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(§5)  Air-powered  motor  and  a  rotor  therefor. 

The  present  invention  is  directed  to  an  air-powered 
motor  and  a  turbine  rotor  therefor  which  can  be  used  to 
drive  small  power  tools,  such  as  a  vacuum  cleaner  floor  tool, 
a  sander  or  a  grinder,  and  in  which  the  motor  can  be 
coupled  to  a  household  vacuum  cleaner  to  provide  a  source 
of  vacuum  or  forced  air  to  drive  the  turbine  rotor.  The 
turbine  rotor  has  a  structure  which  substantially  increases 
the  efficiency  of  the  motor  as  compared  to  prior  art  devices 
and,  in  particular,  the  motor  comprises  a  housing  having  a 
turbine  chamber,  an  air  inlet  and  an  air  outlet.  The  turbine 
rotor  is  rotatably  mounted  in  the  chamber,  the  turbine  rotor 
having  a  plurality  of  turbine  blades  extending  from  the  outer 
surface  of  the  rotor  towards  the  interior  thereof.  A  plurality 
of  turbine  buckets  are  formed  in  the  rotor,  the  top  and 
bottom  of  the  buckets  being  formed  by  a  semi-circular  wall. 
The  structural  elements  which  form  the  buckets  are 
positioned  with  respect  to  one  another  such  that  the  bucket 
angle  of  the  bucket β @  60°,  the  bucket  radius  ratio 

RO-RB RO @  0.44  and  the  blade  inlet  angle  a g  27°.  Further- 

more,  the  turbine  rotor  is  balanced  to  further  enhance  the 
efficiency  of  the  motor. 



The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  an  a i r - p o w e r e d  

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

a i r - p o w e r e d   m o t o r   and  r o t o r   t h e r e f o r   w h i c h   can  be  u s e d  

to  d r i v e   s m a l l   power   t o o l s ,   such   as  a  f l o o r   t o o l   f o r   a 

vacuum  c l e a n e r ,   a  s a n d e r   or  a  g r i n d e r ,   w h e r e i n   t h e  

a i r - p o w e r e d   m o t o r   u s e s   a  s o u r c e   of  power   such   as  a 

vacuum  c l e a n e r .  

P r i o r   a r t   a i r - p o w e r e d   m o t o r s ,   d r i v e n   by  a  v a c u u m  

c l e a n e r ,   f o r   e x a m p l e ,   a r e  k n o w n   in  t he   a r t ,   such  as  t h o s e  

shown  in  U.S.   P a t e n t   2 , 9 6 3 , 2 7 0 ,   U.S .   P a t e n t   2 , 9 6 2 , 7 4 8  

( w h i c h   is  a  CIP  of  U .S .   P a t e n t   2 , 9 6 3 , 2 7 0 ) ,   and  U . S .  

P a t e n t   3 , 0 0 5 , 2 2 4 .   Yet   a n o t h e r   e x a m p l e   o f   such   a  d e v i c e   i s  

shown  in  U.S.   P a t e n t   3 , 0 0 4 , 1 0 0 .   T h e s e   p r i o r   a r t   d e v i c e s  

have   t u r b i n e s   w h i c h   c o m p r i s e   a  h o u s i n g ,   w h i c h   fo rms   t h e  

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

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

m o u n t e d   b e t w e e n   two  s i d e   m e m b e r s ,   the   b l a d e s   and  the   s i d e  

m e m b e r s   f o r m i n g   t u r b i n e   b u c k e t s   w h i c h   a r e   open  on  t h e  

p e r i p h e r y   of  the   r o t o r   and  a re   c l o s e d   a t   t h e i r   r e a r   e n d s  

by  a  b o t t o m   wa l l   m e m b e r .   Th is   r e a r   w a l l   member  may  b e  

s e m i - c i r c u l a r ,   as  is  i l l u s t r a t e d   in  U .S .   P a t e n t  

2 , 9 6 3 , 2 7 0 .  



In  t h e s e   p r i o r   a r e ' d e v i c e s ,   t he   r o t o r s   have  b e e n  

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

such   as  b u c k e t   a n g l e ,   b u c k e t   r a d i u s   r a t i o ,   b l a d e   i n l e t  

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

w h i c h   a f f e c t   t he   m o t o r   e f f i c i e n c y .   The  o p e r a t i o n   of   t h e  

p r i o r   a r t   d e v i c e s ,   e s p e c .   known  f l o o r   t o o l s   is  u n -  

s a t i s f a c t o r y   b e c a u s e   the   t u r b i n e   m o t o r   does   n o t  

g e n e r a t e   e n o u g h   power   to  d r i v e   a  r o t a r y   b r u s h  t o   w h i c h  

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

p r o p e r l y   p e r f o r m .   A  known  f l o o r   t o o l   has  a  b u c k e t   a n g l e  

β  =  8 2 0 ,   a  r o t o r   b l a d e   r a t i o  and  a 

b l a d e   i n l e t   a n g l e   @  =   3 9 ° .   T h i s   u n i t   has  a n  

e f f i c i e n c y   of   35%.  

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

has  a  b u c k e t   a n g l e   β  = 6 7 . 5 0 ,   a  b u c k e t   r a d i u s  

r a t i o  and  a  b l a d e   i n l e t   a n g l e  d  =   3 0 0 .  

Th i s   u n i t   has  an  e f f i c i e n c y   of   25%.  

T a n g e n t i a l   b u c k e t s   a re   o ld   in  l a r g e   t u r b i n e s ,   as  s h o w n  

in  U.S .   P a t e n t   9 6 6 , 1 5 7 .   The  d e s i g n   c o n s i d e r a t i o n s   i n  

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

the   p r e s e n t   i n v e n t i o n   b e c a u s e   of  t he   s i z e   c o n s i d e r a t i o n s ,  

and  t h e s e   p r i o r   a r t   l a r g e   t u r b i n e s   do  not   have   t h e  

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

p r e s e n t   i n v e n t i o n .  

I t   is  t h e   p r i m a r y   o b j e c t   of   t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r  

t h e r e f o r   in  w h i c h   the   t u r b i n e   b u c k e t s   of  t he   r o t o r   h a v e  

a  s t r u c t u r e   w h i c h   s i g n i f i c a n t l y   e n h a n c e s   the   e f f i c i e n c y  

of  t he   a i r - p o w e r e d   m o t o r .  



I t   i s  a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r   t h e r e f o r  

w h e r e i n   the   b u c k e t   a n g l e   of  the   t u r b i n e   b u c k e t s   i s  

β  @   6 0 ° .  

I t   is  s t i l l   a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r   t h e r e f o r  

in  w h i c h   the   r a d i u s   r a t i o   of  the   t u r b i n e   b u c k e t s   i s  

I t   is  a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r   t h e r e f o r  

w h e r e i n   the   b l a d e   i n l e t   a n g l e   @  @   2 7 0 .  

I t   is  s t i l l   a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r   t h e r e f o r  

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

i t s   r o t a t i o n a l   a x i s .  

I t   is  s t i l l   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  a i r  - p o w e r e d   m o t o r   and  a  t u r b i n e   r o t o r  

t h e r e f o r   w h i c h   can  be  d r i v e n   by  a  vacuum  s o u r c e ,   s u c h  

as  a  vacuum  c l e a n e r ,   t he   a i r - p o w e r e d   m o t o r   b e i n g   u s e d  

to  d r i v e   s m a l l   p o w e r   t o o l s ,   such   as  a  vacuum  c l e a n e r  

f l o o r  t o o l ,   a  s a n d e r   or  a  G r i n d e r .  

I t   is  s t i l l   a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  t u r b i n e   r o t o r  t h e r e f o r  

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

be  d r i v e n   by  a  s i n g l e   vacuum  c l e a n e r .  

I t   is  s t i l l   a  f u r t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  a i r - p o w e r e d   m o t o r   and  r o t o r   t h e r e f o r   w h i c h  



i s ' i n e x p e n s i v e ,   l i g h t - w e i g h t   and  s i m p l e   t o  

m a n u f a c t u r e .  

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  an  a i r - p o w e r e d .  

m o t o r   and  a  t u r b i n e   r o t o r   t h e r e f o r   wh ich   can  be  u s e d  

to  d r i  v e   s m a l l   power   t o o l s ,  s u c h   as  a  vacuum  c l e a n e r   f l o o r   t o o l ,  

a  s a n d e r   or  a  g r i n d e r ,   and  in  w h i c h   the   m o t o r   can  b e  

c o u p l e d   to  a  vacuum  c l e a n e r   to  p r o v i d e   a  s o u r c e   o f  

vacuum  or  f o r c e d   a i r   to  d r i v e   t he   t u r b i n e   r o t o r .   T h e  

t u r b i n e   r o t o r   has  a  s t r u c t u r e   w h i c h   s u b s t a n t i a l l y  

i n c r e a s e s   t he   e f f i c i e n c y   o f   t h e   m o t o r   as  c o m p a r e d   t o  

p r i o r   a r t   d e v i c e s   and ,   in  p a r t i c u l a r ,   the   m o t o r  

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

i n l e t   and  an  a i r   o u t l e t .   The  t u r b i n e   r o t o r   is   r o t a t a b l y  

m o u n t e d   in  t he   c h a m b e r ,   t h e   t u r b i n e   r o t o r   h a v i n g   a 

p l u r a l i t y   of  t u r b i n e   b l a d e s   e x t e n d i n g   f rom  the   o u t e r  

s u r f a c e   of   t he   r o t o r   t o w a r d s   t he   i n t e r i o r   t h e r e o f .   A 

p l u r a l i t y   of  t u r b i n e   b u c k e t s   a r e   f o r m e d   in  t he   r o t o r ,  

the   top   and  b o t t o m   of  t he   b u c k e t s   b e i n g   f o r m e d   by  t h e  

t u r b i n e   b l a d e s ,   the   s i d e s   of  t h e   b u c k e t s   b e i n g   f o r m e d  

by  t he   s i d e s   of  the   r o t o r   and  t he   r e a r   wa l l   or  b o t t o m  

of  t h e   b u c k e t s   b e i n g   f o r m e d   by  a  s e m i c i r c u l a r   w a l l .  

The  s t r u c t u r a l   e l e m e n t s   w h i c h   fo rm  the   b u c k e t s   a r e  

p o s i t i o n e d - w i t h   r e s p e c t   to  one  a n o t h e r   such   t h a t   t h e  

b u c k e t   a n g l e   of  the   b u c k e t  β  @   6 0 °  ,   t he   b u c k e t  

r a d i u s  a n d  

the   b l a d e   i n l e t   a n g l e   @  @   270 .   F u r t h e r m o r e ,   t he   t u r b i n e  

r o t o r   is  d y n a m i c a l l y   b a l a n c e d   a b o u t   i t s   r o t a t i o n a l   a x i s  

to  f u r t h e r   e n h a n c e   the   e f f i c i e n c y   of  the   m o t o r .  

F i g u r e   1  is  an  e x p l o d e d   p e r s p e c t i v e   v iew  of   an  a i r -  

p o w e r e d   m o t o r   of  the   p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t  

i n v e n t i o n .  



F i g u r e   2  is  a  s e c t i o n a l   view  t h r o u g h   s e c t i o n   I - I - I I  

of  F i g u r e   1 ;  

F i g u r e   2A  is  a  s e c t i o n a l   view  t h r o u g h   s e c t i o n   I I - I I .  

of  F i g u r e   1  w i t h   a  t u r b i n e   r o t o r  i n   t he   h o u s i n g ;  

F i g u r e   3  is  a  s e c t i o n a l   view  t h r o u g h   s e c t i o n   I I I - I I I  

of  F i g u r e   1 ;  

F i g u r e   3A  is  a  s e c t i o n a l   view  t h r o u g h   s e c t i o n   I I I - I I I  

of  F i g u r e   1  w i t h  a   t u r b i n e   r o t o r   in  t h e   h o u s i n g ;  

F i g u r e   4  is  a  p e r s p e c t i v e   view  of  t h e   t u r b i n e   h o u s i n g  

of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e   5A  is  a  s i d e   v iew  of  a  t u r b i n e   r o t o r   of  t h e  

p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   5B  is  a  p a r t i a l   s i d e   v iew  of  a  t u r b i n e   r o t o r  

of  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   5C  is  a  p a r t i a l   s i d e   v iew  of   a  t u r b i n e   r o t o r  

and  the   t u r b i n e   h o u s i n g   of  the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   6  is  a  d i a g r a m   i l l u s t r a t i n g   t he   d e r i v a t i o n   o f  

the   b l a d e   i n l e t   a n g l e ;  

F i g u r e   7  is  a  s e c t i o n   t h r o u g h   a  t u r b i n e   b u c k e t   a n d  

n o z z l e   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g u r e s   8A-8F  a r e   s c h e m a t i c   d iagrams  i l l u s t r a t i n g   t h e  

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

i n v e n t i o n ;  

F i g u r e   9  is  a  g r a p h   i l l u s t r a t i n g   the   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   of  an  a i r - p o w e r e d   m o t o r   of  the   p r e s e n t  

' i n v e n t i o n ;  



F i g u r e   10  is   a  g r a p h   i l l u s t r a t i n g   the  o p e r a t i n g   r a n g e  
of  p o w e r   s o u r c e s   used   to  d r i v e   an  a i r - p o w e r e d   m o t o r   o f  

t he   p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   to  t he   d r a w i n g s ,   the   a i r - p o w e r e d   m o t o r   o f  

the   p r e s e n t   i n v e n t i o n   i n c l u d e s   a  h o u s i n g   1  w h i c h   h a s  

an  a i r   i n l e t   in  the   fo rm  of  a  n o z z l e   3,  t h e   n o z z l e  

has  a  c o n s t a n t   w i d t h   W and  a  d e c r e a s i n g   h e i g h t   H.  T h e  

h o u s i n g   f u r t h e r   i n c l u d e s   an  a i r   o u t l e t   5  w h i c h   may  b e  

c o n n e c t e d   to  a  s o u r c e   of  vacuum  6,  such  as  a  v a c u u m  

c l e a n e r .   A l t e r n a t i v e l y ,   a  s o u r c e   of  f o r c e d   a i r   8,  s u c h  

as  a  fan   or  vacuum  c l e a n e r   e x h a u s t ,   can  be  c o n n e c t e d   t o  

the   a i r   i n l e t   3  of  t he   h o u s i n g .   The  c e n t e r s   of  t h e   a i r  

i n l e t   and  t h e   a i r   o u t l e t   a r e   o f f s e t   w i t h   r e s p e c t   to  o n e  

a n o t h e r .   A  t u r b i n e   c h a m b e r   7  is  f o r m e d   w i t h i n   t h e  

h o u s i n g   1,  and  a i r   e n t e r s   t he   t u r b i n e   c h a m b e r   7  t h r o u g h  

n o z z l e   o p e n i n g   9  and  e x i t s   t h e r e f r o m   t h r o u g h   p o r t   11 

of  t he   a i r   o u t l e t   5.  T u r b i n e   r o t o r   13  is  p o s i t i o n e d  

w i t h i n   t he   t u r b i n e   c h a m b e r   7  in  the   h o u s i n g   1,  t h e   t u r b i n e  

r o t o r   13  b e i n g   r o t a t a b l y   m o u n t e d   on  s h a f t   15,   w h i c h   i s  

s u p p o r t e d   on  b e a r i n g   19  in  t he   wa l l   17  of  h o u s i n g   1.  T h e  

s h a f t   15  p a s s e s   t h r o u g h   t he   c e n t e r   of  r o t o r   13  a n d  

may  e x t e n d   f rom  the   o t h e r   s i d e   t h e r e o f ,   and  be  s u p p o r t e d  

by  a  s u i t a b l e   b e a r i n g   s t r u c t u r e   ( n o t   s h o w n )   in  w a l l   21  

of  h o u s i n g   1.  S h a f t   15  is   c o u p l e d   to  a  t o o l   or  o t h e r  

d e v i c e   10,  w h i c h   t he   m o t o r   d r i v e s   by  means  of   t h e  

r o t a t i o n   of  s h a f t   1 5 .  

R e f e r r i n g   to  F i g u r e s   5A,  5B  and  5C,  r o t o r   13  i n c l u d e s  

a  p l u r a l i t y   of  t u r b i n e   b l a d e s   23  wh ich   e x t e n d   i n w a r d l y  

f rom  t h e   r o t o r   p e r i p h e r y   25.  A d j a c e n t   b l a d e s   a r e  

c o n n e c t e d   t o g e t h e r   by  means  of  r e a r   w a l l s   or  b o t t o m s   2 7 .  

The  t u r b i n e   b l a d e s   23,   r e a r   w a l l s   27  and  t he   s i d e s   29  

of  t he   r o t o r   13  form  a  p l u r a l i t y   of  t u r b i n e   b u c k e t s  

w h i c h   a r e   open  a t   t h e i r   top  and  a r e   p o s i t i o n e d   a r o u n d  



the   p e r i p h e r y   of  t he   t u r b i n e   r o t o r   1 3 .  

R e f e r r i n g   to  F i g u r e   5B,  p o i n t   31  is  l o c a t e d   on  r e a r  

wa l l   27  a t   a  p o i n t   e q u i d i s t a n t   b e t w e e n   a d j a c e n t   b l a d e s   2 3 .  

P o i n t   33  i s   l o c a t e d   on  the   p e r i p h e r y   of  the   t u r b i n e  

r o t o r   a t   a  p o i n t   midway   b e t w e e n   the   t i p s   of  the   a d j a c e n t  

r o t o r   b l a d e s   23.  A  l i n e   35  is  drawn  b e t w e e n   t h e s e  

two  p o i n t s ,   and  a  l i n e   37  is  drawn  t a n g e n t i a l   to  t h e  

p e r i p h e r y   of   t he   r o t o r   13  a t   t he   p o i n t   a t   w h i c h   l i n e  

35  i n t e r s e c t s   t he   p e r i p h e r y .   The  a n g l e   b e t w e e n   l i n e s  

35  and  37  is   d e f i n e d   as  t he   b u c k e t   a n g l e   T h e  

b u c k e t  a n g l e  β  @   6 0 ° .  

The  b u c k e t   a n g l e  β   is  s i g n i f i c a n t   in  t h a t   i t   is  r e l a t e d  

to  t he   t a n g e n t i a l   n a t u r e   of  t h e   t u r b i n e   b l a d e s .   S i n c e  

r a d i a l   a i r   f l o w   i n t o   b u c k e t s   does   no t   p e r f o r m   any  u s e f u l  

work  in  t h e   s e n s e - o f   r o t a t i n g   the   b u c k e t   a n d , i n   f a c t ,  

has  an  a d v e r s e   e f f e c t   on  p e r f o r m a n c e   in  t h a t   is  c r e a t e s  

d r a g ,   t he   f o r m i n g   of  b u c k e t s   w h i c h   a r e   t a n g e n t i a l   i n  

n a t u r e   is  a  s i g n i f i c a n t   f a c t o r   in  e n h a n c i n g   t h e  

e f f i c i e n c y   of  t he   m o t o r   and  t h u s   is  a  c r i t i c a l   f a c t o r  

in  t he   t u r b i n e   b u c k e t   s t r c t u r e .  

R0  is  t h e  r a d i u s   f rom  t h e  c e n t e r   of  t he   t u r b i n e   r o t o r  

to  the   p e r i p h e r y  t h e r e o f ,   and  R8  i s  t h e   r a d i u s   f rom  t h e  

c e n t e r   of  t h e   t u r b i n e   b u c k e t   to  the   p o i n t   38  w h i c h   i s  

the   i n n e r m o s t   p o i n t   of  t he   i n t e r i o r   of  the   b u c k e t .   T h e  

t u r b i n e   b u c k e t   r a d i u s   r a t i o   is   d e f i n e d   a s  T h e  

t u r b i n e   b u c k e t   r a d i u s   r a t i o  

The  r a d i u s   r a t i o  is  a l s o   s i g n i f i c a n t   in  t h a t  

i t   is  a l s o   r e l a t e d   to  the   t a n g e n t i a l   n a t u r e   of  t h e  

t u r b i n e   b l a d e s .   S i n c e   r a d i a l   a i r   f l o w   i n t o   the   b u c k e t s  

does   no t   p e r f o r m   any  u s e f u l   work  in  the   s e n s e   o r  

r o t a t i n g   t h e   b u c k e t   and  in  f a c t ,   has  an  a d v e r s e   e f f e c t  

on  p e r f o r m a n c e  



in  t h a t   i t   c r e a t e s   d r a g ,   t he   f o r m i n g   of  b u c k e t s   w h i c h  

a re   t a n g e n t i a l   in  n a t u r e   is  a  s i g n i f i c a n t   f a c t o r   i n  

e n h a n c i n g   the   e f f i c i e n c y   of  t he   m o t o r   and  t h u s   i s  

a  c r i t i c a l   f a c t o r   in  t he   t u r b i n e   b u c k e t   s t r u c t u r e .   F o r  

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

t a n g e n t i a l .   H o w e v e r ,   in  o r d e r   to  form  t he   b u c k e t s   in  a 

r o t o r   f o r   use   in  an  a i r - p o w e r e d   m o t o r   f o r   s m a l l   p o w e r  
t o o l s ,   i t   is  n e c e s s a r y   to  p r o v i d e   some  c u r v a t u r e   to  t h e  

b u c k e t s .   The  b u c k e t   a n g l e  β   and  t h e ,  r a d i u s  

a r e   s i g n i f i c a n t   f a c t o r s   in  d e f i n i n g   t h e  

p e r m i s i s i b l e   c u r v a t u r e .  

R e f e r r i n g   to  F i g u r e   5C,  i t   can  be  s e e n   t h a t   t he   t u r b i n e  

n o z z l e   3  has  an  i n l e t   a r e a   Al  and  an  o u t l e t   a r e a   A2.  S i n c e  

t he   v o l u m e   of  a i r   f l o w i n g   i n t o   t he   n o z z l e   t h r o u g h   a r e a   A l  

is  t he   same  as  t he   v o l u m e   of  a i r   f l o w i n g   o u t   of  t h e  

n o z z l e   t h r o u g h   a r e a   A2,  t he   r a t i o   of  the   v e l o c i t y   of  t h e  

a i r   in  VI  to  t he   a i r   o u t   V2  is  i n v e r s e l y   p r o p o r t i o n a l  

to  t he   r a t i o   of  t h e   a r e a   in  Al  to  the   a r e a   ou t   A 2 .  

F i g u r e   6  is  a  d i a g r a m   f o r   d e t e r m i n i n g   the   b l a d e   i n l e t  

a n g l e   oC  of  the   t u r b i n e   r o t o r   b l a d e s .   One  l eg   of  t h e  

t r i a n g l e   is  p r o p o r t i o n a l   to  t h e   v e l o c i t y   VI  and  the   o t h e r  

l e g   of  t he   t r i a n g l e   is  p r o p o r t i o n a l   to  t he   v e l o c i t y   V2.  

The  n o z z l e   a n g l e   9  is   t he   a n g l e   f o r m e d   by  t he   h y p o t e n u s e  

of  t he   t r i a n g l e   and  t h e   l e g   p r o p o r t i o n a l   to  t h e  

v e l o c i t y   V1.  R e f e r r i n g   to  F i g u r e   9,  i t   can  be  s e e n   t h a t  

maximum  e f f i c i e n c y   o c c u r s   as  1 /2   of  t he   maximum  r o t o r  

s p e e d .   T h u s ,   r e f e r r i n g   back   to  F i g u r e   6,  a  s e c o n d   t r i a n g l e  

is  f o r m e d   wh ich   d e f i n e s   t h e   b l a d e   i n l e t   a n a l e  @   f o r  

o p t i m i z i n g   t he   t u r b i n e   m o t o r   e f f i c i e n c y .   R e f e r r i n g   b a c k  

a g a i n   to  F i g u r e   5B,  t he   b l a d e   i n l e t   a n g l e   @  is  d e f i n e d  

by  l i n e   39  e x t e n d i n g   t a n g e n t i a l l y   f rom  the   t i p   of  t h e  

b l a d e   23  and  by  l i n e   41  w h i c h   is  t a n g e n t   to  t h e  

p e r i p h e r y   of  t he   r o t o r   a t   t he   p o i n t   a t   wh ich   l i n e   39 

i n t e r s e c t s   t he   r o t o r .   The  r o t o r   is  c o n s t r u c t e d   so  t h a t  



the   b l a d e   i n l e t   a n g l e  @   as  d e f i n e d   in  F i g u r e   5B  is  t h a t  

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

d e t e r m i n a t i o n   made  in  F i g u r e   6.  T h e r e f o r e ,   b l a d e   i n l e t  

a n g l e   @  @   27°  and  is  p r e f e r a b l y   in  t he   r a n g e   o f  

15°@ @ @  27°  the  15°  ang le   c o r r e s p o n d i n g   to  t h e   n o z z l e   a n g l e  

9.  The  b l a d e   i n l e t   a n g l e   is  a n o t h e r   c r i t i c a l   f a c t o r   w h i c h  

e f f e c t s   t u r b i n e   e f f i c i e n c y .  

S t i l l   a n o t h e r   s i g n i f i c a n t   f a c t o r   in  e n h a n c i n g   t h e  

t u r b i n e   e f f i c i e n c y   is  to  p r o v i d e   a  d y n a m i c a l l y   b a l a n c e d  

t u r b i n e   r o t o r .   The  r o t o r   is  d y n a m i c a l l y   b a l a n c e d   a b o u t  

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

in  t he   c i r c u m f e r e n t i a l   d i r e c t i o n   to  t h e r e b y   m a i n t a i n  

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

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

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

r a n g e   of   o p e r a t i n g   s p e e d s .   The  maximum  o u t - o f - b a l a n c e  

l i m i t   is   0 . 0 5 5   g r a m - c e n t i m e t e r s .  

The  r e a r   w a l l   27  of  the   t u r b i n e   b u c k e t   s h o u l d   have  a 

s h a p e   and  r e l a t i o n s h i p   to  n o z z l e   w i d t h   w h i c h   o p t i m i z e s  

e f f i c i e n c y .   A p p l y i n g   the  c h a r a c t e r i s t i c s   f o r   f l u i d   f l o w  

in  d u c t s   d e f i n e d   in  T h e  G e n e r a l   E l e c t r i c  D a t a   B o o k ,   H e a t  

T r a n s f e r   and  F l u i d   F l o w - ,   S e c t i o n   G  4 0 3 . 3 ,   C u r v e d   D u c t s   o f  

U n i f o r m   C r o s s   S e c t i o n - T u r b u l e n t   F l o w ,   p a g e s   2  and  3 ,  

the   c e n t e r l i n e   r a d i u s   r a t i o s   b e t w e e n   1 .0   and  7 .5   p r o v i d e  

m i n i m a l   l o s s e s   in  s q u a r e   c r o s s - s e c t i o n   d u c t s .   A s s u m i n g  

t h a t   t h e   l o s s e s   due  to  i n l e t   a i r   t u r n i n g   in  t he   t u r b i n e  

b u c k e t s   a r e   r e l a t e d   to  t he   T o s s e s   o c c u r i n g   in  c u r v e d   d u c t s ,  

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

be  a p p l i c a b l e   to  t he   t u r b i n e   r o t o r   b u c k e t s .   T h e r e f o r e ,  

r e f e r r i n g   to  F i g u r e   7,  the   b u c k e t   r a d i u s   of  c u r v a t u r e  

RCB =  W  +  r ,   where   W  i t   t he   w i d t h   of   t h e  n o z z l e   3,  a n d  

r  is  t h e   c e n t e r -  



l i n e   of  a i r   f l o w   t h r o u g h   the   t u r b i n e   b u c k e t .   A r e a  

43  shown  in  F i g u r e   7  is  a  dead  a i r   s p a c e .   The  a b s o l u t e  

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

r a t i o   R e B  =   2 . 8 0 ,   h o w e v e r ,   in  o r d e r   to  have   a  t u r b i n e  

w i d t h   W =  2RCB  +  2 t ,   w h e r e   t  e q u a l s   the   wa l l   t h i c k n e s s  

of  the   s i d e   29  of  t h e   t u r b i n e   r o t o r   13,  a  b u c k e t   r a d i u s  

c u r v a t u r e   R C B  =   1 . 2 5   was  s e l e c t e d .   Th i s   b u c k e t   r a d i u s  

of  c u r v a t u r e   s a c r i f i c e s   some  l o s s e s ,   bu t   p r o v i d e s   a 

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

r e q u i r e d   f o r   c o n s u m e r   a p p e a l .  

B e c a u s e   of  the   p a t h   of  a i r   f l ow  t h r o u g h   the   b u c k e t ,  

t he   a i r   i n l e t   and  a i r   o u t l e t   a re   o f f s e t   w i t h   r e s p e c t  

to  one  a n o t h e r   as  shown  in  F i g u r e   3A  and  f u r t h e r   a s  

shown  in  F i g u r e   7 .  

F i g u r e s   8A-8F  i l l u s t r a t e   t he   f l ow  of  a i r   t h r o u g h   t h e  

t u r b i n e   r o t o r   13  in  r e l a t i o n s h i p   to  the   r o t a t i o n   o f  

the   t u r b i n e   r o t o r .   S i n c e   F i g u r e s   8 A - 8 F  a r e   s c h e m a t i c   i n  

n a t u r e ,   the   v a r i o u s   e l e m e n t s   have  been  d e s i g n a t e d   w i t h  

t he   l e t t e r   " a " .   As  can  be  s een   f rom  F i g u r e s   8 A - 8 F ,   a i r  

f rom  n o z z l e   3a  e n t e r s   a  b u c k e t   29a  and  is  t u r n e d   t h r o u g h  
180°  by  the   r e a r   w a l l   27a .   The  momentum  t r a n s f e r r e d  

f rom  t he   f l o w i n g   a i r   to  the   r o t o r   moves  the   b u c k e t   t o  

the   r i g h t   as  i l l u s t r a t e d .   S i n c e   the   b u c k e t s   a r e   on  t h e  

p e r i p h e r y   of  t he   t u r b i n e   r o t o r ,   the   m o v e m e n t   of  t h e  

b u c k e t   to  the   r i g h t   c a u s e s   a  r o t a t i o n   of  t he   r o t o r   in  t h e  

d i r e c t i o n   of  a r r o w   A. 

F i g u r e   9  is  a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   of  t h e  

t o r q u e   on  r o t o r   13  in  r e l a t i o n s h i p   to  t he   e f f i c i e n c y ,  

power   and  s p e e d   of   t h e   t u r b i n e   m o t o r .  

F i g u r e   10  is  a  g r a p h   s h o w i n g   the   l i m i t i n g   r a n g e s   o f  

p r e s s u r e   and  a i r   f l o w   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   o f  



vacuum  c l e a n e r s   wh ich   a r e   r e q u i r e d   in  o r d e r   to  p r o v i d e  

an  a d e q u a t e   power   s o u r c e   f o r   the   e f f i c i e n t   o p e r a t i o n  

of  the   a i r - p o w e r e d   m o t o r   of  t he   p r e s e n t   i n v e n t i o n .  

Most  c o m m e r c i a l l y   a v a i l a b l e   vacuum  c l e a n e r s   c a n  

p e r f o r m   w i t h i n   the   r e q u i r e d   o p e r a t i n g   r a n g e .  

The  p r e s e n t   i n v e n t i o n   may  be  e m b o d i e d   in  o t h e r  

s p e c i f i c   f o r m s   w i t h o u t   d e p a r t i n g   f rom  the   s p i r i t   o r  

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

d i s c l o s e d   e m b o d i m e n t s   a r e   t h e r e f o r e   to  be  c o n s i d e r e d  

in  a l l   r e s p e c t s   as  i l l u s t r a t i v e   and  not   r e s t r i c t i v e ,  

the  s c o p e   of  the   i n v e n t i o n   b e i n g   i n d i c a t e d   by  t h e  

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

r a n g e   of  e q u i v a l e n c y   of  t he   c l a i m s   a r e ,   t h e r e f o r e ,  

to  be  e m b r a c e d   t h e r e i n .  



1.  An  a i r - p o w e r e d   m o t o r   c o m p r i s i n g   a  h o u s i n g   ( 1 )  

h a v i n g   a  t u r b i n e   c h a m b e r   ( 7 ) ,   an  a i r   i n l e t   (3)   and  a n  

a i r   o u t l e t   ( 5 ) ;   a  t u r b i n e   r o t o r   (13 )   r o t a t a b l y   m o u n t e d  

in  s a i d   c h a m b e r   ( 7 ) ,   c h a r a c t e r i z e d   in  t h a t   s a i d   t u r b i n e  

r o t o r   (13)   h a v i n g   a  p l u r a l i t y   of  t u r b i n e   b u c k e t s   w h e r e i n  

the   b u c k e t   a n g l e   of  e a c h   of  s a i d   b u c k e t s   i s  β  @   6 0 ° ;  

and  a  n o z z l e   means   (9)   f o r m e d   in  s a i d   c h a m b e r   ( 7 )  

b e t w e e n   s a i d   i n l e t   o p e n i n g   (3)  and  s a i d   r o t o r   (13)   f o r  

d i r e c t i n g   a i r   f rom  s a i d   a i r   i n l e t   i n t o   the   b u c k e t s   o f  

s a i d   r o t o r   ( 1 3 ) .  

2.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  c l a i m   1 

w h e r e i n   t he   r a d i u s   r a t i o   of  s a i d   b u c k e t  

3.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  any  o f  

c l a i m s   1  or  2  w h e r e i n   t he   b l a d e   i n l e t   a n g l e   of  e a c h  

of  s a i d   b u c k e t s   @  @  2 7 0 .  

4.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  c l a i m   3 

w h e r e i n   1 5 ° @   @  @   2 7 0 .  

5.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  any  o f  

c l a i m s   1  o r   2  w h e r e i n   s a i d   a i r   i n l e t   (3)   and  s a i d   a i r  



o u t l e t   (5)   a r e   o f f s e t   f rom  one  a n o t h e r   w i t h   r e s p e c t   t o  

the   b u c k e t   o p e n i n g .  

6.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  a n y - o f  

c l a i m s   1  or  2  w h e r e i n   s a i d   t u r b i n e   r o t o r   ( 1 3 )   i s  

d y n a m i c a l l y   b a l a n c e d   a b o u t   i t s   a x i s   of  r o t a t i o n .  

7.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  c l a i m   1 

w h e r e i n   t he   w i d t h   of  s a i d   n o z z l e   (3)  is  l e s s   t h a n ,  

or  e q u a l   t o ,   1 /2   the   w i d t h   of  s a i d   r o t o r   ( 1 3 ) .  

8.  An  a i r - p o w e r e d   m o t o r   f o r   d r i v i n g   a  t o o l   a s  

s e t   f o r t h   in  any  of  the   p r e e d i n g   c l a i m s   c h a r a c t e r i z e d  

by  the   t u r b i n e   r o t o r   means  (13 )   i n c l u d i n g   a  s h a f t   ( 1 5 )  

a l i g n e d   w i t h   the   a x i s   t h e r e o f ,   s a i d   r o t o r   means   ( 1 5 )  

b e i n g   r o t a t a b l y   m o u n t e d   in  s a i d   c h a m b e r   (7)   on  s a i d   s h a f t  

( 1 5 ) ,   s a i d   s h a f t   h a v i n g   an  o u t p u t   p o r t i o n   m e a n s  

e x t e n d i n g   o u t s i d e   of  s a i d   h o u s i n g   (1)  f o r   c o u p l i n g  

s a i d   t u r b i n e   r o t o r   means  to  a  t o o l   ( 1 0 ) ,   s a i d   t u r b i n e  

r o t o r   means   (13)   f u r t h e r   i n c l u d i n g   t u r b i n e   b l a d e s   ( 2 3 )  

e x t e n d i n g   f rom  the   p e r i p h e r a l   s u r f a c e   of  s a i d   r o t o r  

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

b u c k e t s   f o r m e d   in  s a i d   r o t o r   ( 1 3 ) ,   w h e r e i n   t h e   top  a n d  

b o t t o m   of   s a i d   b u c k e t   is  f o r m e d   by  a d j a c e n t   t u r b i n e  

b l a d e s   ( 2 3 ) ,   the   s i d e s   of  e ach   b u c k e t   a r e   f o r m e d   by  t h e  

s i d e s   ( 2 9 )   of  the   t u r b i n e   r o t o r ,   and  the   b o t t o m   of  e a c h  

b u c k e t   is  f o r m e d   by  a  wa l l   ( 27 )   e x t e n d i n g   b e t w e e n   t h e  

ends   of  s a i d   t u r b i n e   b l a d e s   ( 2 3 ) ;  

a  n o z z l e   means  (9)  f o r m e d   in  s a i d   c h a m b e r   ( 7 )  

b e t w e e n   s a i d   i n l e t   o p e n i n g   (3)  and  s a i d   t u r b i n e   r o t o r  

means  ( 1 3 )   f o r   d i r e c t i n g   a i r   f rom  s a i d   a i r   i n l e t   i n t o  

s a i d   b u c k e t s ;  



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

s a i d   n o z z l e   ( 9 ) ,   i n t o   s a i d   b u c k e t ,   and  a g a i n s t   t h e  

b o t t o m   (27)   t h e r e o f ,   and  t h e n   ou t   of  s a i d   b u c k e t   i n  

the   o p p o s i t e   d i r e c t i o n ,   and  t h e n   i n t o   s a i d   c h a m b e r   ( 7 )  

and  ou t   of   s a i d   a i r   o u t l e t   ( 5 ) ,   t h e r e b y   r o t a t i n g   s a i d  

t u r b i n e   r o t o r   means   (13)   w h e r e b y   the   o u t p u t   p o r t i o n  

means  of  s a i d   s h a f t   is  r o t a t e d   f o r   d r i v i n g   a  t o o l .  

9.  An  a i r - p o w e r e d   m o t o r   as  s e t   f o r t h   in  c l a i m   8 

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

s a i d   a i r   i n l e t   (3)   f o r   d r i v i n g   a i r   t h r o u g h   s a i d   a i r  

i n l e t .  

10.  A  t u r b i n e   r o t o r   (13)   f o r   use  in  an  a i r -  

p o w e r e d   m o t o r   a c c o r d i n g   to  one  of  t he   p r e e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   b y  

a)  a  p a i r   of   p a r a l l e l   c i r c u l a r   s i d e   w a l l s   ( 2 9 ) ;  

b)  a  p l u r a l i t y   of  t u r b i n e   b l a d e s   ( 2 3 )  

e x t e n d i n g   b e t w e e n   s a i d   s i d e   w a l l s   ( 2 9 ) ;  

c)  wa l l   means   (27)   e x t e n d i n g   b e t w e e n   s a i d   s i d e  

w a l l s   (29)   and  b e t w e e n   a d j a c e n t   t u r b i n e  

b l a d e s   ( 2 3 ) ,   w h e r e i n   s i d e   w a l l s ,   t u r b i n e  

b l a d e s   and  wa l l   means  fo rm  a  p l u r a l i t y   o f  

b u c k e t s   in  s a i d   r o t o r   h a v i n g   open  e n d s  

p o s i t i o n e d   a r o u n d   the   p e r i p h e r y   of  t h e  

r o t o r   ( 1 3 )   and  w h e r e i n   t he   b u c k e t   a n g l e   o f  

s a i d   b u c k e t s   is  β  @   6 0 ° ;  

d)  the   s a i d   wa l l   means  (27 )   is  s e m i c i r c u l a r .  
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