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©  Supercharger  assembly  and  rotor  phasing  fixture. 
©  An  improved  Roots-type  blower  (10)  and  fixture  (200)  for  Springs  (268,  272)  resiliently  bias  the  rack  gear  into  the 
timing  rotors  (20,  22)  and  timing  gears  (36,  38)  of  the  blower  annular  gear  to  remove  backlash. 
during  assembly.  The  blower  includes  a  housing  (12) 
defining  generally  cylindrical  chambers  containing  the  rotors 
having  meshed,  helical  lobes  (20c,  22c).  The  rotors  are  fixed 
to  stepped  diameter  shafts  (24,  26)  pressed  into  stepped 
bores  (20d,  22d)  in  the  rotors.  Straight  splines  on  the  shafts 
respectively  form  mating  splines  in  the  rotor  bores  and  in  the 
hub  bore  of  timing  gear  (36).  In  a  modified  form  of  the 
blower,  the  straight  splines  form  matting  splines  in  both 
timing  gears.  The  shafts  are  supported  in  the  housing  by 
fixed  ball  bearings  (28,  30)  at  one  end  of  the  rotors  and  at  the 

fM  other  end  by  ball  bearing  (32,  34)  resiliently  biased  by 
springs  which  preload  all  four  bearings.  The  fixture  includes 
a  base  (202)  having  two  surfaces  (202f,  240a)  for  supporting 

{0  ends  (20b,  22b)  of  the  rotors.  Surface  (202f)  is  integral  with 
|f)  the  base  and  surface  (240a)  is  rotatable  relative  to  surface 
^   (202f).  The  surfaces  transversely  space  the  shafts  and  rotors 

the  same  parallel  distance  apart  they  will  have  after  final 
10  assembly  of  the  blower  and  provide  support  of  pressing  the 
CO  gears  on  the  shafts.  An  annular  gear  (246),  fixed  to  surface 

(240a)  and  having  the  same  pitch  diameter  of  rotor  lobes 
(20c,  22c),  drives  a  rack  gear  (260)  which  in  turn  drives  a  dial 

©  indicator  (282)  providing  a  direct  readout  of  backlash  be- 
-~  tween  the  lobe  in  response  to  rotation  of  surface  (240a). 
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BACKGROUND  OF  THE  INVENTION 

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

or  b l o w e r s ,   p a r t i c u l a r l y   to   b l o w e r s   of  t h e   R o o t s - t y p e .  

More  s p e c i f i c a l l y ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  

m e t h o d   of  a s s e m b l i n g   s u c h   b l o w e r s   and  to  a  f i x t u r e   f o r  

t i m i n g   t h e   r o t o r s   and  g e a r s   of   such   a  b l o w e r .  

R o t a r y   b l o w e r s ,   p a r t i c u l a r l y   R o o t s - t y p e  

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

t i o n   e n g i n e s   a r e   w e l l - k n o w n   in  t he   p r i o r   a r t .   H o w e v e r ,  

t h e y   have   no t   been   w i d e l y   u s e d ,   p a r t i c u l a r l y   i n  

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

g e n e r a l ,   have   been   c h a r a c t e r i z e d   by  s e v e r a l   p r o b l e m s  

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

and  a s s e m b l y   c o s t s ,   low  e f f i c i e n c y   a n d / o r   p o o r  

d u r a b i l i t y .   Q u i t e   o f t e n ,   a l l   or  many  of  t h e s e  

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

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

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

w h i c h   in  t u r n   may  l e a d   to   one  or  more  o t h e r   p r o b l e m s  

such   as  n o i s e ,   e f f i c i e n c y ,   a n d / o r   d u r a b i l i t y .  



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

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

r e q u i r e d   to  p r o p e r l y   l o c a t e   the   r o t o r s   w i t h i n   t h e  

b l o w e r   h o u s i n g   and  to   p r o p e r l y   l o c a t e   or  t ime   t h e  

meshed   l o b e s   of  the   r o t o r s   w i t h   r e s p e c t   to  e a c h  

o t h e r .   Such  m e t i c u l o u s   l o c a t i n g   and  t i m i n g   a r e  

n e c e s s a r y   due  to   t he   f a c t   t h a t   t he   r o t o r s   s h o u l d   h a v e  

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

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

r o t o r s   s h o u l d   have   a  v e r y   s l i g h t   r u n n i n g   c l e a r a n c e  

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

b e t w e e n  t h e   m e s h e d   g e a r s   soon   c a u s e s   t he   b l o w e r   t o  

l o s e   e f f i c i e n c y   a n d / o r   f a i l .   In  t h e   p r i o r   a r t ,   t h e  

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

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

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

such   l o c a t i n g   and  t i m i n g .   Both   of  t h e s e   m a c h i n i n g  

p r a c t i c e s   had  t o   be  e x t r e m e l y   a c c u r a t e ,   were  n a t u r a l l y  

v e r y   e x p e n s i v e ,   were   no t   c o n d u c i v e   to   f a s t   a n d  

i n e x p e n s i v e   a s s e m b l y   as  r e q u i r e d   in  a  m a s s - p r o d u c t i o n  

e n v i r o n m e n t .  

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

c h a r g e r   d e s i g n e d   to  n e g a t e   or  s u b s t a n t i a l l y   r e d u c e   a l l  

of  the   a b o v e - s t a t e d   p r o b l e m s .   For  e x a m p l e ,   t he   r o t o r s ,  

s h a f t s ,   and  t i m i n g   g e a r s   of  t he   s u p e r c h a r g e r   d i s c l o s e d  

h e r e i n   r e q u i r e   no  p r e m a c h i n i n g   or  m a c h i n i n g   d u r i n g  

a s s e m b l y   to  e f f e c t   p r o p e r   t i m i n g .   F u r t h e r ,   t he   s h a f t s  

may  be  p r e s s e d   i n t o   t he   r o t o r s   w i t h o u t   c o n c e r n   o f  

p h a s e   r e l a t i o n   or  t i m i n g .   S t i l l   f u r t h e r ,   the   s u p e r -  

c h a r g e r   may  be  p a r t i a l l y   a s s e m b l e d   and  one  of  t h e  

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

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



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

q u i c k l y   t i m e d   d u r i n g   a s s e m b l y   by  a  s p e c i a l l y   d e s i g n e d  

f i x t u r e .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of  t h i s   i n v e n t i o n   i s   to  p r o v i d e   a  

f i x t u r e   f o r   a c c u r a t e l y   and  q u i c k l y   t i m i n g   t he   r o t o r s  

in  r o t a r y   s u p e r c h a r g e r .  

A  more  s p e c i f i c   o b j e c t   of  t h i s   i n v e n t i o n   i s  

to  p r o v i d e   s u c h   a  f i x t u r e   s p e c i a l l y   d e s i g n e d   fo r   a  

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

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

The  f i x t u r e   or  m a c h i n e   i s   o p e r a t i v e   d u r i n g  

a s s e m b l y   of  a  r o t a r y   b l o w e r   to  t i m e   m e s h e d ,  

n o n c o n t a c t i n g   l o b e s   of  f i r s t   and  s e c o n d   r o t o r s  

r e s p e c t i v e l y   f i x e d   to  f i r s t   and  s e c o n d   p a r a l l e l   s h a f t s  

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

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

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

the   s h a f t s   e x t e n d i n g   a x i a l l y   b e y o n d   a d j a c e n t   end  f a c e s  

of  t h e   r o t o r s   w h i l e   t he   s h a f t s   a t   t he   a d j a c e n t   e n d  

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

p o r t i o n   of  t he   b l o w e r   h o u s i n g   and  p r i o r   to   m e s h i n g  

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

A c c o r d i n g   to  a  f e a t u r e   of  t he   i n v e n t i o n ,   t h e  

f i x t u r e   or  m a c h i n e   i n c l u d e s   a  b a s e   h a v i n g   f i r s t   a n d  

s e c o n d   s u r f a c e s   d i s p o s e d   in  a  common  p l a n e   f o r  

s u p p o r t i n g   the   o t h e r   a d j a c e n t   end  f a c e s   of  t he   r o t o r s  

t h e r e o n   a g a i n s t   r o t a t i o n   r e l a t i v e   to   t h e i r   r e s p e c t i v e  

s u p p o r t i n g   s u r f a c e   and  a b o u t   t h e i r   a x i s   and  w i t h   t h e  

a x e s   of   t he   s h a f t s   s p a c e d   t he   m e n t i o n e d   p r e d e t e r m i n e d  



d i s t a n c e   a p a r t ,   one  of  t he   s u r f a c e s   d e f i n e d   by  a  

member  m o u n t e d   f o r   r o t a t i o n   r e l a t i v e   to  the   o t h e r  

s u r f a c e   and  a b o u t   the   a x i s   of  t he   a s s o c i a t e d   r o t o r  

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

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

r e l a t i v e   r o t a t i o n   b e t w e e n   the   s u r f a c e s   a f t e r   s e t t i n g  

the   c l e a r a n c e   to   f a c i l i t a t e   p o s i t i o n i n g   and  f i x i n g   t h e  

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

A c c o r d i n g   to  a n o t h e r   f e a t u r e   of  t h e  

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

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

r e s p o n s e   to   r o t a t i o n   of  t h e   m e m b e r .  

A c c o r d i n g   to   a n o t h e r   f e a t u r e   of  t h e  

i n v e n t i o n ,   a  p i n i o n   g e a r   is   f i x e d   to   t h e   member  and  i s  

o p e r a t i v e   to   move  a  r a c k   g e a r   c o n n e c t e d   to  t h e  

i n d i c a t o r .  

A c c o r d i n g   to  a n o t h e r   f e a t u r e   of  t h e  

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

g e a r s   a re   r e s i l i e n t l y   b i a s e d   i n t o   a  z e r o   b a c k l a s h  

p o s i t i o n .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

A  R o o t s - t y p e   b l o w e r   and  a  p h a s i n g   a n d  

a s s e m b l y   f i x t u r e   a r e   shown  in  t he   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h :  

FIGURE  1  i s   a  c r o s s - s e c t i o n a l   v i ew  of  t h e  

b l o w e r   l o o k i n g   a l o n g   l i n e   1-1  of  FIGURE  2  w i t h   t h e  

r o t o r   s h a f t s   of  t he   b l o w e r   in  r e l i e f   and  w i t h   o n l y   a  

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

FIGURE  2  i s   a  c r o s s - s e c t i o n a l   v i ew   of  t h e  

b l o w e r   l o o k i n g   a l o n g   l i n e   2-2  of  FIGURE  1 ;  

FIGURE  3  i s   an  e n l a r g e d ,   f r a g m e n t a r y   v i ew  o f  

a  r o t o r   a s s e m b l y   in  FIGURE  1 ;  

FIGURE  4  i s   a  m o d i f i e d   fo rm  of  a  p o r t i o n   i n  

FIGURE  1 ;  

FIGURE  5  i s   a  p l a n   v i ew   of  the   f i x t u r e   w i t h  

b r o k e n   away  p o r t i o n s   in  s e c t i o n ;   a n d  

FIGURE  6  i s   a  s i d e   e l e v a t i o n a l   v i ew  of  t h e  

s u p e r c h a r g e r   and  f i x t u r e   in  s e c t i o n .  

C e r t a i n   t e r m i n o l o g y   r e f e r r i n g   to  s p e c i f i c  

t y p e s   of  c o m p o n e n t s ,   d i r e c t i o n ,   m o t i o n ,   and  t h e  

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

in  t he   f o l l o w i n g   d e s c r i p t i o n .   T h i s   t e r m i n o l o g y   is   f o r  

c o n v e n i e n c e   in   d e s c r i b i n g   the   i n v e n t i o n   and  i t s  

e n v i r o n m e n t   and  s h o u l d   n o t   be  c o n s i d e r e d   l i m i t i n g  

u n l e s s   e x p l i c i t l y   u sed   in  t he   a p p e n d e d   c l a i m s .  

DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  i l l u s t r a t e s   a  R o o t s - t y p e   b l o w e r   o r  

c o m p r e s s o r   10  i n c l u d i n g   a  h o u s i n g   a s s e m b l y   12  h a v i n g   a  

main  or  c e n t e r   h o u s i n g   s e c t i o n   14  and  end  s e c t i o n s   1 6 ,  

18,   a  p a i r   of  r o t o r s   20 ,   22  m o u n t e d   on  p a r a l l e l   s h a f t s  



24,  26  to  d e f i n e   r o t o r   a s s e m b l i e s ,   b e a r i n g   a s s e m b l i e s  

28,  30  d i s p o s e d   a t   a d j a c e n t   end  f a c e s   20a ,   22a  of  t h e  

r o t o r s ,   b e a r i n g   a s s e m b l i e s   32,   34  d i s p o s e d   a t   t he   o t h e r  

a d j a c e n t   end  f a c e s   20b,   22b  of  t he   r o t o r s ,   and  t i m i n g  

g e a r s   36,  38  s e c u r e d   to  t h e   s h a f t s   24,  26.  S h a f t   24  

and  g e a r   36  a re   d r i v e n   e l e m e n t s   and  s h a f t   26  and  g e a r  
38  a r e   d r i v e   or  d r i v i n g   e l e m e n t s   w i t h   r e s p e c t   to  t h e  

d r i v e n   e l e m e n t s .   B e a r i n g s   2 8 - 3 4   a r e   by  d e f i n i t i o n  

a n t i f r i c t i o n   b e a r i n g s ,   i . e . ,   r o l l i n g   c o n t a c t   b e a r i n g s .  

H o u s i n g   a s s e m b l y   10  i s   p r e f e r a b l y   a  l i g h t -  

w e i g h t   m a t e r i a l   s u c h   as  a l u m i n u m .   The  a s s e m b l y  

i n c l u d e s   or  d e f i n e s   a  p a i r   of  g e n e r a l l y   c y l i n d r i c a l  

w o r k i n g   c h a m b e r s   42,  44  d e f i n e d   c i r c u m f e r e n t i a l l y   b y  

c y l i n d r i c a l   w a l l   p o r t i o n s   1 4 a ,   14b  and  end  w a l l  

p o r t i o n s   1 4 c ,   18a  d e f i n i n g   end  s u r f a c e s   n o r m a l   to  t h e  

c y l i n d r i c a l   w a l l   p o r t i o n s .   The  c h a m b e r s   t r a n s v e r s e l y  

o v e r l a p   e a c h   o t h e r   and  t h e   end  w a l l s   of  b o t h   c h a m b e r s  

a re   d i s p o s e d   in  common  p l a n e s .   The  h o u s i n g   a s s e m b l y  

f u r t h e r   i n c l u d e s   a  c h a m b e r   46  s e p a r a t e d   f rom  c h a m b e r s  

42,  44  by  end  w a l l   p o r t i o n   1 4 c ,   an  a n n u l a r   a x i a l l y  

e x t e n d i n g   s i d e   w a l l   p o r t i o n   14d  h a v i n g   a  p l u r a l i t y   o f  

t h r e a d e d   b o r e s   48  f o r   s e c u r i n g   end  s e c t i o n   16  t h e r e t o  

by  b o l t s   50,   a  p l u r a l i t y   of  t h r e a d e d   b o r e s   52  f o r  

s e c u r i n g   end  s e c t i o n   18  to   t h e   o t h e r   end  of  t h e  

h o u s i n g   by  b o l t s   54,  a  p l u r a l i t y   of  c o o l i n g   a n d  

r e i n f o r c i n g   r i b s   1 4 e ,   an  o u t l e t   or  d i s c h a r g e   p o r t   5 6  

s e e n   o n l y   in  FIGURE  2,  and  an  unshown   i n l e t   or  s u c t i o n  

p o r t .   The  i n l e t   p o r t   has   i t s   e n t r a n c e   d e f i n e d   by  e n d  

s e c t i o n   18;   t he   p o r t   e x t e n d s   a x i a l l y   i n t o   c h a m b e r s   4 2 ,  

44  w i t h   a  d e c r e a s i n g   c r o s s - s e c t i o n a l   a r e a   t h a t  

t e r m i n a t e s   j u s t   s h o r t   of   a  c u s p   14f   d e f i n e d   by  t h e  

i n t e r s e c t i o n   o f  c y l i n d r i c a l   w a l l   p o r t i o n s   14a ,   14b  a s  



s e e n   in  FIGURE  2.  End  w a l l   p o r t i o n   14c  i n c l u d e s  

t h r o u g h   b o r e s   58,  60  h a v i n g   m a j o r   d i a m e t e r s   58a ,   6 0 a  

and  s h o u l d e r s   58b ,   60b  f o r   s u p p o r t i n g   and  p o s i t i o n i n g  

b e a r i n g   a s s e m b l i e s   28,  30  in  t he   h o u s i n g ;   i n t e r m e d i a t e  

d i a m e t e r s   p r o v i d e   s u p p o r t   f o r   r a d i a l   s e a l s   62,  6 4 .  

End  s e c t i o n   16  i n c l u d e s   a  b o r e   66  h a v i n g   a  

b a l l   or  a n t i f r i c t i o n   b e a r i n g   68  d i s p o s e d   t h e r e i n   f o r  

s u p p o r t i n g   t h e   d r i v e   end  of  d r i v i n g   s h a f t   26  and  a  s e a l  

70  f o r   s e a l i n g   c h a m b e r   46  f rom  t he   a m b i e n t   or  t h e  

e x t e r i o r   of   t h e   h o u s i n g   a s s e m b l y .   Chamber   46  c o n t a i n s  

o i l   f o r   l u b r i c a t i n g   b a l l   b e a r i n g s   28,   30,  68  and  g e a r s  

36,  3 8 .  

R o t o r s   20,  22  a re   p r e f e r a b l y   f o r m e d   of  a  

l i g h t w e i g h t   m a t e r i a l   such   as  a l u m i n u m .   The  r o t o r s   a r e  

shown  f r a g m e n t a l l y   in  FIGURE  1.  Each   r o t o r   i n c l u d e s  

t h r e e   h e l i c a l   t e e t h   or  l o b e s   20c ,   22c  of  m o d i f i e d  

i n v o l u t e   p r o f i l e ,   as  shown  in  FIGURE  2,  an  a x i a l l y  

e x t e n d i n g   b o r e   20d ,   22d  h a v i n g   an  a x i s   c o n c e n t r i c   t o  

t h e   l o b e s ,   and  a l i g n m e n t   or  p h a s i n g   h o l e s   20e ,   2 2 e  

e x t e n d i n g   a x i a l l y   i n t o   end  f a c e s   20b ,   22b  of  e a c h  

l o b e .   The  l o b e s   pump  or  t r a n s p o r t   a  f l u i d ,   such   a s  

a i r ,   f rom  t he   h o u s i n g   i n l e t   to  t h e   h o u s i n g   o u t l e t .  

The  b o r e s   a r e   i d e n t i c a l   and  each   i n c l u d e s ,   as  v i e w e d  

f rom  l e f t - t o - r i g h t   in  FIGURE  1,  a  f i r s t   d i a m e t e r   b o r e  

p o r t i o n   2 0 f ,   22f   e x t e n d i n g   f rom  a  s h o u l d e r   d e f i n e d   b y  

the   end  f a c e   of  a  s m a l l   hub  p o r t i o n   20g ,   2 2 g  

p r o j e c t i n g   a x i a l l y   f rom  end  f a c e   20a ,   22a  to  a  

s h o u l d e r   20h ,   22h  d e f i n e d   by  t he   d i f f e r e n c e   i n  

d i a m e t e r   b e t w e e n   the   f i r s t   b o r e   p o r t i o n   and  a  s e c o n d  

b o r e   p o r t i o n   2 0 i ,   22i   of  r e d u c e d   d i a m e t e r .   T h e  

c y l i n d r i c a l   w a l l s   of  the   f i r s t   and  s e c o n d   b o r e  

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



b e t w e e n   t he   end  f a c e s   of  hub  p o r t i o n s   20g,   22g  a n d  

s h o u l d e r s   20h  22h  a r e   c l o s e l y   c o n t r o l l e d   fo r   r e a s o n s  

d i s c u s s e d   h e r e i n a f t e r .   R o t o r s   20,  22  a r e   d i s c l o s e d  

h e r e i n   in  FIGURE  2  w i t h   t h r e e   c i r c u m f e r e n t i a l l y  

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

t h e i r   r e s p e c t i v e   s h a f t s   or  b o r e s   and  w i t h   m o d i f i e d  

i n v o l u t e   p r o f i l e s .   H o w e v e r ,   o t h e r   w e l l - k n o w n   r o t o r  

f o r m s   may  be  e m p l o y e d ,   s u c h   as  t w o - l o b e   w i t h   or  w i t h o u t  

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

the   r o t o r   a x i s ,   e t c .  

The  o u t e r   c i r c u m f e r e n t i a l   e x t e n t   of  t h e  

r o t o r s   ( i . e . ,   t he   t o p   l a n d s   of  t he   l o b e s )   and  end  f a c e s  

20a ,   22a ,   20b,   22b  s h o u l d   n e v e r   t o u c h   t h e   c y l i n d r i c a l  

and  end  s u r f a c e s   d e f i n i n g   c h a m b e r s   42,  44,  nor   s h o u l d  

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

o t h e r .   H o w e v e r ,   to  m i n i m i z e   i n t e r n a l   l e a k a g e ,   a n y  
c l e a r a n c e   p r o v i d e d   to  p r e v e n t   s u c h   t o u c h i n g   s h o u l d   b e  

h e l d   to  an  a b s o l u t e   m in imum.   T h i s   minimum  c l e a r a n c e  

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

t o l e r a n c e s   of  i n d i v i d u a l   p a r t s ,   s t a c k - u p   t o l e r a n c e s  

d u r i n g   a s s e m b l y ,   b a c k l a s h   in  t h e   t i m i n g   g e a r s   36,  3 8 ,  

r a d i a l   and  a x i a l   g r o w t h   of  p a r t s   r e l a t i v e   to  e a c h   o t h e r  

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

d i f f e r e n c e s   in  c o e f f i c i e n t   of  e x p a n s i o n   of  p a r t s ,   a n d  

r a d i a l   and  a x i a l   b e a r i n g   p l a y .  

L o o k i n g   now  a t   FIGURES  1 - 3 ,   d r i v e n   s h a f t   24  

and  d r i v i n g   s h a f t   26  r e s p e c t i v e l y   i n c l u d e   b o s s e s   2 4 a ,  

24b  and  2 6 a ,   26b  fo r   r o t a t i o n a l l y   s u p p o r t i n g   t h e   r o t o r  

and  s h a f t   a s s e m b l i e s   in  b e a r i n g   a s s e m b l i e s   2 8 - 3 4 .  

S h a f t s   24,  26  a r e   i d e n t i c a l   b e t w e e n   t h e s e   b o s s e s .  

H e n c e ,   a  d e s c r i p t i o n   of  p o r t i o n s   of  s h a f t   24  b e t w e e n  

b o s s e s   2 4 a ,   24b  w i l l   s u f f i c e   f o r   b o t h   s h a f t s   and  w i l l  



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

to   s h a f t   p o r t i o n s   to  t he   l e f t   of  b o s s e s   24a ,   26a  f o r  

b o t h   s h a f t s   as  v i e w e d   in  FIGURE  1.  P o r t i o n s   of  s h a f t  

26  b e t w e e n   b o s s e s   26a ,   26b  a r e   no t   g i v e n   r e f e r e n c e  

c h a r a c t e r s   to  a v o i d   undue   c l u t t e r   of  t he   d r a w i n g s .  

L o o k i n g   now  m a i n l y   a t   FIGURE  3,  s h a f t   24  

i n c l u d e s   a  b o s s   24c  h a v i n g   r a d i a l   s e a l   62  r u n n i n g  

t h e r e o n ,   a  s h o u l d e r   24d  w h i c h   a b u t s   t he   end  f a c e   o f  

hub  p o r t i o n   20g  to  d e f i n e   t h e   a x i a l   p o s i t i o n   of  t h e  

s h a f t   in  t he   r o t o r   b o r e ,   a  r o l l e d   s p l i n e   p o r t i o n   2 4 e ,  

and  s m o o t h   s u r f a c e   p o r t i o n s   2 4 f ,   24g  w h i c h   r e s p e c -  

t i v e l y   form  i n t e r f e r e n c e   f i t s   w i t h   b o r e   p o r t i o n s   2 0 f ,  

20 i   when  s h a f t   i s   p r e s s e d   i n t o   p l a c e .   S h o u l d e r   2 4 d  

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

r o t o r   a r e   to  t h e   r i g h t   of  t he   s h o u l d e r   or  a r e   a  

m in imum  a t   t h e   s p l i n e s .   Smooth   s u r f a c e   p o r t i o n s   2 4 f ,  

24g  a r e   a x i a l l y   s e p a r a t e d   by  a  s h a f t   p o r t i o n   24h  and  a  

c o n i c a l   or  c h a m f e r e d   p o r t i o n   2 4 i .   The  r i g h t   end  o f  

s m o o t h   s u r f a c e   p o r t i o n   24g  a l s o   i n c l u d e s   a  c o n i c a l   o r  

c h a m f e r e d   p o r t i o n   2 4 j .   S h a f t   24  is  p r e f e r a b l y   f o r m e d  

f rom  s t e e l .   S p l i n e s   24e  e x t e n d   p a r a l l e l   to  t h e   a x i s  

of  s h a f t   24  and  f u n c t i o n   s i m i l a r   to  a  b r o a c h   w h e n  

s h a f t   24  i s   p r e s s e d   i n t o   b o r e   20,  i . e . ,   s p l i n e s   2 4 e  

fo rm  m a t i n g   s p l i n e s   in  t he   b o r e .   The  s e l f - b r o a c h i n g  

f u n c t i o n   of  s p l i n e s   24e  may  be  i m p r o v e d   by  a p p l i c a t i o n  

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

The  l e f t   end  of  s h a f t   24  i s   s i m i l a r   to   t h e  

p o r t i o n s   of  t h e   s h a f t   b e t w e e n  s e a l   b o s s   24c  a n d  

b e a r i n g   b o s s   24b,   i . e . ,   t h e   l e f t   end  i n c l u d e s   s m o o t h  

s u r f a c e   p o r t i o n s   24k ,   24m  w h i c h   form  i n t e r f e r e n c e   f i t s  

w i t h   s t e p p e d   b o r e   p o r t i o n s   36a ,   36b  in  g e a r   36  and  a  

r o l l e d   s p l i n e   p o r t i o n   24n  h a v i n g   a x i a l l y   e x t e n d i n g  



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

36  is  p r e s s e d   on  the   s h a f t .   Gear   36  i s   p r e f e r a b l y   o f  

v a r i a b l e   h a r d n e s s ,   i . e . ,   t he   t o o t h   p o r t i o n   of  t he   g e a r  

i s   h a r d e n e d   and  t he   hub  p o r t i o n   i s   r e l a t i v e l y   s o f t   t o  

a l l o w   t he   s e l f - b r o a c h i n g   by  t h e   s h a f t   s p l i n e s   2 4 n .  

A l t e r n a t i v e l y ,   g e a r   36  may  be  of  u n i f o r m   h a r d n e s s   a n d  

have   i n t e r n a l   s p l i n e s   in  w h i c h   c a s e   t he   s t e p s   a t   t h e  

s h a f t   end  w o u l d   be  s m o o t h   and  r e l a t i v e l y   s o f t .  

The  l e f t   end  of  s h a f t   26,   as  shown  i n  

FIGURE  1,  i n c l u d e s   an  a n n u l a r   r e c e s s   26k  h a v i n g   a  s n a p  

r i n g   71  d i s p o s e d   t h e r e i n   f o r   p o s i t i o n i n g   a  shim  73,   a  

t a p e r e d   or  c o n i c a l   p o r t i o n   26m  f o r   r e c e i v i n g   a  m a t i n g  

c o n i c a l   b o r e   38a  in  g e a r   38,   a  t h r e a d e d   p o r t i o n   h a v i n g  

a  nu t   72  t h r e a d e d   t h e r e o n   f o r   s e c u r i n g   or  s e a t i n g   t h e  

g e a r   on  t h e   t a p e r e d   p o r t i o n ,   a  b o s s   26n  h a v i n g   t h e  

i n n e r   r a c e   of  b e a r i n g   68  l i g h t l y   p r e s s e d   t h e r e o n ,   a  

b o s s   26p  h a v i n g   r a d i a l   s e a l   70  r u n n i n g   t h e r e o n ,   and  a  

d r i v e   end  26q  h a v i n g   a  key  s l o t   26r  f o r   k e y i n g   a  

V - p u l l e y   or  t h e   l i k e   to  t h e   s h a f t .  

L o o k i n g   b r i e f l y   a t   t h e   m o d i f i e d   form  s h o w n  

in  FIGURE  4,  t h e r e i n   a l l   p a r t s ,   e l e m e n t s ,   and  p o r t i o n s  

of  t he   s u p e r c h a r g e r   w h i c h   a r e   i d e n t i c a l   to  c o r r e s p o n d -  

ing   p a r t s ,   e l e m e n t s ,   and  p o r t i o n s   of  t he   s u p e r c h a r g e r  

in  FIGURES  1-3   a r e   g i v e n   t h e   same  r e f e r e n c e   c h a r a c t e r s  

w i t h   a  p r i m e   a d d e d .   The  m o d i f i e d   fo rm  i n c l u d e s   a  

s h a f t   74  and  a  g e a r   76  w h i c h   r e s p e c t i v e l y   r e p l a c e  

s h a f t   26  and  g e a r   38.  S h a f t   74  and  g e a r   76  a r e  

c o n f i g u r e d   to  be  j o i n e d   t o g e t h e r   in  t h e   same  m a n n e r   a s  
s h a f t   24  and  g e a r   36,  a l l   o t h e r   p a r t s   of  74  and  g e a r  
76  a re   t h e   same  as  d e s c r i b e d   f o r   s h a f t   26  and  g e a r   3 8 .  

L o o k i n g   a g a i n   a t   FIGURES  1 - 3 ,   b e a r i n g   a s s e m -  

b l i e s   28,  30  a r e   i d e n t i c a l   as  a r e   b e a r i n g   a s s e m b l i e s  



32,  34.  H e n c e ,   a  d e t a i l e d   d e s c r i p t i o n   of  b e a r i n g  

a s s e m b l i e s   28,  32  w i l l   s u f f i c e   f o r   b o t h   r o t o r   a n d  

s h a f t   a s s e m b l i e s .   B a l l - b e a r i n g   a s s e m b l y   28  i n c l u d e s  

i n n e r   and  o u t e r   r a c e s   78,  80  and  a  p l u r a l i t y   of  b a l l s  

or  r o l l i n g   c o n t a c t   means   82  w h i c h   i n t e r c o n n e c t   t h e  

r a c e s   w i t h   a  l i m i t e d   a m o u n t   of  r a d i a l   and  a x i a l  

b e a r i n g   p l a y   b e t w e e n   the   r a c e s .   The  o u t e r   r a c e   i s  

s n u g l y   p r e s s e d   i n t o   t he   m a j o r   d i a m e t e r   p o r t i o n   58a  o f  

b o r e   58  and  s e a t e d   a g a i n s t   s h o u l d e r   58b  w h i c h   f i x e s  

the   a x i a l   p o s i t i o n   of  t he   b e a r i n g   a s s e m b l y   w i t h  

r e s p e c t   to  end  w a l l   p o r t i o n   14c  of  c h a m b e r   42.  T h e  

i n n e r   r a c e   i s   s n u g l y   p r e s s e d   on  b o s s   24a  and  i s  

a x i a l l y   p o s i t i o n e d   on  the   b o s s   by  an  a n n u l a r   sh im  84  

whose   t h i c k n e s s   i s   d e t e r m i n e d   d u r i n g   a s s e m b l y   of  t h e  

s u p e r c h a r g e r   as  e x p l a i n e d   h e r e i n a f t e r .  

B e a r i n g   a s s e m b l y   32  i n c l u d e s   a  s t e e l   or  w e a r  

r e s i s t a n t   s l e e v e   86  s n u g l y   p r e s s e d   i n t o   a  s t e p p e d   b o r e  

88  in  end  s e c t i o n   18,   o u t e r   and  i n n e r   r a c e s   90,  92,   a  

p l u r a l i t y   of  b a l l s   or  r o l l i n g   c o n t a c t   means   94,  a  s e a l  

96,  a  s p r i n g   a s s e m b l y   98  h a v i n g   two  B e l l e v i l l e   o r  

c o n e - d i s k   s p r i n g s   r e a c t i n g   b e t w e e n   o u t e r   r a c e   90  and  a  

s t e e l   w a s h e r   100 ,   a  s n a p   r i n g   102 ,   and  a  cap  or  p l u g  

104  f o r   s e a l i n g   the   b e a r i n g   f rom  t he   a m b i e n t   or  t h e  

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

in  c o m b i n a t i o n   w i t h   s e a l   96  a  c a v i t y   c o n t a i n i n g   a  

l u b r i c a n t   s u c h   as  g r e a s e .   O u t e r   r a c e   90  f o r m s   a  c l o s e  

t o l e r a n c e ,   s l i d i n g   f i t   w i t h   s t e e l   s l e e v e   86  and  t h e  

i n n e r   r a c e   f o r m s   a  snug   p r e s s   f i t   w i t h   b o s s   2 4 b .  

S t e e l   s l e e v e   86  p r e v e n t s   f r e t t i n g   of  t he   a l u m i n u m  

s t r u c t u r e   of   end  s e c t i o n   18.  S p r i n g   a s s e m b l y   9 8  

b i a s e s   s h a f t   24  and  r o t o r   20  to  t he   r i g h t   and  h e n c e  

b i a s e s   i n n e r   r a c e   92  and  s h a f t   24  to  t he   r i g h t .   S n a p  



r i n g   102  e n s u r e s   r e t e n t i o n   of  the   i n n e r   r a c e   on  b o s s  

24b.   B a l l s   94  of  b e a r i n g s   32,  34,  l i k e   b a l l s   82  o f  

b e a r i n g s   28,  30,  i n t e r c o n n e c t   t he   o u t e r   and  i n n e r  

r a c e s   w i t h   a  l i m i t e d   a m o u n t   of  r a d i a l   and  a x i a l  

b e a r i n g   p l a y   t h e r e b e t w e e n .   I n n e r   r a c e   92  i s   p r e f e r a b l y  

p r e s s e d   on  b o s s   24b ;   a l t e r n a t i v e l y   the   i n n e r   r a c e   may  
form  a  c l o s e   t o l e r a n c e   s l i d i n g   f i t   w i t h   b o s s   24b,   i n  

w h i c h   c a s e   s n a p   r i n g   102  t h e n   p r e v e n t s   a x i a l   m o v e m e n t  

of  t h e   r a c e   in  one  d i r e c t i o n .  

In  g e n e r a l ,   b e a r i n g s   d e s i g n e d   to   r e a c t  

r a d i a l   and  a x i a l   f o r c e s ,   such   as  b a l l   b e a r i n g s   28  a n d  

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

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

r a d i a l   and  a x i a l   b e a r i n g   p l a y   t h e r e b e t w e e n .   Some  o f  

t he   b e a r i n g   p l a y   i s   i n t e n t i o n a l l y   b u i l t   i n t o   t he   b e a r -  

ing  d u r i n g   m a n u f a c t u r e   to   a l l o w   f o r   s h r i n k a g e   of  t h e  

o u t e r   r a c e   when  i t   i s   p r e s s e d   i n t o   a  b o r e ,   e x p a n s i o n  

of  t h e   i n n e r   r a c e   when  i t   i s   p r e s s e d   on  a  s h a f t ,   a n d  

t h e r m a l   g r o w t h   when  t h e   b e a r i n g   r e a c h e s   o p e r a t i n g  

t e m p e r a t u r e   d u r i n g   u s e .   A d d i t i o n a l l y ,   some  of   t h e  

b e a r i n g   p l a y   i s   due  to  m a n u f a c t u r i n g   t o l e r a n c e s   of  t h e  

b e a r i n g   and  some  i s   due  to  m a n u f a c t u r i n g   t o l e r a n c e s   o f  

t he   b o r e s   and  s h a f t s   t h a t   r e c e i v e   the   r a c e s .   T h e s e  

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

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

m a n u f a c t u r i n g   c o s t s .   In  a  R o o t s   b l o w e r   w h e r e i n   t h e  

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

t o l e r a n c e   a f f e c t s   b e a r i n g   n o i s e ,   b e a r i n g   l i f e ,   and  t h e  

r u n n i n g   c l e a r a n c e s   b e t w e e n   t h e   r o t o r s   and  b l o w e r  

h o u s i n g   and  b e t w e e n   t h e   m e s h e d   l o b e s   of   t he   r o t o r s .  



With   the   a b o v e - d e s c r i b e d   b e a r i n g   a r r a n g e m e n t ,  

the   r o t o r   and  s h a f t   a s s e m b l i e s   a r e   r e a d i l y   p o s i t i o n e d  

w i t h   r e s p e c t   to  each   o t h e r   and  w i t h   r e s p e c t   to  t h e i r  

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

a d j u s t m e n t s   d u r i n g   a s s e m b l y   even   when  a x i a l   and  r a d i a l  

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

wide  r a n g e s .   F u r t h e r ,   t he   b e a r i n g   p l a y   i s   e f f e c t i v e l y  

r e d u c e d   to   z e r o   w i t h o u t   f e a r   of  b e a r i n g   o v e r l o a d ,  

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

l i f e ,   and  f a c i l i t a t i n g   the   use   of  minimum  r u n n i n g  

c l e a r a n c e s   b e t w e e n   t he   m e s h e d   l o b e s   of  t he   r o t o r s   a n d  

the   h o u s i n g   s u r f a c e s   d e f i n i n g   c h a m b e r s   42,  44.  To  

f u r t h e r   i m p r o v e   the   minimum  r u n n i n g   c l e a r a n c e   b e t w e e n  

the   m e s h e d   l o b e s   of  t he   r o t o r s   and  the   h o u s i n g  

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

2ES  w h i c h   i s   o b t a i n a b l e   f rom  S u p e r i o r   G r a p h i t e   C o m p a n y ,  

20  N o r t h   Wacke r   D r i v e ,   C h i c a g o ,   IL  60606 .   T h e  

m a t e r i a l ,   w h i c h   may  be  s p r a y e d   on ,   r e a d i l y   w e a r s   o r  

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

s u r f a c e s   u n t i l   s u b s t a n t i a l l y   z e r o   c l e a r a n c e   e x i s t s  

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

S u p e r c h a r g e r   10  i s   d e s i g n e d   to  be  r e a d i l y  

and  a c c u r a t e l y   a s s e m b l e d   in  mass   p r o d u c t i o n .   T h e  

r o t o r s   and  t h e i r   a s s o c i a t e d   s h a f t s   a r e   a s s e m b l e d   f i r s t .  

S i n c e   the   a l u m i n u m   of  t he   r o t o r s   has   a  g r e a t e r   c o e f f i -  

c i e n t   of  e x p a n s i o n   t h a n   t he   s t e e l   of  the   s h a f t s ,   t h e  

amount   of  i n t e r f e r e n c e   f i t   b e t w e e n   the   smoo th   s u r f a c e  

s h a f t   p o r t i o n s   and  t h e i r   a s s o c i a t e d   bore   p o r t i o n s   i s  

c a l c u l a t e d   to   e n s u r e   an  i n t e r f e r e n c e   f i t   when  t h e  

r o t o r s   a r e   o p e r a t i n g   a t   t h e i r   maximum  d e s i g n  

t e m p e r a t u r e .   To  p r e v e n t   m e t a l   d e f o r m a t i o n   such   a s  



g a l l i n g   of  the   r o t o r   b o r e s   and  b e n d i n g   of  t h e   s h a f t s  

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

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

d e s i g n   t e m p e r a t u r e .   When  t h e   s h a f t s   a re   f i r s t   p l a c e d  

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

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

d e f i n e d   by  t he   hub  p o r t i o n s   20g,   22g  and  p o r t i o n s   2 0 h ,  

22h  d e f i n e d   by  t he   d i f f e r e n c e   in  d i a m e t e r   of   t he   b o r e  

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

a x i a l   a l i g n m e n t   of  t h e   s h a f t s   in  t he   b o r e s   as  t h e  

s h a f t s  a r e   p r e s s e d   i n t o   t h e   b o r e s .   The  b r o a c h   s h a p e d  

s p l i n e s   on  t he   s h a f t s   c u t   m a t i n g   s p l i n e s   in   t h e  

s m o o t h l y   m a c h i n e d   s u r f a c e s   of  t he   b o r e   p o r t i o n s   2 0 f ,  

2 2 f .   T h i s   s e l f - b r o a c h i n g   f e a t u r e   r e d u c e s   m a c h i n i n g  

c o s t s   of  t h e   r o t o r s ,   s i n c e   t he   r e l a t i v e l y   e x p e n s i v e  

p r o c e s s   of   f o r m i n g   i n t e r n a l   s p l i n e s   or  k e y w a y s   in   a  

s m a l l   d i a m e t e r   b o r e   i s   a v o i d e d ,   r e d u c e s   a s s e m b l y   c o s t s  

s i n c e   t h e   s h a f t s   may  be  p r e s s e d   i n t o   t he   r o t o r   b o r e s  

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

t h e   s h a f t s   and  t h e i r   a s s o c i a t e d   r o t o r s   as  i s   n e c e s s a r y  
when  b o t h   the   s h a f t s   and  r o t o r   b o r e s   have   p r e v i o u s l y  

m a c h i n e d   s p l i n e s   or  k e y w a y s ,   and  the   s e l f - b r o a c h i n g  

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

t h e   s h a f t   and  r o t o r   a x e s   s i n c e   any  l a c k   of   c o n c e n -  

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

a x i s   w i l l   n o t   e f f e c t   s h a f t - r o t o r   c o n c e n t r i c i t y .  

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

on  a  p h a s i n g   and  a s s e m b l y   f i x t u r e   or  m a c h i n e   2 0 0  

i l l u s t r a t e d   in  FIGURES  5  and  6  to  f a c i l i t a t e  

p o s i t i o n i n g   t he   r o t o r s   in  h o u s i n g   14  and  i n s t a l l a t i o n  

of  b e a r i n g s   28,   30.  T h i s   p a r t   of  t he   a s s e m b l y   may  b e  

a c c o m p l i s h e d   p r i o r   to   use   of  f i x t u r e   200.  The  f i x t u r e  



i n c l u d e s   a  r e c t a n g u l a r   b a s e   202  h a v i n g   l o n g i t u d i n a l l y  

e x t e n d i n g   s i d e s   202a ,   202b ,   t r a n s v e r s e l y   e x t e n d i n g  

e n d s   2 0 2 c ,   202d ,   a  f l a t   u p p e r   s u r f a c e   2 0 2 e ,   a  f i r s t  

r a i s e d   s u r f a c e   202f   of  s o m e w h a t   c r e s c e n t   s h a p e ,   f i r s t  

and  s e c o n d   s t e p p e d   t h r o u g h   b o r e s   204,   206,   a  s t e p p e d  

a n n u l a r   r e c e s s   208,   a  t h r o u g h   b o r e   210  e x t e n d i n g  

l o n g i t u d i n a l l y   b e t w e e n   e n d s   2 0 2 c ,   202d ,   a  s t e p p e d   b o r e  

212  e x t e n d i n g   t r a n s v e r s e l y   b e t w e e n   s i d e s   202a ,   2 0 2 b  

and  i n t e r s e c t i n g   r e c e s s   208  and  b o r e   210,   a  s t e p p e d  

b o r e   214  e x t e n d i n g   b e t w e e n   end  202c  and  s t e p p e d   b o r e  

204 ,   a  s t e p p e d   b o r e   216  e x t e n d i n g   b e t w e e n   end  202d  a n d  

s t e p p e d   r e c e s s   208  and  a  b o r e   218  e x t e n d i n g   b e t w e e n  

end  202d  and  b o r e   212.   End  p l a t e s   220 ,   222  a r e   f i x e d  

to  t he   b a s e   by  a  p l u r a l i t y   of  b o l t s   224.   The  f i x t u r e  

may  be  moved  a b o u t   by  h a n d l e   221 ,   223  f i x e d   to   t h e   e n d  

p l a t e s .   B o r e s   210,   218  a r e   c l o s e d   a t   end  202d  by  e n d  

p l a t e   222 .   Bore   212  is   c l o s e d   a t   s i d e   202a  by  a  c o v e r  

226  f i x e d   to  t he   b a s e   by  a  p l u r a l i t y   of  cap   s c r e w s   2 2 8  

and  i s   c l o s e d   a t   s i d e   202b  by  a  d i a l   i n d i c a t o r   m o u n t  

230  f i x e d   to  t he   b a s e   by  a  p l u r a l i t y   of  cap  s c r e w s   2 3 2 .  

S t e p p e d   b o r e   204  i n c l u d e s   a  r e d u c e d   d i a m e t e r  

p o r t i o n   204a  m a c h i n e d   to  c l o s e   t o l e r a n c e   fo r   s l i d i n g  

r e c e i p t   of  b o s s   26b  of  s u p e r c h a r g e r   s h a f t   26.  B o r e  

214  i n c l u d e s   a  p o r t i o n   214a  t h r e a d a b l y   r e c e i v i n g   a  

l o c k   s c r e w   234  f i x e d   to  a  knob  236  v i a   a  s h a f t   238  f o r  

s e l e c t i v e l y   l o c k i n g   s h a f t   26  and  r o t o r   22  a g a i n s t  

r o t a t i o n   r e l a t i v e   to  s u r f a c e   2 0 2 f .  

S t e p p e d   a n n u l a r   r e c e s s   .208  i n c l u d e s   an  i n n e r  

w a l l   s u r f a c e   or  hub  208a  and  a  s h o u l d e r   or  s u p p o r t  

s u r f a c e   208b  b o t h   m a c h i n e d   to   c l o s e   t o l e r a n c e   f o r  

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

240  in  t h e   r e c e s s   f o r   c l o s e   t o l e r a n c e   r o t a t i o n   a b o u t  



the   a x i s   of  b o r e   206 .   A n n u l a r   member  240  i n c l u d e s   a n  

u p p e r   s u r f a c e   p o r t i o n   240a  d i s p o s e d   in  a  p l a n e   common 

to  the   p l a n e   of  s u r f a c e   2 0 2 f ,   a  s t e p p e d   t h r o u g h   b o r e  

242  h a v i n g   a  d o w e l   244  p r e s s e d   t h e r e i n   and  p r o j e c t i n g  

u p w a r d   b e y o n d   s u r f a c e   240a  fo r   f o r m i n g   a  c l o s e  

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

20e  in  r o t o r   20,  and  an  a n n u l a r   g e a r   or  p i n i o n   2 4 6  

h a v i n g   e x t e r n a l   s p u r   g e a r   t e e t h   246a  w i t h   a  p i t c h  

d i a m e t e r   or  c i r c l e   e q u a l   to   t he   p i t c h   d i a m e t e r   o r  

c i r c l e   of  l o b e s   20c  of  r o t o r   20.  A  s n a p   r i n g   2 4 8  

r e t a i n s   t he   a n n u l a r   member  in  r e c e s s   208  and  a  

p l u r a l i t y   of  s c r e w s   250  f i x i n g   the   p i n i o n   to   t h e  

a n n u l a r   member  w i t h   t h e   p i t c h   c i r c l e   c o n c e n t r i c   w i t h  

t h e   a x i s   of  b o r e   206.   Bore   206  i n c l u d e s   a  r e d u c e d  

d i a m e t e r   p o r t i o n   206a   m a c h i n e d   to  c l o s e   t o l e r a n c e   f o r  

r e c e i v i n g   b o s s   24a  of  r o t o r   s h a f t   24.  The  t r a n s v e r s e  

s p a c i n g   of  b o r e   p o r t i o n s   2 0 4 a ,   206a  i s   t h e   same  as  t h e  

t r a n s v e r s e   s p a c i n g   of  b o r e s   58,  60  in   end  w a l l   p o r t i o n  

14c  of  t he   s u p e r c h a r g e r   h o u s i n g   14.  A c c o r d i n g l y ,   w h e n  

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

f i x t u r e   200 ,   as  shown  in  FIGURE  6,  t h e   a x e s   of  s h a f t s  

24,  26  a s s u m e   t h e   same  p a r a l l e l   r e l a t i o n   to   e a c h   o t h e r  

t h e y   w i l l   have   a f t e r   f i n a l   a s s e m b l y   of  t h e   s u p e r -  

c h a r g e r .   Bore   216  i n c l u d e s   a  p o r t i o n   216a  t h r e a d a b l y  

r e c e i v i n g   a  l o c k   s c r e w   252  f i x e d   to  a  knob  254  v i a   a  
s h a f t   256  fo r   s e l e c t i v e l y   l o c k i n g   a n n u l a r   member  2 4 0  

a g a i n s t   r o t a t i o n   in  r e c e s s   208  and  a c c o r d i n g l y  

p r e v e n t i n g   r o t a t i o n   of  s h a f t   24  and  r o t o r   2 0 .  

S t e p p e d   b o r e   212  i n c l u d e s   a  b o r e   p o r t i o n  

212a  f o r m i n g   a  c l o s e   t o l e r a n c e   s l i d i n g   f i t   w i t h   a  

member  258  h a v i n g   a  b i f u r c a t e d   end  258a  s l i d a b l y  

r e c e i v i n g   one  end  of  a  r a c k   g e a r   260  h a v i n g   t e e t h   2 6 0 a  



in  mesh  w i t h   p i n i o n   t e e t h   246a .   End  258a  is   p a r t i a l l y  

s e c t i o n e d   and  shows   o n l y   the   b o t t o m   t i n e   p r o j e c t i n g  

b e y o n d   the   r a c k .   The  o t h e r   end  of  member  258  i n c l u d e s  

an  a n n u l a r   f l a n g e   or  head   258b  w h i c h   l i m i t s   m o v e m e n t  

of  t he   member  i n t o   t h e   b o r e   and  w h i c h   c o n t a c t s   a  d i a l  

i n d i c a t o r   l i n k   262 .   Rack  g e a r   260  is   l o o s e l y   c o n n e c t e d  

to  member  258  by  a  p i n   264  p r e s s e d   i n t o   t r a n s v e r s e  

b o r e s   in  t he   t i n e s   a t   t he   b i f u r c a t e d   e n d .   The  p in   i s  

l o o s e l y   r e c e i v e d   in  or  e x t e n d s   t h r o u g h   a  b o r e   266  i n  

t h e   r a c k   end .   The  r a c k   is   b i a s e d   in  i t s   l o n g i t u d i n a l  

d i r e c t i o n   by  a  s p r i n g   268  s e a t e d   a t   one  end  in  a  

r e c e s s   270  in  member  258  and  p u s h i n g   a t   t h e   o t h e r   e n d  

a g a i n s t   r a c k   260 .   The  r a c k   is  b i a s e d   in  i t s   t r a n s v e r s e  

d i r e c t i o n   by  a  s p r i n g   272  d i s p o s e d   in  b o r e   218  a n d  

r e a c t i n g   a t   one  end  a g a i n s t   end  p l a t e   222  and  a t   t h e  

o t h e r   end  a g a i n s t   a  b a l l   274  s l i d a b l y   d i s p o s e d   t h e  

b o r e .   S p r i n g s   268  and  272  r e s i l i e n t l y   r e m o v e   a l l   b a c k  

l a s h   in  one  d i r e c t i o n   b e t w e e n   t he   m e s h e d   t e e t h   o f  

p i n i o n   246  and  r a c k   2 6 0 .  

Bore  210  f o r m s   a  r a t h e r   c l o s e   t o l e r a n c e  

s l i d i n g   f i t   w i t h   a  r e l e a s e   rod  276  h a v i n g   a t   one  end  a  

b u t t o n l i k e   p o r t i o n   276a   e x t e n d i n g   t h r o u g h   end  p l a t e  

220  and  a t   the   o t h e r   end  a  b i f u r c a t e d   p o r t i o n  

t r a n s v e r s e l y   e x t e n d i n g   a c r o s s   b o r e   212 .   The  b i f u r c a t e d  

end  i s   p a r t i a l l y   s e c t i o n e d   to  show  t h e   b o t t o m   t i n e  

276b  w h i c h   s l i d a b l y   s u p p o r t s   t he   a d j a c e n t   end  of  r a c k  

260 .   A  r o u n d e d   a b u t m e n t   276c  c o n t a c t s   t h e   r a c k   and  a  

p i n   278,   p r e s s e d   i n t o   a  t r a n s v e r s e   b o r e   in  t h e ' t i n e s  

m a i n t a i n s   rod  276  in  b o r e   210.   A  b o l t   280 ,   t h r e a d e d  

i n t o   end  p l a t e   222 ,   l i m i t s   t r a v e l   of  t h e   r o d .  

A  p a r t i a l l y   shown  d i a l   i n d i c a t o r   282  o f  

c o n v e n t i o n a l   c o n s t r u c t i o n   i s   p o s i t i o n e d   on  moun t   2 3 0  



and  is   a c t u a t e d   by  l i n k   262  in  r e s p o n s e   to  l o n g i t u d i n a l  

movemen t   of  r a c k   2 6 0 .  

When  f i x t u r e   200  is  u s e d   to  f a c i l i t a t e  

p o s i t i o n i n g   t h e   r o t o r   a s s e m b l i e s   in  h o u s i n g   14  and  f o r  

i n s t a l l a t i o n   of   b e a r i n g s   28,  30,  b o s s e s   24b,   26b  a r e  

p l a c e d   in  b o r e s   208 ,   206  to  o r i e n t   t h e   axes   of  t h e  

r o t o r   a s s e m b l i e s   w i t h   r e s p e c t   to  e a c h   o t h e r .   C e n t e r  

h o u s i n g   s e c t i o n   14,  w i t h   s e a l s   62,  64  p r e s s e d   i n t o  

b o r e s   58,  60,  i s   t h e n   p l a c e d   on  t he   a s s e m b l i e s   w i t h  

r e m o v e a b l e   s h i m s   p o s i t i o n e d   b e t w e e n   end  f a c e s   20a ,   2 2 b  

and  end  w a l l   1 4 c .   B e a r i n g s   28,  30  a r e   t h e n   p r e s s e d  

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

s h o u l d e r s   58b ,   60b  and  the   i n n e r   r a c e s   a x i a l l y  

p o s i t i o n e d   on  b o s s e s   24a ,   26a  s u c h   t h a t   any  b e a r i n g  

p l a y   b e t w e e n   t h e   r a c e s   and  the   b a l l s   is   t a k e n   up  i n  

t he   d i r e c t i o n   of  t he   b e a r i n g   a s s e m b l i e s   32,  34.  T h e  

a x i a l   d i s t a n c e   b e t w e e n   t he   f a c e s   of  t he   i n n e r   r a c e s  

and  t he   s h o u l d e r s   d e f i n e d   by  t he   l e f t   end  of  b o s s e s  

24a,   26a  a r e   f i l l e d   by  a p p r o p r i a t e l y   s i z e d   s h i m s   8 4 ,  

73  w h i c h   a r e   r e s p e c t i v e l y   r e t a i n e d   by  p r e s s i n g   g e a r   3 6  

on  s h a f t   24  and  by  i n s e r t i n g   s n a p   r i n g  7 1 .   T h i s   p a r t  

of  t he   a s s e m b l y   may  be  a c c o m p l i s h e d   p r i o r   t o  

p o s i t i o n i n g   s h a f t   b o s s e s   24b,  26b  in  f i x t u r e   2 0 0 .  

B a c k l a s h   or  c l e a r a n c e   b e t w e e n   t he   m e s h e d  

l o b e s   of  r o t o r s   20,  22  is   t h e n   d e t e r m i n e d   u s i n g   t h e  

f o l l o w i n g   p r o c e d u r e .   R o t o r   22  i s   l o c k e d   or  f i x e d  

a g a i n s t   r o t a t i o n   r e l a t i v e   to  s u r f a c e   202f   by  l o c k  

s c r e w   234  and  r o t o r   20  is   t u r n e d   t h r o u g h   the   t o t a l  

c l e a r a n c e   b e t w e e n   t he   t h e n   m e s h e d   l o b e s .   T h e  

c l e a r a n c e   i s   shown  on  d i a l   i n d i c a t o r   282.   R o t o r   22  i s  

t h e n   u n l o c k e d ,   b u t t o n   276  i s   d e p r e s s e d   to  r e l e a s e   r a c k  

260  and  d i s e n g a g e   t he   d i a l   i n d i c a t o r   f rom  g e a r   2 4 6 ,  



and  r o t o r s   20,  22  a r e   r o t a t e d   to  new  p o s i t i o n s   t o  

d e t e r m i n e   the   c l e a r a n c e   b e t w e e n   a  d i f f e r e n t   s e t   o f  

m e s h e d   l o b e s   to  f i n d   t he   s e t   of  m e s h e d   l o b e s   h a v i n g  

the   minimum  b a c k l a s h   or  c l e a r a n c e .   The  c l e a r a n c e  

b e t w e e n   t h e   s e t   of  l o b e s   h a v i n g   t h e   minimum  c l e a r a n c e  

i s   t h e n   s e t   to  p r o v i d e   a  min imum  b a c k l a s h   in  e a c h  

d i r e c t i o n .   R o t o r   20  i s   t h e n   l o c k e d   or  f i x e d   a g a i n s t  

r o t a t i o n   r e l a t i v e   to  r o t o r   22  by  l o c k   s c r e w   2 5 2 .  

T i m i n g   g e a r   38  i s   t h e n   l o o s e l y   p o s i t i o n e d   on  t a p e r e d  

p o r t i o n   26m  of  s h a f t   26  and  m e s h e d   w i t h   g e a r   36  t o  

e f f e c t   p r o p e r   t i m i n g   t h e r e b e t w e e n .   An  a x i a l   f o r c e   i s  

a p p l i e d   to  s e a t   g e a r   38  on  t h e   t a p e r e d   s u r f a c e   a n d  

g e a r   38  i s   t h e n   l o c k e d   on  t he   t a p e r e d   s u r f a c e   b y  

t h r e a d i n g   n u t   72  i n t o   a b u t m e n t   w i t h   the   g e a r .   In  t h e  

m o d i f i e d   fo rm  of  FIGURE  4,  g e a r   76  f r e e l y   t e l e s c o p e s  

on  s h a f t   74  f a r   e n o u g h   to  a l l o w   m e s h i n g   e n g a g e m e n t  

w i t h   g e a r   36;  t h e   a d j u s t e d   b a c k l a s h   i s   l o c k e d   b y  

p r e s s i n g   g e a r   76  on  s h a f t   74  in  a  m a n n e r   a n a l o g o u s   t o  

p r e s s i n g   g e a r   36  on  s h a f t   2 4 .  

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

r e m o v e d   f rom  t he   f i x t u r e   to  a l l o w   i n s t a l l a t i o n   of  e n d  

s e c t i o n   18  and  b e a r i n g   a s s e m b l i e s   32,   34.  The  s p r i n g s  

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

a s s e m b l y   to  t he   r i g h t ,   as  v i e w e d   in  FIGURE  1,  t h e r e b y  

r e m o v i n g   a l l   a x i a l   and  r a d i a l   b e a r i n g   p l a y   a n d  

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

c o n t r a c t   a x i a l l y   due  to  t e m p e r a t u r e   c h a n g e s .   T h e  

a x i a l   e x p a n s i o n   and  c o n t r a c t i o n   w i l l   a l w a y s   o c c u r  

r e l a t i v e   to  b e a r i n g   a s s e m b l i e s   28,  30  s i n c e   t h e i r  

i n n e r   and  o u t e r   r a c e s   a r e   r e s p e c t i v e l y   f i x e d   r e l a t i v e  

to  t he   s h a f t s _ a n d   h o u s i n g   and  s i n c e   the   s p r i n g  

a s s e m b l i e s   a l w a y s   b i a s   t h e   s h a f t   and  r o t o r   a s s e m b l i e s  



to   t he   r i g h t .   F u r t h e r ,   t he   a x i a l   e x p a n s i o n s   a n d  

c o n t r a c t i o n s   w i l l   no t   a p p r e c i a b l y   c h a n g e   p r e l o a d   o f  

t h e   b e a r i n g s   s i n c e   t h e   s p r i n g   a s s e m b l i e s   m a i n t a i n   t h e  

p r e l o a d   s u b s t a n t i a l l y   c o n s t a n t .   End  s e c t i o n   16  w i t h  

s e a l   70  and  b e a r i n g   68  p o s i t i o n e d   in  b o r e   66  may  t h e n  

be  a t t a c h e d   to  c e n t e r   h o u s i n g   s e c t i o n   14  v i a   b o l t s  

5 0 .  

Two  e m b o d i m e n t s   of  a  s u p e r c h a r g e r   and  one  o f  

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

i l l u s t r a t i v e   p u r p o s e s .   Many  v a r i a t i o n s   and  m o d i f i c a -  

t i o n s   of  the   d i s c l o s e d   e m b o d i m e n t s   a r e   b e l i e v e d   to  b e  

w i t h i n   t he   s p i r i t   of  t h e   i n v e n t i o n .   The  f o l l o w i n g  

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

d i s c l o s e d   e m b o d i m e n t s   and  v a r i a t i o n s   and  m o d i f i c a t i o n s  

b e l i e v e d   to  be  w i t h i n   t h e   s p i r i t   of  t h e   i n v e n t i v e  

p o r t i o n s .  



1.  A  m a c h i n e   (200)  o p e r a t i v e   d u r i n g  

a s s e m b l y   of  a  r o t a r y   b l o w e r   (10)  to   t i m e   m e s h e d ,  

n o n c o n t a c t i n g   l o b e s   ( 2 0 c ,   22c)  of  f i r s t   (20)  a n d  

s e c o n d   (22)  r o t o r s   r e s p e c t i v e l y   f i x e d   to  f i r s t   ( 2 4 )  

and  s e c o n d   (26)  p a r a l l e l   s h a f t s   t r a n s v e r s e l y   s p a c e d   a  

p r e d e t e r m i n e d   d i s t a n c e   a p a r t   and  d r i v e n   in  a  f i x e d  

a n g u l a r   r e l a t i o n   by  f i r s t   (36)  and  s e c o n d   (38)  m e s h e d  

t i m i n g   g e a r s   r e s p e c t i v e l y   f i x e d   to  p o r t i o n s   ( 24n ,   26m) 

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

f a c e s   ( 2 0 a ,   22a)  of  t h e   r o t o r s   w h i l e   t h e   s h a f t s   a t  

s a i d   a d j a c e n t   end  f a c e s   a r e   s u p p o r t e d   in  b e a r i n g  

a s s e m b l i e s   (28,   30)  c a r r i e d   by  a  p o r t i o n   (14c)   of  t h e  

b l o w e r   h o u s i n g   (14)  and  p r i o r   to  m e s h i n g   i n s t a l l a t i o n  

of  t he   s e c o n d   g e a r   w i t h   t he   f i r s t   g e a r ;   t h e   m a c h i n e  

c o m p r i s i n g :   . 
a  b a s e   (202)  h a v i n g   f i r s t   (240a )   a n d  

s e c o n d   (202a)   s u r f a c e s   d i s p o s e d   in  a  common  p l a n e   f o r  

s u p p o r t i n g   t he   o t h e r   a d j a c e n t   end  f a c e s   ( 20b ,   22b)  o f  

t h e   r o t o r s   t h e r e o n   a g a i n s t   r o t a t i o n   r e l a t i v e   to  t h e i r  

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

w i t h   t he   a x e s   of  t he   s h a f t s   s p a c e d   s a i d   p r e d e t e r m i n e d  

d i s t a n c e   a p a r t ,   one  of  s a i d   s u r f a c e s   ( 2 4 0 a )   d e f i n e d   by  

a  member  (240)  m o u n t e d   f o r   r o t a t i o n   r e l a t i v e   to  t h e  

o t h e r   s u r f a c e   and  a b o u t   t he   a x i s   of  t he   a s s o c i a t e d  

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

b e t w e e n   the   meshed   l o b e s .  

2.  The  m a c h i n e   of  C l a i m   1,  f u r t h e r  

i n c l u d i n g :  



means  (252)  f o r   p r e v e n t i n g   s a i d   r e l a t i v e  

r o t a t i o n   b e t w e e n   the   s u r f a c e s   ( 2 4 0 a ,   202a)  a f t e r  

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

f i x i n g   t h e   s e c o n d   g e a r   (38)  on  the   s e c o n d   s h a f t   ( 2 6 )  

in  m e s h i n g   e n g a g e m e n t   w i t h   t he   f i r s t   g e a r   ( 3 6 ) .  

3.  The  m a c h i n e   of  C l a i m   1,  f u r t h e r  

i n c l u d i n g :  

r e a d o u t   means   (282)  f o r   i n d i c a t i n g   t h e  

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

r e s p o n s e   to   r o t a t i o n   of  s a i d   one  s u r f a c e   ( 2 4 0 a ) .  

4.  The  m a c h i n e   of  C l a i m   3,  w h e r e i n   s a i d  

r e a d o u t   means   i n c l u d e s :  

means   m o v e a b l e   (246)  w i t h   and  f i x e d   t o  

s a i d   member   (240)  and  in  a x i a l   a l i g n m e n t   w i t h   a  p o i n t  

on  t h e   p i t c h   c i r c l e   of  t he   l o b e s   (20c)   of  t he   r o t o r  

(20)  s u p p o r t e d   on  s a i d   one  (240a)   s u r f a c e ;   a n d  

means   (260)  o p e r a t i v e   in  r e s p o n s e   t o  

m o v e m e n t   of  s a i d   means   m o v e a b l e   (246)   to  p r o v i d e   a  

d i r e c t   i n d i c a t i o n   of  t he   c l e a r a n c e   b e t w e e n   t he   m e s h e d  

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

t h e   l o b e s .  

5.  The  m a c h i n e   of  C l a i m   1,  f u r t h e r  

i n c l u d i n g :  

a  p i n i o n   g e a r   (246)  f i x e d   to   s a i d   m e m b e r  

(240)  and  h a v i n g   e x t e r n a l   g e a r   t e e t h   ( 246a )   w i t h   a  

p i t c h   d i a m e t e r   s u b s t a n t i a l l y   e q u a l   to  t he   p i t c h  

d i a m e t e r   of  the   l o b e s   of  t h e   r o t o r   s u p p o r t e d   by  s a i d  

s u r f a c e   (240a)   d e f i n e d   by  s a i d   member  (240)  a n d  

c o n c e n t r i c   to   the   r o t a t i o n a l   a x i s   of  s a i d   m e m b e r ;  

a  r a c k   g e a r   (260)  h a v i n g   t e e t h   (260a )   i n  

mesh  w i t h   t he   t e e t h   (246a )   of  s a i d   p i n i o n   g e a r   a n d  



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

member  ( 2 4 0 ) ;  

an  i n d i c a t o r   (282)  c o n n e c t e d   w i t h   s a i d  

r a c k   f o r   r e c o r d i n g   a  o n e - t o - o n e   i n d i c a t i o n   of  t h e  

c l e a r a n c e   b e t w e e n   s a i d   l o b e s .  

6.  The  m a c h i n e   of  C l a i m   5,  f u r t h e r  

i n c l u d i n g :  

means   ( 276a )   f o r   p i v o t a l l y  m o v i n g   s a i d  

r a c k   g e a r   ou t   of  mesh  w i t h   s a i d   p i n i o n   g e a r   (246)   t o  

a l l o w   r o t a t i o n   of  s a i d   member  (240)  w i t h o u t   s l i d a b l y  

m o v i n g   s a i d   r a c k   g e a r   ( 2 6 0 ) .  

7.  The  m a c h i n e   of  C l a i m   6,  f u r t h e r  

i n c l u d i n g :  

r e s i l i e n t   means   (268 ,   272)  b i a s i n g   s a i d  

r a c k   g e a r   t e e t h   ( 260a )   i n t o   m e s h i n g   e n g a g e m e n t   w i t h  

s a i d   p i n i o n   g e a r   t e e t h   ( 2 4 6 a ) .  

8.  The  m a c h i n e   of  C l a i m   7,  w h e r e i n   s a i d  

r e s i l i e n t   means   (268 ,   272)  i n c l u d e s :  

means   (272)   b i a s i n g   s a i d   r a c k   g e a r  

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

of  s a i d   r a c k   g e a r   ( 2 6 0 ) .  

9.  The  m a c h i n e   of  C l a i m   8,  w h e r e i n   s a i d  

r e s i l i e n t   means   ( 268 ,   272)  f u r t h e r   i n c l u d e s :  

means   (268)  b i a s i n g   s a i d   r a c k   g e a r   i n  

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

g e a r .  

10.  The  m a c h i n e   of  C l a i m   9,  f u r t h e r  

i n c l u d i n g :  

means   (252)  f o r   p r e v e n t i n g   s a i d   r e l a t i v e  



r o t a t i o n   b e t w e e n   the   s u r f a c e s   ( 2 0 2 a ,   240a)   a f t e r  

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

f i x i n g   t he   s e c o n d   g e a r   (38)  on  t he   s e c o n d   s h a f t   ( 2 6 )  

in  m e s h i n g   e n g a g e m e n t   w i t h   t h e   f i r s t   g e a r   ( 3 6 ) .  
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