i t s  

outer   edge  p o r t i o n .  

It  is  a  fu r the r   object  of  the  p resen t   invention  to  provide  such  a  

5  f iber   r e i n f o r c e d   metal   c o m p r e s s o r   vane,  which  is  endowed  with  s u c h  

s u p e r i o r   f r ic t ional   wear   r e s i s t a n c e   c h a r a c t e r i s t i c s   in  pa r t i cu la r   on  i t s  

side  s u r f a c e   port ions,   and  especial ly   upon  the  parts  of  said  s i d e  

s u r f a c e   port ions  t he reo f   which  slide  in  vane  receiving  grooves  f o r m e d  

in  the  rotor  member   of  the  c o m p r e s s o r .  

It  is  a  fu r the r   object  of  the  present   invention  to  provide  such  a  

f ibe r   r e in fo rced   metal  c o m p r e s s o r   vane,  which  is  endowed  w i t h  

s u p e r i o r   scuf f ing   r e s i s t ance   c h a r a c t e r i s t i c s .  

25  It  is  a  fu r the r   object  of  the  present   invention  to  provide  such  a  

f iber   r e in fo rced   metal  c o m p r e s s o r   vane,  which  is  endowed  with  such  
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* u , , w ^   f i l i n g   l e s i s i ance   c n a r a c t e n s t i c s ,   in  pa r t i cu la r   on  its  o u t e r  
edge  po r t i on .  

It  is  a  fu r ther   object  of  the  p resen t   invention  to  provide  such  a  
5  f iber   r e in fo rced   metal  c o m p r e s s o r   vane,  which  is  endowed  with  s u c h  

super ior   scuff ing   res i s tance   c h a r a c t e r i s t i c s   in  pa r t i cu la r   on  its  s i d e  
su r f ace   portions,   and  especia l ly   upon  the  par ts   of  said  side  s u r f a c e  
port ions  thereof   which  slide  in  vane  receiving  grooves  fo rmed   in  t h e  
rotor  member   of  the  c o m p r e s s o r .  

10 

It  is  a  fu r ther   object  of  the  p resen t   invention  to  provide  such  a  
f iber  re in forced   metal  c o m p r e s s o r   vane,  which  is  endowed  w i t h  
super ior   anti  seizure  c h a r a c t e r i s t i c s .  

5  It  is  a  fur ther   object  of  the  p resen t   invention  to  provide  such  a  
fiber  re inforced   metal  c o m p r e s s o r   vane,  which  is  endowed  with  s u c h  

super ior   anti  seizure  c h a r a c t e r i s t i c s ,   in  pa r t i cu la r   on  its  outer  edge  
po r t i on .  

0  It  is  a  fur ther   object  of  the  p resen t   invention  to  provide  such  a  
f iber  re inforced   metal  c o m p r e s s o r   vane,  which  is  endowed  with  s u c h  

super ior   anti  seizure  c h a r a c t e r i s t i c s   in  pa r t i cu la r   on  its  side  s u r f a c e  

port ions,   especially  upon  the  par ts   of  said  side  sur face   port ions  t h e r e o f  

which  slide  in  vane  receiving  grooves  formed  in  the  rotor  m e m b e r   o f  

J  the  c o m p r e s s o r .  



>  — 

~  «  —  T 

It  is  a  l u r t ne r   oujeci  01  uic  p i c o c m   i«»w»*ww.»  * 

f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  has  pa r t i cu la r ly   good 

bending  s t r e n g t h .  

It  is  a  f u r t he r   object  of  the  p r e sen t   invention  to  provide  such  a  

f ibe r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  has  such  p a r t i c u l a r l y  

good  bending  s t rength   especial ly  at  its  por t ions   which  are  subjected  w i t h  

high  bending  s t r e s s   during  u s e .  

)  It  is  a  yet  fu r the r   object  of  the  p r e s e n t   invention  to  provide  s u c h  

a  f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  allows  for  a  

c o m p r e s s o r   incorpora t ing   it  to  have  good  d u r a b i l i t y .  

It  is  a  yet  f u r the r   object  of  the  p r e s e n t   invention  to  provide  s u c h  

5  a  f ibe r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  allows  t he  

c o m p a c t n e s s   of  a  c o m p r e s s o r   i nco rpora t ing   it  to  be  enhanced .  

It  is  a  yet  fu r the r   object  of  the  p r e s e n t   invention  to  provide  s u c h  

a  f ibe r   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  a l lows  the  pumping  

>0  capaci ty   of  a  c o m p r e s s o r   incorpora t ing   it  to  be  enhanced,  w i thou t  

p a r t i c u l a r l y   requir ing  said  c o m p r e s s o r   to  be  i nc reased   in  size  o r  

w e i g h t .  

It  is  a  yet  fu r ther   object  of  the  p r e sen t   invention  to  provide  such  

25  a  f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane,  which  is  i tself   light  in  

w e i g h t .  
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According  to  the  most  genera l   aspect  of  the  present   inven t ion ,  

these  and  other  objects  are  a t ta ined  by,  for  a  vane  type  c o m p r e s s o r  

compr is ing   a  rotor  rotatably  mounted  about  a  longitudinal  axis  within  a  

hollow  cylindrical  housing  m e m b e r ,   and  fo rmed   with  a  g e n e r a l l y  

5  radially  extending  slot:  a  c o m p r e s s o r   vane,  fo rmed  general ly  in  a  s l a b  

shape,  having  two  opposite  subs tan t ia l ly   mutually  paral lel   side  s u r f a c e s  

for  sliding  against  the  s u r f a c e s   of  said  slot  in  said  rotor,  and  f u r t h e r  

having  an  edge  portion,  subs tan t ia l ly   pe rpend icu la r   to  its  said  s i d e  

s u r f a c e s ,   for  sliding  against   the  inner  su r f ace   of  said  h o l l o w  

10  cyl indrical   compres so r   housing  member ;   said  vane  being  m a n u f a c t u r e d  

from  a  matrix  of  metal  r e i n f o r c e d   with  short  f iber   mater ia l ,   with  the  

or ientat ion  of  the  f ibers   of  said  r e in fo rc ing   short  f iber  mater ia l   be ing  

general ly   two  d imensional ly   random  and  isotropic  in  p l a n e s  

pe rpend icu la r   both  to  said  opposite  side  s u r f a c e s   thereof   and  to  s a i d  

.5  edge  portion  thereof;   or,  according  to  an  a l ternat ive  form  o f  

express ion,   by,  for  a  vane  type  c o m p r e s s o r   compris ing  a  rotor  rotatably  f ,  

mounted  about  a  longitudinal  axis  within  a  hollow  cylindrical   hous ing  

member ,   and  formed  with  a  genera l ly   radially  extending  slot:  a  

c o m p r e s s o r   vane,  formed  genera l ly   in  a  rec tangular   p a r a l l e l o p i p e d a l  

10  slab  shape,  for  being  inser ted   in  said  general ly  radially  extending  s lo t  

of  said  rotor,  and  having  two  opposite  substant ia l ly   mutually  p a r a l l e l  

side  s u r f a c e s   for,  when  said  vane  is  thus  fitted  to  said  rotor  of  s a i d  

c o m p r e s s o r ,   extending  in  planes  substant ia l ly   radial  and  subs t an t i a l l y  

longitudinal  to  said  rotor  and  sliding  against  the  su r f aces   of  said  slot  in  

5  said  rotor,  and  fu r ther   having  a  side  edge  portion,  subs t an t i a l l y  

perpendicu la r   to  its  said  side  s u r f a c e s   and  joining  them,  for,  when  s a id  
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plane  s u b s t a n t i a l l y   c i r c u m f e r e n t i a l   and  subs tan t i a l ly   longitudinal   of  s a i d  

rotor   and  for  sliding  against  the  inner  s u r f a c e   of  said  ho l low 

cy l indr ica l   c o m p r e s s o r   housing  member ;   said  vane  being  m a n u f a c t u r e d  

f rom  a  m a t r i x   of  metal   r e in fo rced   with  shor t   f iber   ma te r i a l ,   with  t h e  

o r i en t a t i on   of  the  f ibe r s   of  said  r e i n f o r c i n g   shor t   f iber   m a t e r i a l   be ing  

genera l ly   two  d imensional ly   random  and  i so t rop ic   in  p l a n e s  

p e r p e n d i c u l a r   both  to  said  opposite  side  s u r f a c e s   t h e r e o f   and  to  s a id  

edge  por t ion   t h e r e o f   and  substant ia l ly   p e r p e n d i c u l a r   to  the  l ong i tud ina l  

)  d i r ec t ion   of  said  rotor,   when  said  vane  is  f i t ted  to  said  rotor   of  s a id  

c o m p r e s s o r .  

Accord ing   to  such  a  f iber  r e i n f o r c e d   metal   c o m p r e s s o r   vane  a s  

spec i f i ed   above,  since  the  or ientat ion  of  the  f i b e r s   of  said  r e i n f o r c i n g  

5  short   f i be r   m a t e r i a l ,   when  said  vane  is  f i t ted  to  said  rotor  of  s a i d  

c o m p r e s s o r ,   is  genera l ly   two  d imens iona l ly   random  and  i so t ropic   in  

planes  p e r p e n d i c u l a r   both  to  said  opposite  side  s u r f a c e s   t he r eo f   and 

also  to  said  edge  port ion  the reof   and  thus  subs tan t i a l ly   pe rpend icu la r   to 

the  longi tudinal   d i rec t ion   of  said  rotor,  thereby  these  r e i n f o r c i n g   s h o r t  

JO  f ibe r s ,   w h e r e   they  meet  said  opposite  side  s u r f a c e s   and  said  edge 

port ion  of  said  rotor,   are  overall   on  average   angled  at  the  m a x i m u m  

amount  with  r e spec t   to  said  s u r f a c e s   of  said  vane,  which  are  the 

s u r f a c e s   of  said  vane  which  pa r t i cu la r ly   undergo  sliding  f r ic t ion   dur ing  

use  of  the  c o m p r e s s o r .   By  "overal l"   it  is  meant   that  other  o r i e n t a t i o n s  

25  for  the  r e i n f o r c i n g   short  f ibers   might  i nc r ea se   the  average   angle  w h i c h  

said  r e i n f o r c i n g   short   f ibers   might  make   at  one  of  these  s u r f a c e s ,   but  
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only  at  the  expense  of  the  average  angle  which  said  r e i n f o r c i n g   s h o r t  

f ibe r s   might  m a k e   at  the  other  of  said  s u r f a c e s ;   the  s p e c i f i e d  

o r i en ta t ion   for  the  r e in fo rc ing   short  fiber  ma te r i a l   is  the  one  w h i c h  

m a x i m i z e s   the  minimum  average  angle  which  said  r e i n f o r c i n g   s h o r t  

5  f ibe r s   m a k e   at  both  of  these  su r faces .   Consequent ly ,   the  anti  w e a r  

c h a r a c t e r i s t i c s   and  the  anti  scuff ing   and  anti  s e i zu re   c h a r a c t e r i s t i c s   o f  

this  vane  and  the  c o m p r e s s o r   incorporat ing  it  are  s ign i f i can t ly   enhanced .  

F u r t h e r ,   s ince  the  r e in fo rc ing   short  f ibers   are  genera l ly   or iented  on 

planes  which  are  pe rpend icu la r   to  the  direction  ( t a k e n   as  a  vec tor)   o f  

10  the  bending  s t r e s s   to  which  the  vane  is  subjected  by  the  rotor   du r ing  

use  of  the  c o m p r e s s o r ,   thereby  there  is  made  poss ib le   a  s i g n i f i c a n t  

i m p r o v e m e n t   in  the  bending  strength  of  the  vane,  which  f u r t h e r  

i n c r e a s e s   its  d u r a b i l i t y .  

15  T h e r e b y ,   as  a  whole,  the  durability  of  a  c o m p r e s s o r   inc luding  

this  vane  is  notably  enhanced,  and,  fur ther ,   since  it  becomes   poss ible   to  

reduce  the  t h i c k n e s s   of  the  vane  in  accordance  with  the  i m p r o v e d  

c h a r a c t e r i s t i c s   thereof ,   thereby  the  swept  volume  of  the  c o m p r e s s i o n   o r  

pumping  c h a m b e r s   of  the  compres so r   can  be  s ign i f ican t ly   i n c r e a s e d ,  

20  without  mak ing   the  c o m p r e s s o r   as  a  whole  more  bulky  or  heavier .   As  

a  resul t ,   the  pumping  capacity  of  the  c o m p r e s s o r   can  be  d e s i r a b l y  

enhanced  to  a  s igni f icant   ex tent .  

Accord ing   to  a  pa r t i cu la r   special izat ion  of  the  p resen t   invent ion ,  

25  the  above  and  other  objects  may  more  par t icu lar ly   be  accompl i shed   by  a  

f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane  of  either  of  the  types  s p e c i f i e d  
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is  a l uminum  alloy.  This   f ac i l i t a t es   making   the  vanes  as  light  a s  

poss ib le .   F u r t h e r ,   the  r e in fo rc ing   fiber  ma te r i a l   may  be  a lumina  s h o r t  

f iber   m a t e r i a l ,   or  a lumina - s i l i c a   short  f iber   m a t e r i a l   ( p o s s i b l y  

including  a  subs tant ia l   c rys ta l l ine   content,  which  may  be  m u l l i t e  

c r y s t a l l i n e   content) ,   or  silicon  carbide  w h i s k e r   ma te r i a l ,   or  s i l i c o n  

n i t r ide   w h i s k e r   ma te r i a l .   And  the  volume  p ropor t ion   of  s a i d  

r e i n f o r c i n g   f iber   ma te r ia l   may  be  f rom  about  5%  to  about  50%. 

3  B R I E F   D E S C R I P T I O N   O F   T H E   D R A W I N G S  

The   p r e sen t   invention  win  auw  ^   u s o w ^   —   —  

p r e f e r r e d   embodiments   thereof ,   and  with  r e f e r e n c e   to  the  i l l u s t r a t i v e  

d r a w i n g s   appended  hereto ,   which  however   are  provided  for  the  p u r p o s e s  

5  of  explanat ion   and  exempl i f i ca t ion   only,  and  are  not  intended  to  b e  

l imi ta t ive   of  the  scope  of  the  present   invention  in  any  way,  since  t h i s  

scope  is  to  be  del imited  solely  by  the  accompanying  c la ims.   W i t h  

re la t ion   to  the  f igures ,   spatial  t e rms  are  to  be  unders tood   as  r e f e r r i n g  

only  to  the  or ien ta t ion   on  the  drawing  paper  of  the  i l l u s t r a t ions   of  t h e  

>0  re levant   e lements ,   unless  o the rwise   spec i f ied ;   l ike  r e f e r e n c e  

n u m e r a l s ,   unless   o the rwi se   so  specif ied,   denote  the  same  e lements   and 

so  on  in  the  var ious  f igures   relating  to  one  p r e f e r r e d   embodiment ,   and 

l ike   e l ements   and  so  on  in  f igures  relating  to  d i f f e r e n t   p r e f e r r e d  

embod imen t s ;   and:  

25 
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Fig.  1  is  a  schematic  longitudinal  ske le ton   view  of  a  vane  type  

c o m p r e s s o r   suitable  for  incorpora t ing   any  one  of  the  p r e f e r r e d  

embodiments   of  the  fiber  r e i n f o r c e d   metal  c o m p r e s s o r   vane  of  the  

p resen t   inven t ion ;  

5 

Fig.  2  is  a  schematic   enlarged  pe r spec t ive   view  showing  a  f i b e r  

r e i n f o r c e d   metal  compres so r   vane  for  said  Fig.  1  c o m p r e s s o r ,   s a i d  

c o m p r e s s o r   vane  being  according  to  any  one  of  the  p r e f e r r e d  

embodiments   of  the  present   invent ion;  

10 

Fig.  3  is  a  perspect ive   view  showing  a  p r e f o r m   made  of  s h o r t  

r e i n f o r c i n g   f iber   mater ia l ,   suitable  for  being  used  for  making  a  f i b e r  

r e i n f o r c e d   metal  compressor   vane  according  to  the  present   invention,  

with  the  or ienta t ion   of  the  short  f ibers   of  which  said  f iber   p r e f o r m   i s  

15  composed  being  generally  two  d imensional ly   i so t ropical ly   random  in  

planes  pe rpend icu l a r   to  the  axis  t he reo f   designated  as  "Y";  

Fig.  4  is  s imi lar   to  Fig.  3,  being  a  pe rspec t ive   view  showing  a  

p r e f o r m   made  of  short  r e in forc ing   f iber  mater ia l ,   suitable  for  be ing  

20  used  for  making  a  f i rs t   compar ison  f iber  r e in fo rced   metal  c o m p r e s s o r  

vane  not  according  to  the  present   invention,  with  the  or ientat ion  of  the  

short  f ibe r s   of  which  said  f iber   p r e f o r m   is  composed  being  g e n e r a l l y  

two  d imens ional ly   isotropical ly  random  in  planes  pe rpend icu la r   to  t he  

axis  the reof   designated  as  "X";  

25 



I  H  -  

*m  «  fc«  V  * 

Fig.  5  is  s imi l a r   io  r i g s ,   o  uuu  **,  ucnig  a  y ^  

showing   a  p r e f o r m   made  of  short   r e i n f o r c i n g   f iber   ma te r i a l ,   su i tab le  

for   being  used  for  making   a  second  c o m p a r i s o n   f iber   r e in fo rced   m e t a l  

c o m p r e s s o r   vane  also  not  according  to  the  p r e s e n t   invention,  with  the  

o r i e n t a t i o n   of  the  short   f i be r s   of  which   said  f iber   p r e f o r m   i s  

composed   being  genera l ly   two  d i m e n s i o n a l l y   i so t rop ica l ly   random  in  

planes   p e r p e n d i c u l a r   to  the  axis  t h e r e o f   des igna ted   as  "Z";  and: 

Fig.   6  is  s imi la r   to  Figs.   3  through  5,  being  a  perspec t ive   v i e w  

}  showing   a  p r e f o r m   made  of  short   r e i n f o r c i n g   f iber   ma te r i a l ,   su i t ab le  

for   being  used  for  making   a  third  c o m p a r i s o n   f iber   r e in fo rced   m e t a l  

c o m p r e s s o r   vane  also  not  according  to  the  p r e s e n t   invention,  with  t he  

o r i e n t a t i o n   of  the  short   f i be r s   of  which   said  f iber   p r e f o r m   i s  

composed   being  genera l ly   i so t rop ica l ly   r andom  in  three   d i m e n s i o n s .  

5  

D E S C R I P T I O N   O F   T H E   P R E F E R R E D  

E M B O D I M E N T S  

The   p resen t   invention  will  now  be  de sc r i bed   with  r e f e rence   to  

>0  the  p r e f e r r e d   embodiments   the reof ,   and  with  r e f e r e n c e   to  the  f i g u r e s .  

Genera l   Cons t ruc t ion   of  a  Vane  T y p e   C o m p r e s s o r  

In  Fig.  1,  there  is  shown  a  s chema t i c   longitudinal  skeleton  v i e w  

25  of  a  vane  type  c o m p r e s s o r ,   which  is  of  the  type  d i scussed   ear l ier   in  

this  spec i f i c a t i on ,   and  which  is  sui table   for   incorpora t ing   any  one  o f  
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tne  p re i   e r r ed   embodiments   ot  the  fiber  r e i n f o r c e d   metal  c o m p r e s s o r  

vane  of  the  p r e sen t   invention  which  will  be  desc r ibed   h e r e i n a f t e r ;   and 

Fig.  2  shows   a  vane  incorpora ted   therein  in  enlarged  pe r spec t ive   v i e w .  

T h e r e f o r e ,   be fo re   descr ip t ion   of  any  of  the  p r e f e r r e d   e m b o d i m e n t  

5  c o m p r e s s o r   vanes,  a  general   descr ipt ion  of  the  const ruct ion  and  the  

funct ioning  of  such  a  vane  type  c o m p r e s s o r   will  be  given,  in  order   to  

place  into  context  the  r equ i rements   upon  the  f iber   r e i n f o r c e d   m e t a l  

c o m p r e s s o r   vane  of  the  present   invention  with  regard  to  bending 

s t rength ,   w e a r   r e s i s t a n c e ,   scuff ing  r e s i s t ance ,   and  the  l i k e .  

10 

R e f e r r i n g   to  Fig.  1,  the  r e f e rence   numera l   2  denotes  a  ho l low 

cyl inder   m e m b e r   of  the  compresso r ,   and  this  hollow  cylinder  member   2  

is  rece ived   in  the  central   cavity  of  an  outer  casing  member   4.  T h i s  

hollow  cyl inder   m e m b e r   2  is  formed  as  a  right  cyl indrical   body  w h i c h  

L5  has  a  right  cy l indr ica l   inner  su r face   8  which  def ines   within  it  a  

cyl inder   chamber   space.   This  inner  su r face   8,  which  extends  in  a  

d i rec t ion   p e r p e n d i c u l a r   to  the  drawing  paper  in  Fig.  1,  however   is  not  a  

c i r cu l a r   cyl inder ,   but  ra ther   its  cross  sectional   shape  is  g e n e r a l l y  

fo rmed   as  approx imate ly   elliptical.  The  central   axis  of  symmet ry   6  o f  

10  the  inner  s u r f a c e   8  of  the  hollow  cylinder  member   2  is  denoted  as  6  in 

the  d rawing ,   and  this  axis  of  symmetry   6  also  extends  in  a  d i r e c t i on  

p e r p e n d i c u l a r   to  the  drawing  paper  in  Fig.  1,  since  the  en t i r e  

cons t ruc t ion   is  right  c y l i n d r i c a l .  

!5  T h r o u g h   the  inner  su r face   8  of  the  hollow  cylinder  member   2,  a t  

d i a m e t r i c a l l y   opposite  sides  thereof   with  respect   to  the  axis  o f  
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inlet  ports   10  and  12.  The  inlet  port  10  communica tes   to  an  i n l e t  

plenum  14,  and  s imi l a r ly   the  other  inlet  port  12  communica t e s   t o  

another  inlet  p lenum  16.  Although  such  a r r a n g e m e n t s   are   n o t  

pa r t i cu l a r ly   shown  in  the  f igure ,   the  two  inlet  plenums  14  and  16  m a y  

typically  be  communica t ed   together   and  then  may  be  connected  to  a n  

inlet  side  of  the  c o m p r e s s o r   as  a  whole,  for  sucking  fluid  to  b e  

c o m p r e s s e d   f r o m   a  source  thereof .   Similar ly ,   through  said  i n n e r  

s u r f a c e   8  of  the  hollow  cylinder  member   2,  at  d i amet r i ca l ly   o p p o s i t e  

)  sides  t h e r e o f   with  respec t   to  said  axis  of  symmet ry   6  of  s a i d  

cyl indrical   inner   s u r f a c e   8,  there  open  a  pair  of  outlet  ports  18  and  20.  

The  outlet  port   18  communica tes   to  an  outlet  plenum  22,  and  s i m i l a r l y  

the  other  outlet   port   20  communica tes   to  another  outlet  plenum  24.  

Although  such  a r r a n g e m e n t s   are  not  par t icu la r ly   shown  in  the  f i g u r e ,  

5  the  two  outlet  p lenums  22  and  24  may  typically  be  c o m m u n i c a t e d  

together  and  then  may  be  connected  to  an  outlet  side  of  the  c o m p r e s s o r  

as  a  whole,  for   expelling  fluid  which  has  been  compressed   t o w a r d s   a  

device  for  r ece ip t   t he reof .   In  fact,  a  pair  of  one  way  valves  a r e  

provided,  one  to  each  of  said  outlet  ports  18  and  20,  for  al lowing  f l o w  

20  of  fluid  t h e r e t h r o u g h   only  in  the  direct ion  from  the  cylinder  c h a m b e r  

space  def ined  within  the  inner  s u r f a c e   8  of  the  hollow  cylinder  m e m b e r  

2  t owards   the  r e spec t ive   outlet  plenums  22  and  24,  and  not  in  t h e  

reverse   d i r ec t ions ;   however ,   such  a r rangements   also  are  n o t  

pa r t i cu la r ly   shown  in  the  f i g u r e .  

25 
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A  subs tan t i a l ly   c i rcular   cyl indrical   rotor  m e m b e r   26  is  moun ted  

within  said  cyl inder   chamber  space  defined  in  said  hollow  c y l i n d e r  

member   2,  so  as  to  be  rotatable  about  the  axis  of  s y m m e t r y   6  of  the  

inner  s u r f a c e   8  of  said  hollow  cylinder  m e m b e r   2.  T h i s   rotor   m e m b e r  

5  26  is  f o r m e d   with  four  vane  receiving  slots  des ignated  as  28a  t h r o u g h  

28d,  each  of  which  extends  substant ia l ly   longitudinally  along  the  r o t o r  

member   26  and  thus  in  a  plane  also  substant ia l ly   p e r p e n d i c u l a r   to  the  

d rawing   paper   in  Fig.  1  and  substant ia l ly   pa ra l l e l   to  the  axis  o f  

s y m m e t r y   6  of  the  construct ion  although  in  fact  not  actual ly  inc lud ing  

10  said  axis  of  s y m m e t r y   6.  The  planes  of  the  two  vane  rece iv ing  s l o t s  

28a  and  28c  are  para l le l   to  one  another  and  are  set  at  an  angle  of  90° 

with  r e spec t   to  the  planes  of  the  other  two  vane  rece iv ing  slots  28b  and 

28d  which  also  are  paral lel   to  one  another.   Thus ,   the  four  vane  

receiving  slots  28a  through  28d  extend  in  the  longitudinal  d i rec t ion   o f  

15  the  rotor   m e m b e r   26  and  also  general ly  in  the  radial  d i rec t ion  of  s a i d  

rotor  m e m b e r   26  although  in  fact  somewhat   o f f s e t   t h e r e f r o m .   In  e a c h  

of  said  four  vane  receiving  slots  28a  through  28d  there  is  s l i dab ly  

fitted  a  co r r e spond ing   one  of  four  vanes  36a  through  36d,  each  o f  

which  is  f o rmed   as  a  slab  member ,   i.e.  genera l ly   as  a  r e c t a n g u l a r  

20  pa ra l l e lop iped   or  cuboid  whose  dimension  in  the  c i r c u m f e r e n t i a l  

d i rect ion  of  the  construct ion  is  relatively  small,   whose  d imension   in  t he  

radial  d i rec t ion   of  the  construct ion  is  i n t e rmed ia t e ,   and  w h o s e  

dimension  in  the  longitudinal  direction  of  the  cons t ruc t ion   is  r e l a t i v e l y  

large.  The  outer  edges  of  these  four  vanes  36a  through  36d  a r e  

25  respec t ive ly   denoted  by  the  r e f e r ence   symbols  40a  through  40d;  the  

t rai l ing  sides  (wi th   respect   to  the  p r e f e r r e d   d i rect ion  of  rotation  of  t he  
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in  Fig.  1)  of  the  four  vanes  36a  through  36d  a re   r e spec t ive ly   denoted  

by,  the  r e f e r e n c e   symbols   42a  through  42d;  and  the  leading  sides  w i t h  

r e spec t   to  said  p r e f e r r e d   d i rect ion  of  rota t ion  of  the  four  vanes  36a  

through  36d  are  r e spec t ive ly   denoted  by  the  r e f e r e n c e   symbols   44a  

through  44d.  Th i s   nomenc la tu r e   and  these  r e l a t i ve   d imens ions   are  b e s t  

a p p r e c i a t e d   by  cons ide ra t ion   of  Fig.  2,  which  shows   such  a  vane,  

p a r t i c u l a r l y   one  accord ing   to  the  p resen t   invention  as  will  be  d e s c r i b e d  

la ter ,   in  en larged   p e r s p e c t i v e   v i e w .  

I 

O p e r a t i o n   of  this  Vane  t ype   C o m p r e s s o r  

Thus ,   as  the  rotor   member   26  ro ta tes ,   it  na tura l ly   c a r r i e s   t he  

four   vanes  36a  through  36d  around  with  it,  s ince  they  are  slidably  f i t t e d  

5  into  the  four   vane  receiving  slots  28a  through  28d  f o r m e d   in  said  r o t o r  

m e m b e r   26.  The   action  of  cen t r i fuga l   fo rce   t h e r e f o r e   keeps   said  f o u r  

vanes  36a  through  36d  biased  in  the  r e s p e c t i v e   radial ly  o u t w a r d  

d i r ec t i ons ,   so  that  their   outer  edges  40a  through  40d  are  kept  p r e s s e d  

against   the  inner  s u r f a c e   8  of  the  hollow  cyl inder   m e m b e r   2  and  f o r m  

10  re la t ive ly   good  seals   the reaga ins t ,   while  said  one  of  said  four  v a n e s  

36a  through  36d  s l ides   to  and  fro  in  its  one  of  the  four   vane  r e c e i v i n g  

slots  28a  through  28d,  its  sides  42  and  44  at  this  time  p e r f o r m i n g  

rubbing  action  each  on  its  side  of  said  one  of  said  four  vane  r e c e i v i n g  

slots  28a  through  28d.  Thus,   four  var iable   volume  pumping  c h a m b e r s  

25  38  are  def ined  around  the  rotor  member   26  b e t w e e n   adjacent  pairs   o f  

said  four   vanes  36a  through  36d.  the  rotor   m e m b e r   26,  and  said  i n n e r  
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su r face   8  of  said  hollow  cyl inder   member   2.  To  cons ider   the  action  irt 

detail,  as  the  rotor   m e m b e r   26  and  the  four  vanes  36a  through  36d 

rotate,  and  cons ider ing   an  exemplary   one  of  these  var iab le   v o l u m e  

pumping  c h a m b e r s   38:  said  var iable   volume  pumping  chamber   38  m o v e s  

5  around  the  inner  s u r f a c e   8  of  the  hollow  cylinder  m e m b e r   2  in  t he  

c o u n t e r c l o c k w i s e   d i rec t ion   as  seen  in  the  figure,  and  f i r s t   at  the  s t a r t  

of  its  pumping  cycle  its  leading  edge  portion  comes  to  co r r e spond   to  

one  of  the  inlet  ports   10  and  12  -  here  let  us  assume  that  that  one  i s  

the  inlet  port  10  -  and  t h e r e a f t e r   said  variable  volume  pumping  c h a m b e r  

10  38  expands  in  volume  as  it  passes   past  said  inlet  port  10,  to  reach  a  

substant ia l ly   maximum  volume  as  its  trailing  edge  portion  comes  to  p a s s  

said  inlet  port  10;  thereby  a  quantity  of  fluid  to  be  c o m p r e s s e d   i s  

sucked  into  said  var iable   volume  pumping  chamber  38  through  the  i n l e t  

plenum  14  and  said  inlet  port   10.  Next,  this  variable  volume  p u m p i n g  

15  chamber  38  is  reduced  in  volume,  thus  compress ing   the  fluid  j u s t  

inducted  there into ,   and  then  the  leading  edge  portion  t h e r e o f   comes  t o  

correspond  to  one  of  the  outlet  ports  18  and  20  -  actually  the  ou t l e t  

port  20  in  this  case  -  and  t h e r e a f t e r   said  variable  volume  p u m p i n g  

chamber  38  f u r the r   reduces  in  volume  as  it  passes   past  said  outlet  p o r t  

20  20.  At  an  appropr i a t e   time  point  the  one  way  valve  not  shown  in  the  

figure  for  said  outlet  port  20  is  opened  by  an  appropr i a t e   m e a n s  

the re fo r ,   so  as  to  allow  the  compressed   fluid  in  the  var iable   v o l u m e  

pumping  chamber   38  to  be  expelled  t he re f rom  through  said  outlet  p o r t  

20  and  the  outlet  plenum  24.  And  the  variable  volume  pumping  c h a m b e r  

25  38  reaches  a  subs tant ia l ly   minimum  volume  as  its  t rai l ing  edge  p o r t i o n  

comes  to  pass  said  outlet  port  20.  And  then  this  cycle  is  r e p e a t e d .  
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c o m p r e s s e d ,   and  is  expelled  at  re la t ive ly   high  p r e s s u r e   via  the  o u t l e t  

p lenums  22  and  24 .  

During  this  action,  the  four   vanes  36a  through  36d  are  sub jec t ed  

to  very  severe   conditions  of  f r i c t i ona l   wear ,   both  due  to  the  rubbing  o f  

* 
thei r   outer   edges  40a  through  40d  against   the  inner  su r f ace   8  of  t h e  

hollow  cylinder  m e m b e r   2,  and  also  due  to  the  sliding  of  their  s i d e s  

42a  through  42d  and  44a  through  44d  against   the  sides  of  the  four  vane  

0  r ece iv ing   slots  28a  through  28d.  Such  severe   f r i c t iona l   wear   condi t ions  

can  cause  scuf f ing   of  the  re levant   s u r f a c e s   against   one  another,  or,  i n  

the  w o r s t   case,  mutual  s e i zu re   t he reof .   And,  f u r t h e r m o r e ,   the  o u t e r  

and  inner  edges  of  each  such  vane  36a  through  36d  function  as  f u l c r u m s  

to  r ece ive   the  bending  s t r e s s   impar ted   f rom  the  outer   edge  of  t h e  

5  r e s p e c t i v e   one  of  the  four   vane  receiving  slots  28a  through  28d,  and 

this  subjec ts   the  four  vanes  36a  through  36d  to  very  severe   condi t ions  

of  bending  s t rain.   Because   of  these   var ious   severe   conditions  to  w h i c h  

the  four   vanes  36a  through  36d  are  subjected,   the  requ i rements   f o r  

their   endurance  have  been  made  more  and  more  demanding,  which  h a s  

20  given  r ise  to  the  pa r t i cu l a r   composi t ion   for  said  four  vanes  36a  t h rough  

36d  accord ing   to  the  p resen t   invention,  now  to  be  exp la ined .  

The  Vane  of  the  P r e s e n t   I n v e n t i o n  

25  Fig.  2  is  a  schemat ic   enlarged  pe rspec t ive   view  showing  a  f i b e r  

r e i n f o r c e d   metal  c o m p r e s s o r   vane  for  said  Fig.  1  compresso r ,   s a i d  
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c o m p r e s s o r   vane  being  accord ing   to  any  one  of  the  p r e f e r r e d  

embod imen t s   of  the  p resen t   invention.  Th is   vane,  denoted  as  36,  i s  

m a n u f a c t u r e d   from  a  composi te   m a t e r i a l   which  is  made  up  from  a  

mat r ix   of  metal  such  as  for  example   a luminum  alloy  or  m a g n e s i u m  

5  alloy,  r e in fo rced   by  short  f iber   m a t e r i a l   such  as  for  example  a l u m i n a -  

s i l ica  f ibe r s   or  the  l ike,  with  the  p a r t i c u l a r   f ea tu re ,   according  to  t he  

concept   of  the  present   invention,  that  the  o r ien ta t ion   of  the  short  f i b e r s  

(denoted  by  the  r e f e r e n c e   symbol  46)  of  said  r e in fo rc ing   short  f i b e r  

m a t e r i a l   is  such  that  they  are  o r ien ted   subs tan t ia l ly   randomly  and  

10  i so t rop ica l ly   in  two  d imens ions ,   and  subs tan t ia l ly   lie  in  p l a n e s  

p e r p e n d i c u l a r   to  the  axial  line  6  of  the  c o m p r e s s o r   to  which  they  are  to  

be  fitted.  In  other  words ,   accord ing   to  the  nomenc la tu re   shown  in  t he  

f igure ,   the  outer  edge  portion  of  the  vane  36  which  slides  against  t h e  

inner  s u r f a c e   8  of  the  hollow  cyl inder   m e m b e r   2  is  designated  as  40  

15  and  the  two  sides  of  said  vane  36  which  slide  against   the  sides  of  t h e  

vane  receiving  slot  28  formed  in  the  rotor   m e m b e r   26  for  this  vane  36 

are  des ignated  as  42  and  44,  and  the  axes  as  shown  in  the  f igure  a r e  

as  fo l lows:   the  X  axis  is  in  the  d i rec t ion   pe rpend icu la r   to  said  t w o  

sides  42  and  44  of  said  vane  36,  i.e.  is  in  the  d i rec t ion  c i r c u m f e r e n t i a l  

20  to  the  rotor  member   26  of  the  c o m p r e s s o r   when  this  vane  36  is  f i t t ed  

to  said  compres so r ;   the  Y  axis  is  in  the  d i rec t ion   parallel   to  s a id  

outer  edge  40  of  said  vane  36,  i.e.  is  in  the  d i rec t ion  longitudinal  to  t he  

rotor   member   26  of  the  c o m p r e s s o r   when  this  vane  36  is  fitted  to  s a id  

c o m p r e s s o r ;   and  the  Z  axis  is  in  the  d i rec t ion   paral lel   to  said  t w o  

>5  sides  42  and  44  and  pe rpend icu l a r   to  said  outer  edge  40  of  said  vane  

36,  i.e.  is  in  the  direct ion  radial  to  the  rotor  member   26  of  t he  
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c o m p r e s s o r   when  wis  vane  x>  is  i i u e a   10  saiu  tuuipi  essui  .  ™iu,  

a c c o r d i n g   to  the  pa r t i cu l a r   concept  of  the  p resen t   invention,  t h e  

o r i e n t a t i o n   of  the  short  f i b e r s   46  of  the  r e in fo rc ing   short  f i b e r  

m a t e r i a l   is  such  that  they  are  or iented   substant ia l ly   two  d imens iona l ly  

;  r andomly   and  i so t ropica l ly   in  planes  paral le l   to  the  X-Z  plane,  and 

h o w e v e r   substant ia l ly   all  extend  p e r p e n d i c u l a r   to  the  Y  ax i s .  

As  a  result   of  this  o r i en ta t ion   of  the  short   f ibe r s   46,  the  a v e r a g e  

o r i en t a t i on   of  said  short  f i be r s   46  where   they  reach  the  su r face   of  the  

0  vane  36,  both  at  the  outer  edge  40  of  said  vane  36  and  at  the  two  s ide  

s u r f a c e s   42  and  44  of  said  vane  36,  is  maximized:   i.e.  the  ave r age  

angle  at  which  said  short  f i be r s   46  meet  said  various  su r f aces   40,  42, 

and  44  is  maximized.   T h e r e b y ,   the  anti  wear   c h a r a c t e r i s t i c s   of  s a i c  

outer   edge  40  and  said  two  side  s u r f a c e s   42  and  44  of  said  vane  36  a r e  

5  as  a  whole  maximized,   as  are  their   anti  scuf f ing   cha rac t e r i s t i c s   and 

their   anti  se izure   c h a r a c t e r i s t i c s .   F u r t h e r ,   according  to  this  o r i e n t a t i o n  

of  the  shor t   f ibers   46  of  the  f ibe r   r e in fo rc ing   ma te r i a l   according  to  

the  p r e s e n t   invention,  since  said  short   f ibe r s   are  substantial ly  o r i e n t e d  

to  lie  in  planes  which  are  extended  in  the  direct ion  of  the  bending 

20  s t r e s s   which  the  vane  36  r ece ives   f rom  the  rotor  member   26,  the  

bending  s t rength  c h a r a c t e r i s t i c s   of  this  vane  36  are  also  notably  

excel lent .   That  is  to  say,  speak ing   in  vector  and/or   tensor  te rms,   the  

twi s t ing   s t r e s s   to  which  the  vane  36  is  subjected  as  the  c o m p r e s s o r  

rotor   m e m b e r   26  rotates  can  be  r ep resen ted   by  a  vector  field  w h o s e  

25  e l ements   all  extend  substant ia l ly   longitudinally  to  said  rotor  member   26, 

i.e.  in  the  direct ion  of  the  Y  axis  as  seen  in  Fig.  2,  and  t h e r e f o r e ,  
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Decause  ine  snort  l i b e r s   4b  of  the  r e in fo rc ing   short  f iber   ma te r ia l   a l l  

lie  so  as  to  extend  p e r p e n d i c u l a r   to  the  Y  axis,  i.e.  all  a f t l g n d r k .  

substant ia l ly   two  d imens iona l ly   randomly  and  i sot ropical ly   in  p l a n e s  

paral le l   to  the  X-Z  plane,  t h e r e f o r e   the  r es i s tance   which  they  o f f e r   to  

5  said  bending  s t r e s s   is  subs tant ia l ly   m a x i m a l .  

The  F i r s t   P r e f e r r e d   E m b o d i m e n t ,   and  C o m p a r i s o n   E x a m p l e s  

Now,  the  f i r s t   p r e f e r r e d   embodiment   of  the  f iber   r e in fo rced   ^  

10  metal  c o m p r e s s o r   vane  of  the  p resen t   invention  will  be  descr ibed   in 

concrete  t e rms ,   along  with  compar i son   examples,   with  r e f e r e n c e   to  * 

Figs.  3  through  6.  

F i r s t ,   a  quantity  of  c rys ta l l ine   a lumina - s i l i ca   short  f iber   m a t e r i a l  

L5  was  p repared   in  the  fol lowing  manner .   The  start ing  mate r ia l   was  a  

quantity  of  n o n - c r y s t a l l i n e   ( a m o r p h o u s )   short  f iber  mater ia l   of  the  type 

"Kaowool"  (this  is  a  t rade  m a r k )   made  by  Isolite  Babcock  T a i k a   K.K. ,  

which  had  average  f iber   length  of  approximate ly   1  mm  and  a v e r a g e  
f iber   d iameter   of  approx imate ly   3  microns ,   and  which  was  composed  o f  

!0  approximate ly   48%  by  weight  A1203  and  balance  substant ia l ly   S i 0 2 .  

This  s tar t ing  mate r ia l   was  then  subjected  to  heat  t rea tment ,   so  tha t  

approximately   60%  by  weight  of  it  was  converted  to  the  m u l l i t e  

crysta l l ine   f o r m .  

5  Then,  from  this  c rys ta l l ine   a lumina - s i l i ca   short  f iber   m a t e r i a l ,  

there  were  p repared ,   using  colloidal  silica  as  a  binder,  four  d i f f e r e n t  



Z4  -  

*■*  \J  C  *7  •+ 

short   f iber   m a t e r i a l   p r e i o r m s ,   snown  in  r igs ,   d  uuuugu  u  m»u 

designated  as  50,  52,  54,  and  56.  Each  of  these  p r e f o r m s   50,  52,  54,  

and  56  had  app rox ima te   d imens ions   98  mm  x  50  mm  x  200  mm,  and  h a d  

f iber   volume  p ropor t ion   of  approx imate ly   15%,  and  the  o r ien ta t ions   o f  

>  the  short  f i b e r s   in  each  p r e f o r m   were   as  will  now  be  d e s c r i b e d ,  

taking  the  X  axis  as  the  50  mm  axis,  the  Y  axis  as  the  98  mm  a x i s ,  

and  the  Z  axis  as  the  200  mm  axis  ( these   axes  cor respond  to  the  a x e s  

of  the  f in ished  vanes  made  f rom  these  p r e f o r m s   as  shown  in  Fig .   2 ) .  

The   f i r s t   such  p r e f o r m   50  had  the  short   f ibers   46  of  the  short   f i b e r  

0  r e in fo rc ing   m a t e r i a l   t h e r e o f   lying  genera l ly   two  d imensional ly   r a n d o m l y  

and  i so t rop ica l ly   in  planes  pe rpend icu la r   to  the  Y  axis,  i.e.  ex t end ing  

para l le l   to  the  X-Z  plane  ( h e r e i n a f t e r   r e f e r r e d   to  as  o r ien ta t ion   A ) ;  

the  second  such  p r e f o r m   52  had  the  short   f ibers   46  of  the  short   f i b e r  

r e in fo rc ing   m a t e r i a l   t h e r e o f   lying  general ly   two  dimensional ly   r a n d o m l y  

[5  and  i so t rop ica l ly   in  planes  pe rpend icu l a r   to  the  X  axis,  i.e.  ex t end ing  

paral le l   to  the  Y-Z  plane  ( h e r e i n a f t e r   r e f e r r e d   to  as  o r ien ta t ion   B ) ;  

the  third  such  p r e f o r m   54  had  the  short   f ibers   46  of  the  short   f i b e r  

r e in fo rc ing   m a t e r i a l   t h e r e o f   lying  general ly   two  dimensional ly   r a n d o m l y  

and  i so t ropica l ly   in  planes  pe rpend icu la r   to  the  Z  axis,  i.e.  ex t end ing  

20  paral le l   to  the  X-Y  plane  ( h e r e i n a f t e r   r e f e r r e d   to  as  or ien ta t ion   C ) ;  

and  the  fourth  such  p r e f o r m   56  had  the  short  f ibers   46  of  the  s h o r t  

f iber   r e in fo rc ing   ma te r i a l   t h e r eo f   lying  generally  three  d i m e n s i o n a l l y  

randomly  and  comple te ly   i so t ropica l ly   in  all  d i rect ions   ( h e r e i n a f t e r  

r e f e r r e d   to  as  o r ien ta t ion   D).  T h e s e   p r e f o r m s   were   m a n u f a c t u r e d   by  

25  per  se  conventional  methods  which  will  not  be  pa r t i cu la r ly   d i s c u s s e d  

h e r e i n .  



0 2 4 0 2  

f l H l '   eacn  01  four  P r e f o r m s   50,  52,  54,  and  56  w a s  
subjected  to  a  high  p r e s s u r e   casting  p rocess ,   which  is  not  shown  in  any 
i l lus t ra t ion   because   it  is  also  per  se  conventionally  known,   as  f o l l o w s .  
Firs t ,   the  p r e f o r m   was  heated  up  to  a  t e m p e r a t u r e   of  a p p r o x i m a t e l y  
500°C,  and  then  it  was  placed  in  a  cavity  of  a  cast ing  mold,  w h i c h  
itself  was  maintained  at  a  t empera tu re   of  app rox ima te ly   250°C.  Then  a  
juantity  of  molten  aluminum  alloy  of  type  JIS  s tandard   AC1A,  at  a  
e m p e r a t u r e   of  approximate ly   710°C,  for  serving  as  a  mat r ix   m e t a l ,  
vas  poured  into  said  mold  cavity  over  and  around  the  p r e f o r m ,   to 
substantially  completely  cover  it,  and  then  a  p r e s s u r e   plunger,   i t s e l f  
eated  up  to  a  t empera tu re   of  approximate ly   200*C,  was  s l id ingly  
. s e r t ed   into  said  mold  cavity  so  as  closely  to  coopera te   the rewi th ,   and 
^as  p r e s s e d   strongly  downwards   on  the  s u r f a c e   of  the  mo l t en  
luminum  alloy,  so  as  to  p r e s s u r i z e   said  molten  a luminum  alloy  m a t r i x  
tetal  to  a  p r e s s u r e   of  approximately  1000  kg/cm>.  T h e r e b y   the  mo l t en  
iuminum  alloy  matrix  metal  was  p ressed   into  the  i n t e r s t i ce s   of  the 
-eform,   so  as  thoroughly  to  inf i l t ra te   between  all  of  the  short  f i b e r s  
)  t he r eo f .   And  the  p r e s s u r e   plunger  was  mainta ined  in  this  condi t ion 
itil  the  a luminum  alloy  matrix  metal  had  completely   sol idi f ied.   A f t e r  
id  a luminum  alloy  matrix  metal  had  thus  complete ly   sol idif ied,   the 
sultant  cast  form  was  removed  from  the  casting  mold,  and  was  cut 
wn  so  as  to  produce  a  piece  of  composite   ma te r i a l ,   with  the 
r iphera l   port ions  consisting  substantial ly  only  of  the  original  a l u m i n u m  

oy  mat r ix   mater ia l   without  any  admixture   of  r e i n fo r c ing   f i b e r s  
ving  been  machined  a w a y .  
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Next,  eacn  or  inese  pieces  ui  w u i ^ o ^   r  . 

f i r s t   by  l iquidizat ion  p rocess ing   for  a  time  period  of  approx imate ly   s i x  

hours   at  a  t e m p e r a t u r e   of  approximate ly   500°C,  and  then  by  a r t i f i c i a l  

aging  p r o c e s s i n g   for  a  time  period  of  app rox ima te ly   six  hours  at  a  

t e m p e r a t u r e   of  approximate ly   180-C.  Then,   the  resul t ing   m a t e r i a l  

p ieces   w e r e   machined  using  per  se  conventional   p r o c e s s e s   such  a s  

shaving  and  the  l ike,  so  as  to  form  a  set  of  four  vanes  such  as  s h o w n  

in  Fig.  2,  and  pa r t i cu l a r ly   each  with  X,  Y,  and  Z  axes  as  shown  in  F i g .  

2  c o r r e s p o n d i n g   to  the  X,  Y,  and  Z  axes  r e spec t ive ly   of  the  p r e f o r m  

)  used  as  shown  in  the  appropr ia te   one  of  Figs.   3  through  6.  In  fact,   a s  

will   be  easi ly  unders tood  based  upon  the  above  explanat ions   and  t he  

c la ims   of  the  p resen t   patent  application,   the  one  of  these  vanes,  t h e  

r e i n f o r c i n g   f ibe r s   of  which  had  or ienta t ion   A,  was  an  embodiment   -  t h e  

f i r s t   p r e f e r r e d   embodiment   -  of  the  p re sen t   invention,  while  on  t h e  

5  o ther   hand  the  other  three  of  these  vanes,  the  r e i n f o r c i n g   f ibers   o f  

which  had  o r ien ta t ions   B,  C,  and  D  respec t ive ly ,   w e r e   not  e m b o d i m e n t s  

of  the  p r e s e n t   invention,  but  on  the  cont ra ry   w e r e   compar i son   s a m p l e s .  

Each  of  these  vanes  36  in  turn  was  fi t ted  to  a  c o m p r e s s o r   of  t h e  

>0  genera l   type  shown  in  Fig.  1,  and  a s s e s s m e n t   tests   we re   conducted  to  

evaluate   the  bending  strength  c h a r a c t e r i s t i c ,   the  wear   r e s i s t a n c e  

c h a r a c t e r i s t i c ,   and  the  scuf f ing   and  se izure   r e s i s t a n c e   c h a r a c t e r i s t i c s  

t h e r e o f .   In  detail,   the  mater ia l   which  was  used  for  the  rotor  m e m b e r  

26  and  for  the  hollow  cylinder  member   2  of  the  c o m p r e s s o r   was  a  h igh  

25  s i l icon  type  a luminum  alloy  of  type  JIS  A390,  and  the  a s s e s s m e n t   of  t h e  

bending  s t reng th   c h a r a c t e r i s t i c   of  each  of  the  vanes  36  was  p e r f o r m e d  
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Dy  rapiaiy  c o m p r e s s i n g   a  liquidized  coolant  substance   and  t h u s  

conducting  liquid  c o m p r e s s i o n   tests  to  es tabl ish   the  durabi l i ty   of  the  

vanes  36  under  these  condit ions.   Fur ther ,   the  a s s e s s m e n t   of  the  w e a r  
r e s i s t ance   c h a r a c t e r i s t i c   of  each  of  the  vanes  36  was  p e r f o r m e d   by  

5  operat ing  the  c o m p r e s s o r   for  a  p re sc r ibed   re la t ive ly   long  time  period  a t  

a  p r e s c r i b e d   re la t ive ly   high  rotational  speed,  and  by  under  t h e s e  

operat ional   condit ions  checking   the  wear  amount  of  the  outer  edge  

portion  40  of  the  vane  36  which  had  slid  against   the  inner  c y l i n d r i c a l  

su r f ace   8  of  the  cyl inder  member   2  of  the  c o m p r e s s o r ,   t hus  

10  es tabl ishing  the  w e a r   r e s i s t ance   c h a r a c t e r i s t i c s   of  the  vanes  36  u n d e r  

these  condit ions.   Moreover ,   in  these  same  tests,   the  sides  42  and  44  o f  

the  vanes  36,  which  had  slid  against  the  sides  of  the  vane  r e c e i v i n g  

grooves  28  in  which  said  vanes  36  were  fitted,  were   also  c h e c k e d ,  

thereby  not  only  f u r t h e r   to  es tabl ish   the  wear   r e s i s t a n c e   c h a r a c t e r i s t i c s  

[5  of  the  vanes  36  under  these  conditions,  but  also  to  evaluate  the  an t i  

scuf f ing   c h a r a c t e r i s t i c s   and  the  anti  se izure   c h a r a c t e r i s t i c s   of  s a i d  

vanes  36.  

The  resu l t s   of  these  tests   are  shown  in  the  fo l lowing  Table.   In 

10  this  Table ,   the  columns  "Anti  wear  c h a r a c t e r i s t i c   I"  and  "Anti  w e a r  

c h a r a c t e r i s t i c   11"  r e f e r   to  the  anti  wear   c h a r a c t e r i s t i c s   of  the  t w o  

sides  42  and  44  of  the  vanes  36,  and  to  the  anti  wear   c h a r a c t e r i s t i c s   o f  

the  edge  por t ions   40  of  the  vanes  36,  respec t ive ly ;   and  an  " O "  

indicates  that  the  co r r e spond ing   cha rac t e r i s t i c   was  at  an  outstanding  and 

5  acceptable  level,  while  on  the  other  hand  an  "X"  indicates  that  the  

cor responding   c h a r a c t e r i s t i c   was  at  an  unsa t i s f ac to ry   l e v e l .  



Fiber  Bending   Ant i -wear   A n t i - w e a r  

„  O r i e n t a t i o n   S t rength   C h a r a c t e r i s e   I  Charac te r i s t i c   II 

A  O  O  O  

B  O  X  O  

C  X  o  X  

D  X  X  X  

As  wil l   be  c lear   f rom  the  above  Tab le ,   the  vane  w h o s e  

)  cons t i tuen t   shor t   r e i n f o r c i n g   f ibers   had  f iber   o r i en ta t ion   A,  i.e.  t he  

f i r s t   p r e f e r r e d   embodiment   of  the  f iber  r e i n f o r c e d   metal   c o m p r e s s o r  

vane  of  the  p r e s e n t   invention,  was  clearly  supe r io r   in  o v e r a l l  

c h a r a c t e r i s t i c s   to  the  other  three  vanes,  whose  const i tuent   s h o r t  

r e i n f o r c i n g   f i b e r s   had  f iber   or ienta t ions   B,  C  and  D,  i.e.  the  f i r s t  

5  through  the  th i rd   compar i son   example  vanes.  In  other  words ,   each  o f  

these   f i r s t   th rough   third  compar i son   example  vanes  was  def ic ient   in  one  

or  m o r e   r e q u i r e d   p e r f o r m a n c e   c h a r a c t e r i s t i c s ,   and  only  the  f i r s t  

p r e f e r r e d   embod imen t   of  the  fiber  r e in forced   metal   c o m p r e s s o r   vane 

of  the  p r e s e n t   invention  was  s a t i s f ac to ry   with  regard   to  all  o f :  

20  bending  s t r e n g t h   c h a r a c t e r i s t i c ,   anti  wear   c h a r a c t e r i s t i c s   of  its  t w o  

sides  42  and  44,  and  anti  wear   cha rac t e r i s t i c   of  its  edge  portion  40,  a s  

well   as  being  s a t i s f a c t o r y   with  regard  to  the  s c u f f i n g   and  s e i z u r e  

r e s i s t a n c e   c h a r a c t e r i s t i c s   t h e r e o f .  

25 
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i  ne  s e c o n d   p r e i e r r e a   e m b o d i m e n t ,   and  C o m p a r i s o n   E x a m p l e s  

s  Now,  the  second  p r e f e r r e d   embodiment  of  the  f iber   r e i n f o r c e d  

metal  c o m p r e s s o r   vane  of  the  present   invention  will  be  desc r ibed   in  

5  concrete   t e r m s ,   along  with  other  compar ison  examples .   In  this  s e c o n d  

p r e f e r r e d   embod imen t   and  its  compar ison   samples ,   the  r e i n f o r c i n g  

mate r i a l   used  was  a  quantity  of  alumina  short  f iber   ma te r i a l   of  a  type 
made  by  ICI  K.K.,  which  had  average  f iber   length  of  a p p r o x i m a t e l y  
1  mm  and  ave rage   f iber   d i amete r   of  approx imate ly   3  mic rons ,   and 

10  which  was  composed  of  approximate ly   95%  by  weight  A1203  and  b a l a n c e  

substant ia l ly   Si02.   F r o m   this  alumina  short  f iber   ma te r i a l   there  w e r e  

p repa red ,   subs tan t i a l ly   as  before   except  that  the  f iber   vo lume 

propor t ions   were   now  approximate ly   7%  in  each  case,  four  d i f f e r e n t  

short  f iber   m a t e r i a l   p r e f o r m s ,   again  as  shown  in  Figs.   3  through  6  

5  with  the  same  app rox ima te   dimensions  as  before ,   and  with  the  s a m e  
or ienta t ions   of  the  short   f ibers   in  each  p r e f o r m .   Again,  these  f o u r  

p r e f o r m s   were   m a n u f a c t u r e d   by  per  se  conventional  methods  which  w i l l  

not  be  p a r t i c u l a r l y   d i s cus sed   h e r e i n .  

0  Next,  each  of  these  four  p r e f o r m s   50,  52,  54,  and  56  w a s  

subjected  to  a  high  p r e s s u r e   casting  process ,   substant ia l ly   as  b e f o r e  

except  that  the  ma t r ix   metal  utilized  was  a  magnes ium  alloy  of  type 
JIS  s tandard  MC2.  The  pa r t i cu l a r   details  of  this  casting  p rocess ,   and 

of  the  subsequent   p r o c e s s i n g   steps  for  the  resul tant   pieces  of  c o m p o s i t e  

5  mater ia l ,   will  not  be  pa r t i cu la r ly   discussed  herein,   since  they  a r e  

s imi lar   or  identical   to  those  pract iced  for  the  f i r s t   p r e f e r r e d  



embod imen t   ana  ior   us  uumpanaui .   « .uV  —   , 

convent ional .   The   resul t ing  m a t e r i a l   p ieces   were ,   as  be fo re ,   m a c h i n e d  

using  per  se  conventional  p r o c e s s e s   such  as  shaving  and  the  l ike,  so  a s  

to  f o rm  four  vanes  such  as  shown  in  Fig.  2,  cor responding   to  t h e  

p r e f o r m s   as  shown  in  the  a p p r o p r i a t e   ones  of  Figs.   3  through  6.  

Again,  the  one  of  these  vanes,  the  r e i n f o r c i n g   f ibe r s   of  which  h a d  

o r i en ta t ion   A,  was  an  embodiment   -  the  second  p r e f e r r e d   embodiment   -  

of  the  p re sen t   invention,  while  on  the  other  hand  the  other  three  o f  

these  vanes,   the  re inforc ing   f i be r s   of  which  had  o r ien ta t ions   B,  C  and  

,  D  r e spec t ive ly ,   were   not  embodiments   of  the  p r e s e n t   invention,  but  on  

the  con t r a ry   we re   a  second  set  of  c o m p a r i s o n   s a m p l e s .  

Each  of  these  vanes  36  in  turn  was  subjected  to  a s s e s s m e n t   t e s t s  

to  evaluate  the  bending  s t rength   c h a r a c t e r i s t i c ,   .the  wear   r e s i s t a n c e  

5  c h a r a c t e r i s t i c ,   and  the  scuf f ing   and  s e i zu re   r e s i s t a n c e   c h a r a c t e r i s t i c s  

t he reo f ,   of  the  same  general   na tu re   as  in  Ihe  case  of  the  f i r s t  

p r e f e r r e d   embodiment   and  of  its  c o m p a r i s o n   examples ,   detailed  above.  

In  this  case,  the  ma te r i a l s   which  w e r e   used  for  the  rotor  member   26 

and  for  the  hollow  cylinder  m e m b e r   2  of  the  c o m p r e s s o r   w e r e ,  

»0  r e spec t ive ly ,   a  high  silicon  type  a luminum  alloy  of  type  JIS  A390,  and  a  

t e m p e r e d   chromium  steel  of  type  JIS  s tandard   S C r 2 0 .  

The  resul t s   of  these  tests   will  not  be  detailed  at  length  h e r e i n ,  

in  view  of  the  des i rabi l i ty   of  conc i s enes s   of  d i sc losure ;   su f f i ce   it  t o  

25  say  as  a  s u m m a r y   that  the  vane  whose   const i tuent   short   r e i n f o r c i n g  

f i be r s   had  f iber   or ientat ion  A,  i.e.  the  second  p r e f e r r e d   embodiment  o f  
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uuS,  . « .uUU;ea   meiai  c o m p r e s s o r   vane  of  the  present   i nven t ion ,  

was  c lear ly   super ior   in  overall   c h a r a c t e r i s t i c s   to  the  other  three   v a n e s ,  
whose  constituent  short  r e i n fo r c ing   f ibe r s   had  f iber  o r ien ta t ions   B,  C,  
and  D,  i.e.  these  f i r s t   through  third  compar ison   example  vanes.  In 

5  other  words,   each  of  these  f i r s t   through  third  compar ison   e x a m p l e  
vanes  was  deficient   in  one  or  more  required  p e r f o r m a n c e  

c h a r a c t e r i s t i c s ,   and  only  the  second  p r e f e r r e d   embodiment   of  the  f i b e r  
r e in fo rced   metal  c o m p r e s s o r   vane  of  the  present   invention  w a s  
s a t i s f a c t o r y   with  regard  to  all  of:  bending  s t rength  c h a r a c t e r i s t i c ,   an t i  

10  wear   c h a r a c t e r i s t i c s   of  its  two  sides  42  and  44,  and  anti  w e a r  
c h a r a c t e r i s t i c   of  its  edge  portion  40,  as  well  as  being  s a t i s f a c t o r y   w i t h  

regard  to  the  scuff ing  and  se izure   r e s i s t ance   c h a r a c t e r i s t i c s   t h e r e o f .  

The  T h i r d   p r e f e r r e d   Embod imen t ,   and  C o m p a r i s o n   E x a m p l e s  

5  

Now,  the  third  p r e f e r r e d   embodiment   of  the  f iber   r e i n f o r c e d  

metal  compres so r   vane  of  the  p resen t   invention  will  be  desc r ibed   in  

concrete   terms,   along  with  other  compar i son   examples.   In  this  t h i r d  

p r e f e r r e d   embodiment  and  its  compar i son   samples,   the  r e i n f o r c i n g  
3  mater ia l   used  was  a  quantity  of  silicon  carbide  wh i ske r   mate r ia l   of  a  

type  made  by  Tokai   Carbon  K.K.,  which  had  average  f iber   length  o f  

approximately   100  microns   and  average  f iber   d iameter   of  a p p r o x i m a t e l y  
0.3  microns.   From  this  silicon  carbide  w h i s k e r   mater ial   there  w e r e  

prepared ,   substantially  as  be fo re   except  that  the  f iber   v o l u m e  
!  propor t ions   were  now  approximate ly   25%  in  each  case,  four  d i f f e r e n t  

w h i s k e r   mater ial   p r e f o r m s ,   again  as  shown  in  Figs.  3  through  6  w i t h  



the  same  approx ima te   —  • 

o r i en ta t ions   of  the  w h i s k e r s   in  each  p r e f o r m .   Again,  these  f o u r  

p r e f o r m s   were   m a n u f a c t u r e d   by  per  se  conventional  methods  which  w i l l  

not  be  pa r t i cu la r ly   d i scussed   h e r e i n .  

Next,  each  of  these  four   p r e f o r m s   50,  52,  54,  and  56  w a s  

subjected  to  a  high  p r e s s u r e   casting  p rocess ,   substant ial ly  as  b e f o r e  

except  that  the  mat r ix   metal   ut i l ized  was  now  an  aluminum  alloy  o f  

type  JIS  s tandard  ACTA.  The   pa r t i cu l a r   details  of  this  casting  p r o c e s s ,  

and  of  the  subsequent   p r o c e s s i n g   steps  for  the  resul tant   p ieces   o f  

composi te   ma te r i a l ,   will  not  be  pa r t i cu la r ly   d iscussed  herein,  since  t h e y  

are  s imi lar   or  identical   to  those  prac t iced   for  the  f i r s t   and  s e c o n d  

p r e f e r r e d   embodiments   and  for  their  compar i son   samples ,   and  in  a n y  

case  are  per  se  conventional .   The  resul t ing  mater ia l   pieces  w e r e ,   a s  

;  b e f o r e ,   machined  using  per  se  conventional  p r o c e s s e s   such  as  s h a v i n g  

and  the  l ike,   so  as  to  fo rm  four  vanes  such  as  shown  in  Fig.  2 ,  

co r responding   to  the  p r e f o r m s   as  shown  in  the  appropr ia te   ones  o f  

Figs .   3  through  6.  Again,  the  one  of  these  vanes,  the  r e i n f o r c i n g  

f i b e r s   of  which  had  or ien ta t ion   A,  was  an  embodiment   -  the  t h i r d  

0  p r e f e r r e d   embodiment   -  of  the  p resen t   invention,  while  on  the  o t h e r  

hand  the  other  three  of  these  vanes,   the  r e in fo rc ing   f ibers   of  w h i c h  

had  or ientat ions   B.  C,  and  D  r e spec t ive ly ,   were   not  embodiments   of  t h e  

p resen t   invention,  but  on  the  con t ra ry   were   a  second  set  of  c o m p a r i s o n  

s a m p l e s .  

25  
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Jbacn  oi  inese  vanes  i t   in  turn  was  subjected  to  a s s e s s m e n t   t e s t s  

to  evaluate   the  bending  strength  c h a r a c t e r i s t i c ,   the  wear   r e s i s t a n c e  

c h a r a c t e r i s t i c ,   and  the  scuff ing  and  se izure   r e s i s t ance   c h a r a c t e r i s t i c s  

t h e r e o f ,   of  the  same  general  nature  as  in  the  case  of  the  f i r s t  

5  p r e f e r r e d   embodiment   and  of  its  compar i son   examples ,   detailed  above.  

In  this  case,  the  mater ia l   which  was  used  for  the  rotor  member   26  and 

for  the  hollow  cylinder  member   2  of  the  c o m p r e s s o r   was  in  both  c a s e s  

a  high  s i l icon  type  aluminum  alloy  of  type  JIS  A390.  

10  The  r e su l t s   of  these  tests  again  will  not  be  detailed  at  length 

here in ,   in  view  of  the  des i rabi l i ty   of  conc i seness   of  d i s c l o s u r e ;  

s u f f i c e   it  to  say  again  as  a  summary   that  the  vane  whose  cons t i tuent  

short   r e i n f o r c i n g   f ibers   had  fiber  or ienta t ion  A,  i.e.  the  third  p r e f e r r e d  

embod imen t   of  the  fiber  r e in fo rced   metal   c o m p r e s s o r   vane  of  the 

i5  p r e s e n t   invention,  was  clearly  super ior   in  overal l   c h a r a c t e r i s t i c s   to  the 

other  three   vanes,  whose  constituent  short   r e in fo rc ing   f ibers   had  f i b e r  

o r i en t a t i ons   B,  C,  and  D,  i.e.  these  f i r s t   through  third  c o m p a r i s o n  

example   vanes.  In  other  words,   each  of  these  f i r s t   through  th i rd  

c o m p a r i s o n   example  vanes  was  def ic ien t   in  one  or  more  r e q u i r e d  

!0  p e r f o r m a n c e   c h a r a c t e r i s t i c s ,   and  only  the  third  p r e f e r r e d   embodiment  

of  the  f iber   r e in fo rced   metal  c o m p r e s s o r   vane  of  the  present   invention 

was  s a t i s f a c t o r y   with  regard  to  all  of:  bending  s t rength  c h a r a c t e r i s t i c ,  

anti  wea r   c h a r a c t e r i s t i c s   of  its  two  sides  42  and  44,  and  anti  w e a r  

c h a r a c t e r i s t i c   of  its  edge  portion  40,  as  well  as  being  s a t i s f ac to ry   wi th  

5  r egard   to  the  scuf f ing   and  seizure  r e s i s t ance   c h a r a c t e r i s t i c s   t h e r e o f .  



The  Fourth  p r e i e r r e a   c m p o a i m e i n ,   a im  

Now,  the  fourth  p r e f e r r e d   embodiment   of  the  fiber  r e i n f o r c e d  

metal   c o m p r e s s o r   vane  of  the  p resen t   invention  will  be  desc r ibed   i n  

>  concre te   t e rms ,   along  with  other   compar i son   examples.   In  this  f o u r t h  

p r e f e r r e d   embodiment   and  its  compar i son   samples ,   the  r e i n f o r c i n g  

ma te r i a l   used  was  a  quanti ty  of  si l icon  nitride  w h i s k e r   ma te r i a l   of  a  

type  made  by  Tateho  Chemica l   K.K.,  which  had  average  f iber   length  o f  

approx imate ly   100  m ic rons   and  average   f iber   d iameter   of  a p p r o x i m a t e l y  

0  1  micron.   From  this  s i l icon  ni tr ide  w h i s k e r   mater ia l   there   w e r e  

p r epa red ,   substant ia l ly   as  b e f o r e   except  that  the  f iber   vo lume  

p ropor t ions   were   now  app rox ima te ly   40%  in  each  case,  four  d i f f e r e n t  

w h i s k e r   mate r ia l   p r e f o r m s ,   again  as  shown  in  Figs.  3  through  6  w i t h  

the  same  approximate   d imens ions   as  before ,   and  with  the  s a m e  

l5  o r ien ta t ions   of  the  w h i s k e r s   in  each  p r e f o r m .   Again,  these  f o u r  

p r e f o r m s   were   m a n u f a c t u r e d   by  per  se  conventional  methods  which  w i l l  

not  be  pa r t i cu la r ly   d i s cus sed   h e r e i n .  

Next,  each  of  these  four   p r e f o r m s   50,  52,  54,  and  56  w a s  

20  subjected  to  a  high  p r e s s u r e   casting  p rocess ,   substantial ly  as  b e f o r e  

except  that  the  mat r ix   metal   uti l ized  was  now  an  aluminum  alloy  o f  

type  JIS  s tandard  AC8A.  The   p a r t i c u l a r   details  of  this  casting  p r o c e s s ,  

and  of  the  subsequent   p r o c e s s i n g   steps  for  the  resul tant   pieces  o f  

composi te   mater ia l ,   will  not  be  pa r t i cu la r ly   d iscussed   herein,   since  they  

25  are  s imi la r   or  identical   to  those  pract iced  for  the  f i r s t   through  t he  

third  p r e f e r r e d   embodiments   and  for  their  compar ison   samples ,   and  i n  
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any  case  are  per  se  conventional ,   i  he  result ing  mate r ia l   p ieces   w e r e ,  

as  before,   machined  using  per  se  conventional  p r o c e s s e s   such  a s  

shaving  and  the  l ike,  so  as  to  form  four  vanes  such  as  shown  in  F i g .  

2,  corresponding  to  the  p r e f o r m s   as  shown  in  the  appropr i a t e   ones  o f  

5  Figs.  3  through  6.  Again,  the  one  of  these  vanes,  the  r e i n f o r c i n g  

f ibers   of  which  had  or ien ta t ion   A,  was  an  embodiment   -  the  f o u r t h  

p r e f e r r e d   embodiment   -  of  the  p resen t   invention,  while  on  the  o t h e r  

hand  the  other  three  of  these  vanes,  the  r e in fo rc ing   f i b e r s   of  w h i c h  

had  or ientat ions  B,  C,  and  D  respec t ive ly ,   were  not  embod imen t s   of  t he  

10  present   invention,  but  on  the  cont rary   were   a  second  set  of  c o m p a r i s o n  

s a m p l e s .  

Each  of  these  vanes  36  in  turn  was  subjected  to  a s s e s s m e n t   t e s t s  

to  evaluate  the  bending  s t rength  cha rac t e r i s t i c ,   the  wear   r e s i s t a n c e  

[5  cha rac te r i s t i c ,   and  the  s cu f f ing   and  seizure   r e s i s t ance   c h a r a c t e r i s t i c s  

thereof,   of  the  same  genera l   nature  as  in  the  case  of  the  f i r s t  

p r e f e r r e d   embodiment   and  of  its  compar ison  examples,   detai led  a b o v e .  

In  this  case,  again,  the  ma te r i a l   which  was  used  for  the  rotor   m e m b e r  

26  and  for  the  hollow  cyl inder  member   2  of  the  c o m p r e s s o r   was  in  

>0  both  cases  a  high  silicon  type  aluminum  alloy  of  type  JIS  A390.  

The  resul ts   of  these  tests  again  will  not  be  detailed  at  l e n g t h  

herein,  in  view  of  the  des i rab i l i ty   of  conciseness   of  d i s c l o s u r e ;  

suf f ice   it  to  say  again  as  a  summary   that  the  vane  whose  c o n s t i t u e n t  

|5  short  r e in forc ing   f ibers   had  fiber  orientation  A,  i.e.  the  f o u r t h  

p r e f e r r e d   embodiment  of  the  f iber  re in forced   metal  c o m p r e s s o r   v a n e  
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of  the  p r e s e n t   invention,  was  c i e a n y   suj jchui   m  o v w a u   u . a . ^ w . u w  

to  the  other   t h r ee   vanes,  whose  const i tuent   short  r e i n f o r c i n g   f i b e r s   h a d  

f iber   o r i e n t a t i o n s   B,  C,  and  D,  i.e.  these  f i r s t   through  third  c o m p a r i s o n  

example   vanes.   In  o ther   words ,   each  of  these  f i r s t   through  t h i r d  

c o m p a r i s o n   example   vanes  was  def ic ient   in  one  or  more   r e q u i r e d  

p e r f o r m a n c e   c h a r a c t e r i s t i c s ,   and  only  the  fourth  p r e f e r r e d   e m b o d i m e n t  

of  the  f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  of  the  p r e s e n t   i nven t ion  

was  s a t i s f a c t o r y   with  regard   to  all  of:  bending  s t rength   c h a r a c t e r i s t i c ,  

anti  w e a r   c h a r a c t e r i s t i c s   of  its  two  sides  42  and  44,  and  anti  w e a r  

D  c h a r a c t e r i s t i c   of  its  edge  port ion  40,  as  well  as  being  s a t i s f a c t o r y   w i t h  

regard  to  the  s c u f f i n g   and  se izure   r e s i s t ance   c h a r a c t e r i s t i c s   t h e r e o f .  

C o n c l u s i o n  

5  This   f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  accord ing   to  t h e  

p resen t   invention,   in  its  various  p r e f e r r e d   embodiments ,   was  t h u s  

shown  to  have  s u p e r i o r   p e r f o r m a n c e   c h a r a c t e r i s t i c s   with  regard   t o  

bending  s t r eng th   c h a r a c t e r i s t i c ,   anti  wear   c h a r a c t e r i s t i c s   of  its  t w o  

sides,  anti  w e a r   c h a r a c t e r i s t i c   of  its  edge  port ion,   and  also  an t i  

20  scu f f ing   c h a r a c t e r i s t i c   and  anti  se izure   c h a r a c t e r i s t i c .   It  is  c o n s i d e r e d  

to  have  been  amply  demons t r a t ed ,   in  the  light  of  the  var ious   c o m p a r i s o n  

examples ,   that  this  overal l   improvement   in  p e r f o r m a n c e   c h a r a c t e r i s t i c s  

is  due  to  the  choice  of  or ienta t ion  for  the  r e i n f o r c i n g   f i b e r s  

incorpora ted   in  the  ma te r i a l   of  said  c o m p r e s s o r   vanes.  This  i s  

25  thought  to  be  because ,   according  to  such  a  f iber   r e i n f o r c e d   m e t a l  

c o m p r e s s o r   vane  as  spec i f ied   in  the  claims  to  this  patent  app l i ca t ion ,  
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diuuc  U1C  u i i c iuauuu   01  me  i iDers   or  said  re in forc ing   short  f i b e r  

ma te r i a l ,   when  said  vane  is  f i t ted  to  the  c o m p r e s s o r   rotor,   is  g e n e r a l l y  

tw,o  d imensional ly   random  and  i so t rop ic   in  planes  pe rpendicu la r   both  to  
the  opposite  side  s u r f a c e s   t h e r e o f   and  also  to  the  edge  portion  t h e r e o f  

5  and  thus  substant ia l ly   p e r p e n d i c u l a r   to  the  longitudinal  direction  of  s a i d  

rotor ,   thereby  these  r e i n f o r c i n g   short   f ibers ,   where   they  meet  s a i d  

opposite  side  su r f aces   and  said  edge  portion  of  said  rotor,   are  o v e r a l l  

on  average   angled  at  the  max imum  amount  with  respec t   to  said  s u r f a c e s  

of  said  vane,  which  are  the  s u r f a c e s   of  said  vane  which  p a r t i c u l a r l y  
.0  undergo  sliding  fr ict ion  during  use  of  the  c o m p r e s s o r .   That  is  to  say ,  

other  or ienta t ions   for  the  r e i n f o r c i n g   short  f ibers   might  increase   the  

average   angle  which  said  r e i n f o r c i n g   short  f ibers   might  make  at  one  o f  
these  su r f aces ,   but  only  at  the  expense  of  the  average  angle  which  s a i d  

r e in fo r c ing   short  f ibers   might  make   at  the  other  of  said  su r faces ;   the  

5  spec i f ied   orientat ion  for  the  r e i n f o r c i n g   short  f iber   mater ia l   is  the  one 
which  maximizes   the  minimum  average  angle  which  said  r e i n f o r c i n g  
short   f ibers   make  at  both  of  these  s u r f a c e s .   It  is  considered  to  be  a  

consequence  for  the  anti  wea r   c h a r a c t e r i s t i c s   and  the  anti  scuff ing  and 
anti  se izure   c h a r a c t e r i s t i c s   of  this  vane  and  the  c o m p r e s s o r  

0  incorpora t ing   it  to  have  been  s igni f icant ly   enhanced;  and  this  w a s  
ver i f i ed   by  the  exper imenta l   tests  detailed  above.  Fur ther ,   since  the 

r e in fo rc ing   short  f ibers   are  genera l ly   oriented  on  planes  which  a r e  

pe rpend icu la r   to  the  direct ion  ( t aken   as  a  vector)   of  the  bending  s t r e s s  

to  which  the  vane  is  subjected  by  the  rotor  during  use  of  the  

5  c o m p r e s s o r ,   it  is  cons idered   that  this  is  the  reason  for  the  

demons t ra t ed   s ignif icant   improvement   in  the  bending  strength  of  the 
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vane,  which  as  a  mat te r   of  course   fu r the r   i nc reases   its  d u r a b i l i t y .  

T h e r e b y ,   as  a  whole,  the  durabi l i ty   of  a  c o m p r e s s o r   including  this  v a n e  

is,  notably  enhanced,  and,  s ince  f u r t h e r   it  becomes   possible  to  r e d u c e  

the  t h i c k n e s s   of  the  vane  in  accordance   with  the  i m p r o v e d  

c h a r a c t e r i s t i c s   the reof ,   thereby   the  swept   volume  of  the  compres s ion   o r  

pumping  chambers   of  the  c o m p r e s s o r   can  be  s ignif icant ly  i n c r e a s e d ,  

wi thout   making   the  c o m p r e s s o r   as  a  whole  more   bulky  or  heavier .   A s  

a  resul t ,   the  pumping  capaci ty  of  the  c o m p r e s s o r   can  be  d e s i r a b l y  

enhanced  to  a  s ign i f ican t   e x t e n t .  

3 

Although  the  p re sen t   invention  has  been  shown  and  descr ibed   i n  

t e r m s   of  the  p r e f e r r e d   embod imen t s   thereof ,   and  with  r e f e r e n c e   to  t h e  

appended  d rawings ,   it  should  not  be  considered  as  being  p a r t i c u l a r l y  

l imi ted   thereby,   since  the  deta i ls   of  any  pa r t i cu la r   embodiment,   or  o f  

5  the  d r awings ,   could  be  var ied   without,   in  many  cases,   depart ing  f r o m  

the  ambit  of  the  p r e s e n t   invention.  Accordingly,   the  scope  of  t h e  

p r e s e n t   invention  is  to  be  cons ide red   as  being  delimited,  not  by  a n y  

p a r t i c u l a r   perhaps   ent i re ly   fo r tu i tous   details  of  the  disclosed  p r e f e r r e d  

embodiment s ,   or  of  the  d r a w i n g s ,   but  solely  by  the  scope  of  t h e  

20  accompanying   c la ims,   which  f o l l o w .  

25 
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W H A T   I S   C L A I M E D   I S :  

5  

1.  For  a  vane  type  c o m p r e s s o r   compr i s ing   a  rotor  rotatably  moun ted  

about  a  longitudinal  axis  within  a  hollow  cyl indr ical   housing  m e m b e r ,  

10  and  formed  with  a  general ly  radial ly  extending  s lo t :  

a  c o m p r e s s o r   vane,  fo rmed  genera l ly   in  a  slab  shape,  having  t w o  

opposite  substantial ly  mutually  pa ra l l e l   side  s u r f a c e s   for  sliding  a g a i n s t  

the  s u r f a c e s   of  said  slot  in  said  rotor,   and  fu r the r   having  an  edge  

15  portion,  substantial ly  pe rpend icu l a r   to  its  said  side  s u r f a c e s ,   for  s l id ing  

against  the  inner  su r f ace   of  said  hollow  cyl indrical   c o m p r e s s o r   hous ing  

m e m b e r ;  

said  vane  being  manufac tu red   f rom  a  matr ix   of  metal  r e in fo rced   w i t h  

20  short  f iber   material ,   with  the  or ientat ion  of  the  f ibers   of  s a i d  

re in forc ing   short  f iber  ma te r i a l   being  general ly  two  d i m e n s i o n a l l y  

random  and  isotropic  in  planes  pe rpend icu la r   both  to  said  opposite  s i d e  

su r faces   thereof   and  to  said  edge  port ion  t h e r e o f .  

25 
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For   a  vane  type  compres so r   compr is ing   a  ro ior   roiaiauiy  m u u i m w  

x)ut  a  longi tudinal   axis  within  a  hollow  cy l ind r i ca l   housing  m e m b e r ,  

nd  f o r m e d   with  a  general ly  radially  extending  s l o t :  

c o m p r e s s o r   vane,  formed  generally  in  a  r e c t a n g u l a r   p a r a l l e l o p i p e d a l  

lab  shape,   for  being  inserted  in  said  genera l ly   radia l ly   extending  s l o t  

f  said  ro tor ,   and  having  two  opposite  substant ia l ly^   mutual ly   p a r a l l e l  

ide  s u r f a c e s   for ,   when  said  vane  is  thus  f i t ted  to  said  ro tor   of  s a i d  

o m p r e s s o r ,   extending  in  planes  subs tant ia l ly   rad ia l   and  s u b s t a n t i a l l y  

ongitudinal   to  said  rotor   and  sliding  against   the  s u r f a c e s   of  said  slot  i n  

;aid  ro tor ,   and  fu r the r   having  a  side  edge  por t ion,   s u b s t a n t i a l l y  

»erpendicular   to  its  said  side  su r f aces   and  joining  them,   for,  when  s a i d  

rane  is  thus  f i t ted  to  said  rotor  of  said  c o m p r e s s o r ,   extending  in  a  

>lane  subs t an t i a l l y   c i r c u m f e r e n t i a l   and  subs tan t i a l ly   longi tudinal   of  s a i d  

rotor  and  for   sliding  against  the  inner  s u r f a c e   of  said  h o l l o w  

;y l indr ica l   c o m p r e s s o r   housing  m e m b e r ;  

said  vane  being  manufac tu r ed   f rom  a  mat r ix   of  meta l   r e i n f o r c e d   w i t h  

short   f i be r   m a t e r i a l ,   with  the  or ien ta t ion   of  the  f ibe r s   of  s a id  

r e i n f o r c i n g   shor t   f iber   mater ial   being  genera l ly   two  d i m e n s i o n a l l y  

random  and  i so t rop ic   in  planes  pe rpend icu la r   both  to  said  opposite  s i d e  

s u r f a c e s   t h e r e o f   and  to  said  edge  por t ion  t h e r e o f   and  s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to  the  longitudinal  d i rect ion  of  said  ro to r ,   when  said  vane  

is  f i t ted  to  said  rotor   of  said  c o m p r e s s o r .  
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3.  A  f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane  according  to  any  one  

of  claim  1  or  claim  2,  where in   said  matrix  metal  is  magnes ium  a l l o y .  

> 

5 

4.  A  f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane  according  to  any  one  

of  claim  1  or  claim  2,  where in   said  matrix  metal  is  a luminum  ' a l l o y .  

10 

5.  A  f iber   r e i n f o r c e d   metal  c o m p r e s s o r   vane  according  to  claim  3, 

wherein  said  r e i n fo r c ing   f iber   mater ia l   is  alumina  short  f iber   m a t e r i a l .  

15 

6.  A  fiber  r e in fo rced   metal  c o m p r e s s o r   vane  according  to  claim  4,  

20  wherein  said  r e in fo rc ing   f iber   mater ia l   is  a lumina - s i l i ca   short   f i b e r  

m a t e r i a l .  

25 
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J.  A  f i b e r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  accord ing   to  claim  b, 

where in   said  r e i n f o r c i n g   a l u m i n a - s i l i c a   shor t   f i be r   ma te r i a l   has  a  

subs tan t ia l   p e r c e n t a g e   of  c rys ta l l ine   c o n t e n t .  

8.  A  f i b e r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  accord ing   to  claim  7, 

w h e r e i n   said  r e i n f o r c i n g   a l umina - s i l i c a   short   f ibe r   ma te r i a l   has  a  

LO  subs t an t i a l   p e r c e n t a g e   of  the  mullite  c ry s t a l l i ne   c o n t e n t .  

15  9.  A  f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  accord ing   to  claim  4,  

w h e r e i n   said  r e i n f o r c i n g   fiber  ma te r i a l   is  s i l icon  carbide   w h i s k e r  

m a t e r i a l .  

20 

10.  A  f i be r   r e i n f o r c e d   metal  c o m p r e s s o r   vane  according   to  claim  4, 

w h e r e i n   said  r e i n f o r c i n g   f iber  ma te r i a l   is  s i l icon  ni t r ide  w h i s k e r  

m a t e r i a l .  

25 



xi.  n  n u e r   r e i m o r c e a   meiai  c o m p r e s s o r   vane  according  to  any  one 

of  claim  1  or  claim  2,  wherein  the  volume  propor t ion  of  s a id  

r e i n f o r c i n g   f iber   ma te r i a l   is  from  about  5%  to  about  50%. 
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