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@  A  method  and  apparatus  for  sharpening  knives,  blades, 
and  the  like  utilizing  a  rotating  displaceable  abrasive  disk 
where  the  abrading  force  on  the  knife  cutting  edge  facet  in 
parallel  contact  with  the  surface  of  the  disk  perpendicular  to 
its  axis  of  rotation  is  controlled  by  a  biasing  means  such  as 
a  spring  or  equivalent,  the  position  of  the  cutting  edge  facet 
on  the  disk  is  established  by  two  appropriate  stops  contigu- 
ous  to  the  disk  and  the  angle  between  the  principal  plane  of 
the  disk  and  the  face  of  the  knife  is  controlled  precisely  so 
as  to  accommodate  knives  of  different  thickness  and  shape. 
Magnetic  means  to  control  the  angle  are  claimed.  Methods 
and  apparatus  include  sequential  steps  that  utilize  one  or 
more  orbiting  abrasive  surfaces  together  with  an  abrasive 
disk  sharpener  where  in  each  step  there  is  a  guide,  prefer- 
ably  magnetic,  to  control  the  sharpening  angle  and  where 
the  angle  is  progressively  greater  in  those  sharpening  steps 
where  the  orbiting  abrasive  elements  are  employed.  Also 
claimed  are  means  in  a  disk  sharpener  to  prevent  acciden- 
tal  contact  of  the  face  of  the  blade  with  the  moving  abrasive 
surface. 
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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  a  new  and  i m p r o v e d   m e t h o d   a n d  

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

c r e a t e   a  s u p e r i o r   c u t t i n g   e d g e .   As  u s e d   h e r e i n ,   t he   t e r m  

k n i f e   s h a l l   be  d e f i n e d   to  i n c l u d e   any  s o r t   of  b l a d e   such   a s  

c h i s e l s ,   p l a n e   e d g e s ,   s c i s s o r s ,   r a z o r   b l a d e s ,   and  s i m i l a r  

p r e c i s i o n   e d g e s   or  c u t t i n g   t o o l s .  

T h e r e   a r e   a  w ide   v a r i e t y   of  known  means   f o r   s h a r p e n i n g  

k n i v e s   some  of  w h i c h   a r e   d i s c u s s e d   in  t he   c o p e n d i n g   U . S .  

a p p l i c a t i o n   c i t e d   a b o v e .   The  l a r g e   n u m b e r   and  w ide   v a r i e t y  

of  e x i s t i n g   means   d i s c u s s e d   in  t h a t   a p p l i c a t i o n   f o r   s h a r p e n -  

ing  k n i v e s   is  t e s t i m o n y   to  t he   c o m p l e x i t y   and  d i f f i c u l t y   o f  

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

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

T h e r e   is  t o d a y   in  f a c t   no  known  a v a i l a b l e   means   f o r   t h e  

u n s k i l l e d   to  p r o d u c e   r a p i d l y   and  c o n s i s t e n t l y   r a z o r - l i k e  

c u t t i n g   e d g e s   on  k n i v e s .  

R a p i d   s h a r p e n i n g   r e q u i r e s   a  means  to  r e m o v e   r a p i d l y   t h e  

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

s t e e l   or  a  s t a i n l e s s   s t e e l .   The  r a t e   of  m e t a l   r e m o v a l   i s  

r e l a t e d   to  t he   i n h e r e n t   h a r d n e s s   of  t he   a b r a s i v e   u s e d ,   t h e  

p a r t i c l e   s i z e ,   or  g r i t   as  i t   is  commonly   c a l l e d ,   of  t h e  

a b r a s i v e ,   t he   a p p l i e d   p r e s s u r e   on  the   k n i f e   e d g e ,   and  t h e  



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

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

u s e d   f o r   m e t a l   r e m o v a l   is  d i a m o n d   w i t h   a  h a r d n e s s   of  10  on 

t he   Mohs '   s c a l e ,   c o m p a r e d   to  a b o u t   5 . 5   or  so  f o r   many  s t e e l  

a l l o y   k n i v e s .   O t h e r   m a t e r i a l s   such   as  a l u m i n a ,   h i g h   d e n s i t y  

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

l i k e   a l s o   a r e   h a r d e r   t h a n   mos t   s t e e l s   and  h e n c e   can  be  u s e d  

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

C r e a t i o n   of  t he   f i n e s t   c u t t i n g   e d g e s   on  t he   o r d e r   o f  

one  t e n t h o u s a n d t h   ( 1 / 1 0 , 0 0 0 )   of  an  i n c h   in  w i d t h   can  b e  

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

g r i t   mus t   be  u s e d   and  the   v e l o c i t y   of  t he   a b r a s i v e   must   b e  

h e l d   b e l o w   a  c r i t i c a l   l i m i t   to  a v o i d   o v e r h e a t i n g   t he   t h i n  

and  f i n e   edge   b e i n g   c r e a t e d   by  t he   a b r a s i v e   a c t i o n .   An 

a b r a s i v e   s y s t e m   and  a p p a r a t u s   d e s i g n e d   to  c r e a t e   f i n e   e d g e s  

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

a b o v e   w i l l   r e m o v e   m e t a l   a t   a  r a t e   l o w e r   t h a n   a  s y s t e m   w h e r e  

t h e   a b r a s i v e   p a r t i c l e s   a re   l a r g e r   and  m o v i n g   a t   h i g h e r  

v e l o c i t i e s .  

B e c a u s e   c r e a t i o n   of  t he   f i n e s t   c u t t i n g   e d g e s   i n v o l v e s  

i n h e r e n t l y   a  s l o w e r   m e t a l   r e m o v a l   r a t e ,   any  p r o c e s s   d e s i g n e d  

to  c r e a t e   s u c h   e d g e s   is  no t   o p t i m u m   f o r   t he   t a s k   of  i n i t i a l  

m e t a l   r e m o v a l   s u c h   as  w h e r e   a  k n i f e   is  f i r s t   b e i n g   f o r m e d   o r  

w h e r e   t he   b l a d e   is  p a r t i c u l a r l y   d u l l .   C o n s e q u e n t l y ,   t o  

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

to  c r e a t e   a  t h i n   and  f i n e   edge   of  a  t h i c k n e s s   l i m i t e d   o n l y  

by  t h e   c o m p o s i t i o n   of  k n i f e   and  i t s   c r y s t a l l - i n e   s t r u c t u r e ,  

one  u s u a l l y   r e s o r t s   to  a  s e r i e s   of  d i f f e r e n t   and  t i m e  

c o n s u m i n g   g r i n d i n g   and  s h a r p e n i n g   o p e r a t i o n s .   None  of  t h e  

i n t e g r a t e d   s h a r p e n i n g   e q u i p m e n t   e x i s t e n t   t o d a y   a r e  



s a t i s f a c t o r y   f o r   t h e   r a p i d   g e n e r a t i o n   of  f i n e   e d g e s   on  t h e  

o r d e r   of  1 / 1 0 , 0 0 0   i n c h   on  o t h e r w i s e   v e r y   d u l l   k n i v e s .  

Much  p r i o r   a r t   has  been   c o n c e r n e d   w i t h   d i s k   t y p e  

s h a r p e n e r s   f o r   r a p i d   s h a r p e n i n g   such   as  d e s c r i b e d   in  U . S .  

P a t e n t   No.  3 , 6 8 0 , 2 6 4 .   They  have   p r o v e d   u n s a t i s f a c t o r y  

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

w h i c h   m a n i f e s t   d i f f i c u l t i e s   in  p o s i t i o n i n g   t h e   k n i f e   a c c u -  

r a t e l y ,   in  c o n t r o l l i n g   t h e   a n g u l a r   r e l a t i o n s h i p   of  t h e   k n i f e  

w i t h   t he   d i s k   f a c e ,   and  in  c r e a t i n g   e x c e s s i v e   h e a t i n g   of  t h e  

k n i f e   edge   d u r i n g   s h a r p e n i n g .   A  m o s t   s e r i o u s   d i s a d v a n t a g e  

has  been   t he   t e n d e n c y   of  t he   d i s k   to  " g r a b "   t h e   k n i f e   w h e n  

i t s   edge   is  r e s t e d   on  t h e   f l a t   s u r f a c e   of  t h e   d i s k   and  t o  

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

in  an  u n c o n t r o l l e d   m a n n e r .   Such  g r a b b i n g   o c c u r s   i f   t h e r e   i s  

i n s t a b i l i t y   in  t he   c o n t r o l   of  t h e   a n g l e   t h a t   t h e   k n i f e   f a c e  

makes   w i t h   t he   d i s k   f a c e ,   or  i n a d e q u a t e   means   to  h o l d   t h e  

k n i f e   edge   p a r a l l e l   to  t h e   f l a t   s u r f a c e   o f  t h e   d i s k ,   or  p o o r  

c o n t r o l   o v e r   t he   c o n s i s t e n c y   of  f o r c e   a p p l i e d   to  t he   k n i f e  

edge   by  t he   d i s k   or  o p e r a t o r   d u r i n g   s h a r p e n i n g .  

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

is   p o o r   c o n t r o l   of  k n i f e   a n g l e   r e l a t i v e   to  t he   r o t a t i n g   d i s k  

such   as  e x e m p l i f i e d   in  p r i o r   a r t   U .S .   P a t e n t   No.  2 , 4 9 6 , 1 3 9  

t h a t   a c t u a l l y   a l l o w s   t h e   k n i f e   g u i d e   to  w o b b l e   and  t h e  

s h a r p e n i n g   a n g l e   to  be  d e t e r m i n e d   more  by  o p e r a t o r   s k i l l   o r  

by  the   k n i f e   w i d t h   and  t h i c k n e s s .   Poor   c o n t r o l   of  t he   k n i f e  

edge   p a r a l l e l   to  d i s k   f a c e   or  p o o r   c o n t r o l   of  t h e   a n g l e   o f  

k n i f e   f a c e   r e l a t i v e   to  t he   p r i n c i p a l   p l a n e   of  a  d i s k   s h a r p e -  

ne r   is  u n a c c e p t a b l e   i f   one  w i s h e s   to  o p t i m i z e   b l a d e   e d g e  

s h a r p n e s s   and  to  a v o i d   g o u g i n g .  

To  m i n i m i z e   such   u n c o n t r o l l e d   g o u g i n g   and  g r a b b i n g   o f  



k n i v e s   s h a r p e n e d   w i t h   d i s k s ,   t he   p r i o r  a r t  c o m m o n l y   h a s  

r e s o r t e d   to  m a i n t a i n i n g   c o n t a c t   of  t he   k n i f e   edge   o n l y   w i t h  

t he   c o r n e r   edge   of  t he   d i s k   such   as  d e s c r i b e d   in  U .S .   P a t e n t  

No.  3 , 3 3 4 , 4 4 6   and  d e l i b e r a t e l y   a v o i d i n g   a  p l a n a r   c o n t a c t  

b e t w e e n   t he   k n i f e   edge   f a c e t   and  t h e   d i s k   f a c e   p e r p e n d i c u l a r  

to  i t s   a x i s   of  r o t a t i o n .   In  t h a t   p a t e n t   t he   d e s c r i b e d   d i s k  

is  s p r i n g   l o a d e d   to  h e l p   r e d u c e   g o u g i n g   and  t he   k n i f e   i s  

p o s i t i o n e d   on  a  r i g i d   h o l d e r   by  means   of  a  l e a f   s p r i n g  

p r e s s i n g   a g a i n s t   t he   k n i f e .   A  g u i d i n g   means  in  t h i s   s h a r p e -  

n e r   on  one  s i d e   of  t he   d i s k   edge   l i m i t s   t he   m o v e m e n t   of  t h e  

k n i f e   t o w a r d   t he   d i s k .   Even  w i t h   t h e s e   p r e c a u t i o n s ,   b y  

d e l i b e r a t e l y   a v o i d i n g   p l a n a r   c o n t a c t   w i t h   t he   d i s k   f a c e  

p e r p e n d i c u l a r   to  i t s   a x i s   of  r o t a t i o n   t h e r e   is  o n l y   a  p o i n t  

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

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

the   k n i f e   e d g e .   The  a b r a s i v e   p a s s e s   t he   k n i f e   edge   i n  

e s s e n t i a l l y   one  f i x e d   d i r e c t i o n   w h i c h   l e a v e s   b u r r s   a n d  

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

A  common  v e r s i o n   of  t h i s   a p p r o a c h   is  d e s c r i b e d   in  U . S .  

P a t e n t   No.  2 , 7 7 5 , 0 7 5   w h e r e   t h e   edge   of  t he   a b r a s i v e   d i s k   i s  

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

t he   k n i f e   edge   w i t h   t he   a b r a s i v e .   The  t e n d e n c y   of  s u c h  

s h a r p e n e r s   to  g o u g e   k n i f e   b l a d e s   is  we l l   known  and  a t   b e s t  

t he   r e s u l t i n g   k n i f e   edge   is  p o o r l y   d e f i n e d   and  s e r r a t e d .   I n  

a l l   such   s h a r p e n e r s   t h e   a b r a s i v e   p a s s e s   t he   k n i f e   edge   i n  

e s s e n t i a l l y   one  f i x e d   d i r e c t i o n   w h i c h   c r e a t e s   t h e   s e r r a t i o n s  

and  a  s i z e a b l e   b u r r   on  t h e   k n i f e   e d g e .  

A  c o m p l e x   s h a r p e n e r   c o v e r e d   by  U.S.   P a t e n t   N o .  

2 , 5 1 9 , 3 5 1   c o n t a i n s   two  p a i r ,   a  t o t a l   of  f o u r   (4)  a b r a s i v e  

b l o c k s ,   one  p a i r   of  w h i c h   is  b i a s e d   to  move  t o w a r d   t h e  



o t h e r ,   t h a t   s h a r p e n s   by  a  r e c i p r o c a t i n g  r e c t i l i n e a r   m o t i o n  

s i m u l t a n e o u s l y   b o t h   c u t t i n g   edge   f a c e t s   of  a  k n i f e .   T h e  

k n i f e   is  h e l d   by  t h r e e   s e t s   of  j a w s   in  a  p o s i t i o n i n g   m e a n s  

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

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

t he   p o s i t i o n i n g   means   by  e n g a g i n g   t he   s i d e s   of  t he   k n i f e   i n  

one  or  more  of  t h r e e   (3)  g r o o v e d   b l o c k s .   In  a d d i t i o n   to  i t s  

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

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

k n i f e   edge   w h i c h   c u t s   by  t e a r i n g   and  has  p o o r   w e a r   c h a r a c -  

t e r i s t i c s .   The  f r e e   f l o a t i n g   d e s i g n   of  t he   p o s i t i o n i n g  

means   and  t he   i n h e r e n t   t e n d e n c y   of  t he   two  c u t t i n g   e d g e  

f a c e t s   of  t he   b l a d e   to  jam  in  t he   g r o o v e d   b l o c k   makes   t h i s  

i n a p p l i c a b l e   in  v i r t u a l l y   any  o t h e r   s h a r p e n e r .   B e c a u s e   b o t h  

s i d e s   of  t he   k n i f e   or  s i d e s   of  i t s   c u t t i n g   edge   f a c e t s   a r e  

u s e d   to  m o d e r a t e   t he   d e g r e e   of  k n i f e   i n s e r t i o n   i n t o   t h e  

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

t h i s   p r i o r   a r t   p o s i t i o n i n g   means   is  i n a p p l i c a b l e   w h e r e   a 

p r e c i s e   p o s i t i o n i n g   of  t he   k n i f e   edge   is  n e c e s s a r y .   T h e  

d e g r e e   of  i n s e r t i o n   of  t he   k n i f e   edge   and  h e n c e   i t s   p o s i t i o n  

d e p e n d s   on  t he   w i d t h   of  t he   k n i f e ,   on  the   w i d t h   and  a n g l e   o f  

i t s   c u t t i n g   edge   f a c e t   and  on  t he   d e g r e e   of  m a n u a l   p r e s s u r e  

a p p l i e d   d u r i n g   i n s e r t i o n   and  m o v e m e n t   of  t he   k n i f e .  

U.S .   P a t e n t   No.  2 , 7 5 1 , 7 2 1   d e s c r i b e s   a  s h a r p e n e r   w i t h   a 

drum  s h a p e d   a b r a s i v e   e l e m e n t   w h e r e   t he   k n i f e   c u t t i n g   e d g e  

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

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

r o t a t i o n   of  t he   drum.   The  a b r a d i n g   f o r c e   on  the   c u t t i n g  

edge   is  d e t e r m i n e d   s o l e l y   by  t he   d e g r e e   of  hand  p r e s s u r e  

a p p l i e d   to  the   k n i f e   by  the   o p e r a t o r   w h i c h   l e a d s   t o  



s i g n i f i c a n t   i n c o n s i s t e n c i e s   in  a b r a d i n g   r a t e ,   p o o r   e d g e  

f o r m a t i o n ,   and  g o u g i n g   of  t he   edge   --   p r o b l e m s   common  t o  

much  of  t he   p r i o r   a r t .   P o s i t i o n   and  s t a b i l i t y   of  t h e  

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

edge   f a c e t   a g a i n s t   t he   a b r a s i v e   s u r f a c e   is  p o o r   b e c a u s e   o f  

t h e i r   d e p e n d e n c y   on  the   a m o u n t   of  p r e s s u r e   a p p l i e d   by  t h e  

o p e r a t o r   and  by  t he   p r o f i l e   of  t he   s e v e r a l   b e v e l   f a c e s  

common  to  t he   e x i s t e n t   v a r i e t y   of  c o m m o n l y   a v a i l a b l e   k n i v e s .  

U.S.   P a t e n t   No.  2 , 6 4 5 , 0 6 3   d e s c r i b e s   a  s h a r p e n e r   w i t h   a 

drum  s u r f a c e   and  a  g u i d e   m e c h a n i s m   w h i c h   p r o v i d e s   s t o p s   t h a t  

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

i t s e l f .   Such  s t o p s   a r e   i m p r a c t i c a l   b e c a u s e   of  t h e   c o n s t a n t  

d u l l i n g   e f f e c t   on  t h e   edge   c r e a t e d   by  r u b b i n g   i t   d i r e c t l y  

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

and  U.S.   P a t e n t   No.  2 , 7 5 1 , 7 2 1   d e s c r i b e   s h a r p e n e r s   t h a t  

i n c o r p o r a t e   a  m a g n e t .   The  m a g n e t i c   f i e l d   does   no t   s u p p o r t  

or  g u i d e   t he   k n i f e .  

SUMMARY  OF  THE  INVENTION 

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

t i o n   of  t h i n ,   f i n e   e d g e s   on  d u l l   k n i v e s   and  o t h e r   b l a d e s   a r e  

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

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

i m p r o v e d   d i s k   s h a r p e n e r .   A l so   c l a i m e d   is   s u c h   d i s k   s h a r p e -  

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

the   c o p e n d i n g   a p p l i c a t i o n   c i t e d   a b o v e .   The  use   of  a  u n i q u e  

d i s k   s h a r p e n e r   as  d e s c r i b e d   h e r e   can  p r o d u c e   q u i c k l y   i n  

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

s h a r p   edge   w i t h   r e d u c e d   r i s k   of  g o u g i n g ,   o v e r h e a t i n g ,   o r  



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

F o l l o w i n g   t he   use  of  a  d i s k   s h a r p e n e r ,   by  u s i n g   t h e   u n i q u e  

o r b i t a l   s h a r p e n e r   of  t he   c o p e n d i n g   U.S.   a p p l i c a t i o n   c i t e d  

a b o v e ,   a  v e r y   t h i n   and  f i n e r   e d g e   can  be  g e n e r a t e d   q u i c k l y .  

Most  e f f e c t i v e   use  of  t h e s e   m e t h o d s   and  a p p a r a t u s   d e p e n d s  

c r i t i c a l l y   on  the   c o n t r o l   of  s h a r p e n i n g   a n g l e   in  e a c h   s t e p .  

The  d i s k   s h a r p e n e r   d e s c r i b e d   h e r e   is  e q u i p p e d   w i t h   a 

p r e c i s i o n   k n i f e   g u i d e   and  a  p r e c i s i o n   n o n - d a m a g i n g   s t o p  

m e c h a n i s m   t h a t   a c t s   on  j u s t   one  of  t he   c u t t i n g   e d g e   f a c e t s  

as  p a r t   of  a  k n i f e   c o n t r o l   s y s t e m   t h a t   u n i q u e l y   p o s i t i o n s  

one  k n i f e   c u t t i n g   edge   f a c e t   in  c o n t a c t   w i t h   and  p a r a l l e l   t o  

t h a t   f a c e   of  an  a b r a s i v e   d i s k   w h i c h   is  p e r p e n d i c u l a r   to  i t s  

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

guous   to  t he   a b r a s i v e   d i s k   f a c e   s i m u l t a n e o u s l y   c o n t r o l s  

p r e c i s e l y   t he   a n g l e   of  t he   k n i f e   f a c e   r e l a t i v e   to  t h a t   f a c e  

of  t he   d i s k ,   and  in  c o n j u n c t i o n   w i t h   a  b i a s i n g   means   a c t i n g  

on  the   d i s k   c o n t r o l s   t he   l e v e l   and  c o n s i s t e n c y   of  f o r c e   o f  

the   a b r a s i v e   d i s k   a g a i n s t   t he   k n i f e   c u t t i n g   edge   f a c e t ,   a n d  

a v o i d s   t he   s e r i o u s   p r o b l e m   of  g o u g i n g   the   k n i f e   edge   common 

to  p r i o r   d i s k   s h a r p e n e r s .   The  d i s k   and  g u i d e   means   a r e  

p o s i t i o n e d   p r e c i s e l y   w i t h   t he   k n i f e   r e m o v e d   to  be  c o n t i g u -  

o u s ,   d e f i n e d   h e r e   as  i m m e d i a t e l y   a d j a c e n t   bu t   r e s t r a i n e d  

f rom  t o u c h i n g .   The  s e p a r a t i o n   of  t he   d i s k   f a c e   and  g u i d e   i s  

q u i t e   s m a l l   u s u a l l y   l e s s   t h a n   1 / 1 6   i n c h .   The  g u i d e   and  s t o p  

means   a re   a l i g n e d   so  as  to  i n s u r e   t h a t   the   l e n g t h   of  t h e  

k n i f e   c u t t i n g   edge  f a c e t   r e m a i n s   p a r a l l e l   to  t he   p l a n e   o f  

the   d i s k   f a c e   w h i l e   a l l o w i n g   e i t h e r   the   d i s k   or  the   g u i d e  

means   to  move  r e l a t i v e   to  t he   o t h e r   a g a i n s t   a  b i a s i n g   m e a n s .  

Such  b i a s i n g   means  is  d e f i n e d   h e r e   to  i n c l u d e   a  s p r i n g ,   a 

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



f o r c e   means   t h a t   w h i l e   u r g i n g   the   d i s k  a n d  g u i d e  t o   m o v e  

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

b i a s i n g   means   to  i n s u r e   t h a t   b i a s i n g   f o r c e   is  b e i n g   a p p l i e d  

d u r i n g   s h a r p e n i n g .   B i a s i n g   a c t i o n   of  t h i s   s o r t   p r o v i d e d   by  

a  s p r i n g   or  o t h e r   f o r c e   d e v i c e   in  c o n j u n c t i o n   w i t h   t h e  

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

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

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

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

a p p l i e d .   T h i s   u n i q u e   d i s k   s h a r p e n e r   g e n e r a t e s   r a p i d l y   a 

k n i f e   edge   on  t h e   o r d e r   of  1 / 1 0 0 0   i n c h   or  l e s s   in  t h i c k n e s s ,  

t h e   a c t u a l   t h i c k n e s s   d e p e n d i n g   s i g n i f i c a n t l y   on  t h e   k n i f e  

m a t e r i a l ,   a b r a s i v e   g r i t   s i z e   and  o t h e r   f a c t o r s .  

The  d i s k   in  one  c o n f i g u r a t i o n   is  e q u i p p e d   w i t h   a 

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

t he   d i s k   to  p r e v e n t   k n i v e s   f rom  b e i n g   s c o r e d   or  s c r a t c h e d   i f  

t h e y   a r e   i m p r o p e r l y   h a n d l e d   d u r i n g   use  of  t he   d i s k   s h a r p e n -  

e r .   In  a n o t h e r   c o n f i g u r a t i o n   an  e x t e n s i o n   of  t he   h o u s i n g  

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

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

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

s h a r p e n e r   i n c o r p o r a t i n g   an  a c c u r a t e   k n i f e   g u i d e   or  h o l d e r  

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

edge   on  the   o r d e r   of  1 / 1 0 , 0 0 0   i n c h   or  l e s s   in  t h i c k n e s s .  

The  u l t i m a t e   w i d t h   of  t h e   edge   is  e s t a b l i s h e d   p r i m a r i l y   by  

t h e   p r o p e r t i e s   and  q u a l i t y   of  s t e e l   or  o t h e r   m a t e r i a l   u s e d  

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

p o s i t i o n   the   k n i f e   in  t h i s   o r b i t a l   s h a r p e n i n g   s t e p   c o m m o n l y  

p o s i t i o n s   t he   f a c e   of  t h e   k n i f e   r e l a t i v e   to  t h e   p l a n e   of  t h e  

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



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

f i r s t   s h a r p e n i n g   a n g l e   b e t w e e n   t he   f a c e   of  t h e   k n i f e   and  t h e  

p l a n e   of  t he   a b r a s i v e   d i s k   u sed   in  t he   p r e c e d i n g   d i s k  

s h a r p e n i n g   s t e p ,   r e f e r r e d   to  h e r e i n   as  t h e   f i r s t   s h a r p e n i n g  

a n g l e .   T h i s   w i l l   c a u s e   t he   o r b i t i n g   a b r a s i v e   to  s h a r p e n   t h e  

k n i f e   c u t t i n g   edge   f a c e t s   a t   a  s l i g h t l y   g r e a t e r   t o t a l  

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

d i s k   s h a r p e n e r .  

The  c o m b i n a t i o n   of  d i s k   and  o r b i t a l   s h a r p e n i n g   i s  

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

edge  is  f o r m e d .   The  d i s k   s h a r p e n e r   d i s c l o s e d   h e r e   c a n  

q u i c k l y   p r e f o r m   t h e   k n i f e   edge   w h i c h   is  t h e n   p a s s e d   t h r o u g h  

the   o r b i t a l   s h a r p e n e r   to  d e v e l o p   r a p i d l y   a  r a z o r   l i k e   e d g e .  

The  i n v e n t i o n ,   w i l l   be  more  f u l l y   u n d e r s t o o d   f rom  t h e  

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

ing  d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is  a  top   p l a n   v iew  of  an  i m p r o v e d   d i s k   s t y l e  

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

F ig .   2  is  a  c r o s s   s e c t i o n a l   s i d e   e l e v a t i o n a l   v i ew   t a k e n  

a l o n g   l i n e   2-2  of  F i g .   1 .  

F i g .   3  is  a  c r o s s   s e c t i o n a l   v iew  in  e l e v a t i o n   t a k e n   a l o n g  

l i n e   3-3  of  F i g .   1 .  

F i g .   4  is  a  c r o s s   s e c t i o n a l   v iew  of  a  t y p i c a l   d o u b l e   b e v e l  

f a c e d   k n i f e .  

F ig .   5  is  a  c r o s s   s e c t i o n a l   v iew  of  an  a l t e r n a t e   d i s k   a n d  

k n i f e   g u i d e   c o n s t r u c t e d   a c c o r d i n g   to  t h i s   i n v e n -  

t i o n .  



F i g .   6  is  a  c r o s s   s e c t i o n a l   v iew  of  a  k n i f e   w i t h   a  4 5 °  

t o t a l   a n g l e   at   edge   i n d i c a t i n g   s h a r p e n i n g   to  b e  

made  a t   34°  by  the   d i s k   s h a r p e n e r .  

F i g .   7  is  a  c r o s s   s e c t i o n a l   v iew  of  r e s u l t a n t   k n i f e   w i t h   a 

34°  t o t a l   a n g l e   at   edge   f o r m e d   by  f i r s t   s t a g e   d i s k  

s h a r p e n e r   i n d i c a t i n g   s h a r p e n i n g   to  40°  in  t he   n e x t  

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

t i o n .  

F i g .   8  is  a  c r o s s   s e c t i o n a l   v iew  of  a  r e s u l t a n t   k n i f e  

s h o w i n g   t h e   34°  and  40°  a n g l e s   f o r m e d   a l o n g   c u t t i n g  

e d g e   f a c e t s   f o r m e d   r e s p e c t i v e l y   by  t h e   d i s k  

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

s t e p ,   a c c o r d i n g   to  t h i s   i n v e n t i o n .  

F i g .   9  is  a  c r o s s   s e c t i o n a l   v iew  of  t h e   k n i f e   c u t t i n g   e d g e  

f a c e t   ( h i g h   e n l a r g e m e n t )   s h o w i n g   t h e   r e s u l t i n g   3 4 °  

and  40°  a n g l e s   f o r m e d   a l o n g   t h e   c u t t i n g   edge   f a c e t s  

and  i n d i c a t i n g   a  45°  t o t a l   a n g l e   to  be  p l a c e d   on 

t he   c u t t i n g  e d g e   f a c e t s   by  s e c o n d   o r b i t i n g   s h a r p e n -  

ing  s t e p .  

F i g .   10.  is  a  c r o s s   s e c t i o n a l   v iew  of  f i n i s h e d   k n i f e   c u t t i n g  

edge   f a c e t s   w i t h   3 4 ° ,   40°  and  45°  a n g l e s   f o r m e d   on 

t he   f a c e t s   as  c r e a t e d   by  the   d i s k   s h a r p e n e r   f o l -  

l owed   by  two  o r b i t i n g   s h a r p e n i n g   s t e p s   a c c o r d i n g   t o  

t h i s   i n v e n t i o n .  

F i g .   11  is  a  p l a n   v iew  of  a  c o m b i n e d   d i s k   s h a r p e n e r   and  a 

two  s t a g e   o r b i t i n g   s h a r p e n e r   in  a  s i n g l e   a p p a r a t u s  

c o n s t r u c t e d   a c c o r d i n g   to  t h i s   i n v e n t i o n .  



F i g .   12  is  a  c r o s s   s e c t i o n a l   e l e v a t i o n   v i ew   t a k e n   a l o n g  

l i n e   1 2 - 1 2   of  F i g .   11  of  a  c o m b i n e d   d i s k   s h a r p e n e r  

and  a  two  s t a g e   o r b i t i n g   s h a r p e n e r   in  a  s i n g l e  

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

F i g .   13  is  an  e l e v a t i o n   of  a  k n i f e   g u i d e   w i t h   a  p r o t r u s i o n  

to  p r e v e n t   a c c i d e n t a l   a b r a s i o n   of  k n i f e   f a c e .  

F i g .   14  i s   an  e l e v a t i o n   v i e w   of   y e t   a  f u r t h e r   e m b o d i -  

m e n t   of   t h i s   i n v e n t i o n .  

F i g .   15  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   t h r o u g h   F i g u r e   14  

a l o n g   t h e   l i n e   1 5 - 1 5 .  

DETAILED  DESCRIPTION 

The  m e t h o d   and  a p p a r a t u s   of  t h i s   i n v e n t i o n   is  d e s c r i b e d  

f i r s t   in  t h e i r   b r o a d e s t   o v e r a l l   a s p e c t s   w i t h   a  more  d e t a i l e d  

d e s c r i p t i o n   to  f o l l o w .  

T h i s   i n v e n t i o n   is  b a s e d   on  a  d i s k   t y p e   s h a r p e n e r   u s e d  

so  t h a t   t he   k n i f e   edge   and  c u t t i n g   edge   f a c e t   is  h e l d  

p a r a l l e l   to  t h a t   f l a t   f a c e   of  an  a b r a s i v e   d i s k   p e r p e n d i c u l a r  

to  i t s   a x i s   of  r o t a t i o n .   T h a t   f a c e   w h i c h   is  p e r p e n d i c u l a r  

to  t he   a x i s   of  r o t a t i o n   of  t he   d i s k   and  c o n t a i n s   t he   p r e -  

d o m i n e n t   n u m b e r   of  s u r f a c e   a b r a s i v e   e l e m e n t s   w i l l   be  r e f e r -  

red   to  h e r e i n   as  t he   d i s k ' s   p r i n c i p a l   p l a n e .   A  d i s k   u sed   i n  

t h i s   m a n n e r   has  an  i n h e r e n t l y   f a v o r a b l e   c h a r a c t e r i s t i c  

c o m p a r e d   to  g r i n d i n g   w h e e l s ,   b e v e l - e d g e   d i s k   s h a r p e n e r s   a n d  

r e c t i l i n e a r   m o t i o n   s h a r p e n e r s   in  t h a t   t he   a b r a s i v e   d i s k   a s  

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

p o r t i o n s   of  t he   k n i f e   edge   in  a  v a r i e t y   of  d i r e c t i o n s   s u c h  

as  e s s e n t i a l l y   i n t o   t he   k n i f e   e d g e ,   away  f rom  the   e d g e ,   a n d  

in  one  d i r e c t i o n   p a r a l l e l   to  the   e d g e .   T h i s   c h a r a c t e r i s t i c  



has  t he   a d v a n t a g e   of  m i n i m i z i n g   b u r r   f o r m a t i o n   and  r e m o v i n g  

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

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

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

ing  a c t i o n   c h a r a c t e r i s t i c   of  t he   o r b i t a l   a c t i o n   u sed   in  t h e  

c o m b i n a t i o n   a p p a r a t u s   d e s c r i b e d   h e r e .   A  d i s k   so  u sed   w i t h   a 

k n i f e   p o s i t i o n i n g   s y s t e m   c o m p r i s e d   of  a  g u i d e   and  two  s t o p s  

f o r   t he   c u t t i n g   edge   f a c e t   of  t he   k n i f e   as  d e s c r i b e d   h e r e i n  

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

t he   d i s k   and  b e c a u s e   of  t he   s i z a b l e   s u r f a c e   a r e a   in  c o n t a c t  

w i t h   t h e   k n i f e   edge   t h e r e b y   m a x i m i z i n g   the   o p p o r t u n i t y   t o  

r e t a i n   a  s t r a i g h t   edge   on  t h e   k n i f e   and  m i n i m i z i n g   t h e  

c h a n c e s   of  " g r a b b i n g "   t he   k n i f e   c u t t i n g   edge   f a c e t   a n d  

g o u g i n g   or  s c a l l o p i n g   the   e d g e .  

The  d i s k   s h a r p e n e r   c l a i m e d   in  t h i s   p r e s e n t   i n v e n t i o n  

o v e r c o m e s ,   t h r o u g h   u n i q u e   d e s i g n ,   t he   d i s a d v a n t a g e s   of  p r i o r  

a r t   a b r a s i v e   d i s k   s h a r p e n e r s .   S h a r p e n i n g   is  c a r r i e d   ou t   on  

t he   d i s k ' s   f a c e   p e r p e n d i c u l a r   to  i t s   a x i s   of  r o t a t i o n   w i t h  

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

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

c o m p a r e d   to  s h a r p e n i n g   on  t h e   b e v e l   edge   of  t h e   d i s k .   T h i s  

is  a c c o m p l i s h e d   f i r s t   by  e m p l o y i n g   w i t h   t he   a b r a s i v e   d i s k   a 

c o n t i g u o u s   p r e c i s i o n   k n i f e   g u i d e   bu t   in  t he   a b s e n c e   of  t h e  

k n i f e   t h e r e   is  a  s m a l l   gap  u s u a l l y   l e s s   t h a n   1 / 1 6   i n c h  

b e t w e e n   the   g u i d e   and  d i s k .   The  g u i d e   s u i t a b l y   d e s i g n e d   c a n  

c o n t r o l   r e l i a b l y   t he   k n i f e   at   a  p r e d e t e r m i n e d   p o s i t i o n   a n d  

f i x e d   a n g l e   r e l a t i v e   to  t he   p r i n c i p a l   p l a n e   of  t he   d i s k  

i r r e s p e c t i v e   of  t h e   k n i f e   t h i c k n e s s   or  s h a p e   and  c o n t o u r   o f  



t h e   f a c e   of  t he   k n i f e .   B e c a u s e   the   g u i d e   is  c o n t i g u o u s   t o  

t he   d i s k   and  b e c a u s e   i t s   g u i d e   f a c e   e x t e n d s   a l o n g   and  a c r o s s  

t he   e n t i r e   d i s k   s u r f a c e   n e a r   the   s h a r p e n i n g   l i n e ,   i t   g i v e s  

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

s h a r p e n i n g   of  v i r t u a l l y   t he   e n t i r e   k n i f e   edge   even   w i t h  

s h o r t   k n i v e s .   The  k n i f e   mus t   be  h e l d   f i r m l y   e n o u g h   by  t h e  

g u i d e   and  in  a  m a n n e r   t h a t   m a i n t a i n s   i n v a r i e n t l y   t he   r e l a -  

t i v e   k n i f e / d i s k   s h a r p e n i n g   a n g l e   a l o n g   the   e n t i r e   l e n g t h   o f  

t he   edge   f a c e t   b e i n g   s h a r p e n e d .   P r e f e r a b l y   t h i s   g u i d e   is  o f  

the   m a g n e t i c   t y p e   d i s c l o s e d   in  t he   c o p e n d i n g   a p p l i c a t i o n  

c i t e d   a b o v e   but   o t h e r   h o l d e r s   can  be  u s e d .   T h i s   g u i d e  

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

e l i m i n a t i n g   t he   t e n d e n c y   of  p r i o r   a r t   d i s k s   to  g r a b   a n d  

o f t e n   f o r c e a b l y   c a u s e   t he   u s e r   to  l o s e   p h y s i c a l   c o n t r o l   o f  

the   k n i f e   when  p o s i t i o n e d   p a r a l l e l   to  t he   d i s k   f a c e ,   to  l o s e  

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

or  pu t   u n d e s i r a b l e   g r o o v e s   in  t h e   k n i f e   b l a d e .  

G o u g i n g   and  s c a l l o p i n g   w i t h   d i s k   s h a r p e n e r s   can  o c c u r  

due  to  l a c k   of  c o n t r o l   of  t he   a m p l i t u d e   of  a p p l i e d   f o r c e  

b e t w e e n   t he   k n i f e   and  t he   r o t a t i n g   d i s k .   The  a p p l i e d   f o r c e  

in  p r i o r   a r t   d i s k   s h a r p e n e r s   is  a  s t r o n g   f u n c t i o n   of  t h e  

o p e r a t o r ' s  t e c h n i q u e s   and  s k i l l ,   t he   k n i f e   t h i c k n e s s   a n d  

g e o m e t r y ,   and  o t h e r   d e s i g n   f a c t o r s .   To  e l i m i n a t e   t h i s   i n  

the   p r e s e n t   i n v e n t i o n ,   t he   h a n d l e   of  t he   k n i f e   is  p o s i t i o n e d  

by  t he   o p e r a t o r   so  t h a t   t he   f a c e   of  t he   k n i f e   r e s t s   on  t h e  

c o n t i g u o u s   g u i d e   p l a n e   e s t a b l i s h e d   by  the   f a c e   of  t he   g u i d e ,  

w h i c h   in  a  p r e f e r r e d   c a s e   is  m a g n e t i c ,   and  t he   k n i f e   f a c e   i s  



moved  d o w n w a r d   and  t o w a r d   t he   d i s k   u n t i l   t he   f i r s t   c u t t i n g  

edge   f a c e t   c o n t a c t s   the   r o t a t i n g   d i s k ,   moves  t he   d i s k   s o m e  

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

and  t h e n   comes  to  r e s t   f i r m l y   a g a i n s t   two  p r e c i s e l y   l o c a t e d  

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

i m m e d i a t e l y   a d j a c e n t   to  bu t   no t   t o u c h i n g ,   t he   c i r c u m f e r e n c e  

of  t he   d i s k   t h a t   l i m i t   f u r t h e r   m o v e m e n t   of  t he   k n i f e   t o w a r d  

the   d i s k   and  f o r c e a b l y   a l i g n   t h a t   c u t t i n g   edge   f a c e t  

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

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

p a r a l l e l   to  i t s   p l a n e   in  t he   r e s t   p o s i t i o n .   The  e x t e n t   o f  

d i s p l a c e m e n t   of  the   d i s k   is  d e t e r m i n e d   by  the   p o s i t i o n   o f  

the   d i s k   f a c e   in  i t s   r e s t   p o s i t i o n   and  by  the   l o c a t i o n   o f  

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

f a c e t ,   t h a t   f a c e t   w h i c h   is  a l s o   i n  c o n t a c t   w i t h   t he   f a c e   o f  

the   d i s k .   The  use  of  such   s t o p s   a c r o s s   w h i c h   t h e   c u t t i n g  

edge  f a c e   of  t he   k n i f e   is  moved  p r e c i s e l y   l o c a t e s   t h a t   f a c e t  

d u r i n g   s h a r p e n i n g   and  in  no  way  d a m a g e s   t h e   c u t t i n g   e d g e  

i t s e l f .   With   t he   g u i d e   c o n t i g u o u s   to  t h e   d i s k   s u r f a c e   a n d  

w i t h   s t o p s   t h a t   a c t   o n l y   on  t he   one  c u t t i n g   edge   f a c e t ,   t h e  

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

i n t r o d u c e d   by  k n i f e   t h i c k n e s s  o r   c u r v a t u r e  o f  t h e   b e v e l   f a c e  

of  t h e   k n i f e .   -  

The  r o t a t i n g   d i s k   m o u n t e d   on  t h e   a r m a t u r e   s h a f t   of  a 

s u i t a b l e   m o t o r   is  b i a s e d   to  u r g e   i t   t o w a r d   t he   g u i d e   by  a 

means   s u c h   as  a  s p r i n g ,   or  t h e   f o r c e   of  m o t o r   m a g n e t i c  

e f f e c t s   a c t i n g   on  the   a r m a t u r e ,   bu t   means   a r e   p r o v i d e d   t o  



l i m i t   t he   d i s k   m o t i o n   so  t h a t   in  r e s t   p o s i t i o n   w i t h   t h e  

k n i f e   r e m o v e d   t he   d i s k   f a c e   is  i m m e d i a t e l y   a d j a c e n t   to  b u t  

no t   t o u c h i n g   t he   k n i f e   g u i d e .   The  f o r c e   c o n s t a n t   of  t h e  

s p r i n g   or  o t h e r   b i a s i n g   means   a c t i n g   on  t h e   d i s k   d i r e c t l y   o r  

i n d i r e c t l y   u n i q u e l y   d e t e r m i n e s   t he   f o r c e   a p p l i e d   by  the   d i s k  

f a c e   on  t he   k n i f e   c u t t i n g   edge   f a c e t   as  t he   k n i f e   moves  t h e  

d i s k   l a t e r a l l y   and  the   c u t t i n g   edge   f a c e t   comes  to  r e s t   on 

the   p r o v i d e d   s t o p s .   In  t h i s   m a n n e r   t he   d i s k   r e m a i n s   at   a l l  

t i m e s   " s p r i n g   l o a d e d "   a g a i n s t   t he   c u t t i n g   edge   f a c e t   d u r i n g  

s h a r p e n i n g .   When  the   d i s k   is  a t t a c h e d   r i g i d l y   to  t he   m o t o r  

a r m a t u r e   s h a f t ,   t he   m o t o r   can  be  d e s i g n e d   to  p e r m i t   e n o u g h  

u n i n t e r r u p t e d   l a t e r a l   m o t i o n   (end   p l a y )   of  t h e   a r m a t u r e   a n d  

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

d i s k   b e t w e e n   i t s   r e s t   p o s i t i o n   and  i t s   d i s p l a c e d   p o s i t i o n   a s  

e s t a b l i s h e d   by  the   p o s i t i o n   of  the   c u t t i n g   edge   f a c e t   w h e n  

a g a i n s t   t he   s t o p s .   I t   is  c o n v e n i e n t   to  use  a  l e a f   s p r i n g  

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

a p p l y   t he   d e s i r e d   b i a s i n g   f o r c e   to  t he   d i s k .   The  s p r i n g  

c a n ,   of  c o u r s e ,   be  l o c a t e d   a l t e r n a t i v e l y   so  as  to  p r e s s  

d i r e c t l y   on  the   back   f a c e   of  t he   d i s k   or  on  some  o t h e r   p o i n t  

a l o n g   the   s h a f t   t h a t   s u p p o r t s   t he   d i s k .   The  s p r i n g   f o r c e  

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

c o u l d  b e   c o n s t r u c t e d   to  be  n o n - u n i f o r m .  

T h e r e   a r e   many  p h y s i c a l   c o n f i g u r a t i o n s   t h a t   w i l l  

p r o v i d e   the   same  b i a s i n g   a c t i o n .   For  e x a m p l e ,   t he   m o t o r   c a n  

be  s u p p o r t e d   so  i t   can  be  moved  by  s p r i n g s   b i a s e d   in  d i r e c -  

t i o n   of  t he   d i s k .   S i m i l a r l y   t he   d i s k   can  be  m o u n t e d   on  a 



s e p a r a t e   s h a f t   and  d r i v e n   by  means   of  g e a r s   or  b e l t s ,   e t c . ,  

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

d i r e c t l y   on  the   r e a r   of  t h e   d i s k   or  on  i t s   s e p a r a t e   s h a f t .  

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

c u t t i n g   edge   f a c e t   m i n i m i z e s   t h e   e x t e n t   of  f r e e   t r a v e l   o f  

t he   d i s k   n e e d e d   to  a c c o m m o d a t e   t h e   w ide   v a r i e t y   in  s i z e   a n d  

s t y l e s   of  h o u s e h o l d   k n i v e s .  

E q u i v a l e n t   a b i l i t y   to  c o n t r o l   t he   f o r c e   of  t he   k n i f e ' s  

c u t t i n g   edge   f a c e t   d u r i n g   s h a r p e n i n g   can  be  r e a l i z e d   b y  

a l l o w i n g   the   k n i f e   h o l d e r   to  move  away  p r e c i s e l y   f rom  a 

s t a t i o n a r y   d i s k   to  a c c o m m o d a t e   k n i v e s   of  d i f f e r e n t   t h i c k -  

n e s s e s .   The  d i s k   is  s t a t i o n a r y   in  t h i s   l a t t e r   e x a m p l e   i n  

t h a t   i t   is  no t   f r e e   to  move  l a t e r a l l y   in  a  d i r e c t i o n   a l o n g  

i t s   a x i s   of  r o t a t i o n .   In  t h a t   c a s e   a  s p r i n g   or  o t h e r  

b i a s i n g   means   wou ld   a c t   on  t he   h o l d e r   in  a  m a n n e r   to  p r e s s  

i t   in  t h e   d i r e c t i o n   t o w a r d   t he   s t a t i o n a r y   d i s k .   H o w e v e r   i n  

r e s t   p o s i t i o n   w i t h   k n i f e   r e m o v e d   t he   h o l d e r   w o u l d   be  c o n t i g -  

uous  to  bu t   not   a l l o w e d   to  t o u c h   t he   d i s k .  

R e g a r d l e s s   of  t h e   means   u s e d   to  c o n t r o l   t he   a b r a d i n g  

f o r c e   d u r i n g   s h a r p e n i n g   i t   is  i m p o r t a n t   t h a t   t he   d e s i g n   be  

such   t h a t   t he   r e q u i r e d   m o v e m e n t   of  t he   d i s k   or  h o l d e r   can  b e  

r e a l i z e d   w i t h o u t   any  c h a n g e   to  t he   s h a r p e n i n g   a n g l e ,   d e f i n e d  

h e r e   as  t h a t   a n g l e   f o r m e d   by  t he   p l a n e   of  t he   g u i d e   on  w h i c h  

the   f a c e   of  t h e   k n i f e   r e s t s   r e l a t i v e   to  t he   p r i n c i p a l   p l a n e  

of  t h e   a b r a s i v e   d i s k ,   i r r e s p e c t i v e   of  b l a d e   t h i c k n e s s ,  

w i d t h ,   or  l e n g t h .   N e i t h e r   t h e   d i s k   f a c e   or  t h e   h o l d e r  

s h o u l d   be  a l l o w e d   to  t i l t   as  t h e i r   r e l a t i v e   s e p a r a t i o n  



d i s t a n c e   c h a n g e s .   For  e x a m p l e ,   w h e r e   t he   d i s k   is  t he   m o v i n g  

e l e m e n t ,   t he   p r i n c i p a l   p l a n e   of  t he   a b r a s i v e   d i s k   s h o u l d ,  

d u r i n g   l a t e r a l   m o t i o n   of  t he   d i s k ,   r e m a i n   p a r a l l e l   to  t h e  

p r i n c i p a l   p l a n e   of  t he   d i s k   in  i t s   r e s t   p o s i t i o n .  

In  o r d e r   to  a v o i d   a c c i d e n t a l   damage   to  t he   s i d e s   of  t h e  

k n i f e   in  c e r t a i n   d i s k   t y p e   s h a r p e n e r s ,   in  t he   e v e n t   t h e  

s h a r p e n e r   is  u s e d   c a r e l e s s l y ,   a  p a r t   of  t h i s   i n v e n t i o n   is  a 

c e n t r a l   h u b ,   u s u a l l y   of  p l a s t i c ,   on  t he   d i s k   t h a t   p r o t r u d e s  

j u s t   s u f f i c i e n t l y   f rom  t he   p r i n c i p a l   p l a n e   of  t he   d i s k   t o  

s t o p   t he   f a c e   of  the   k n i f e   a t   some  p o i n t   a b o v e   t he   c u t t i n g  

edge   f a c e t   of  t he   k n i f e   b e f o r e   i t   can  a c c i d e n t a l l y   c o n t a c t  

t he   a b r a s i v e   on  the   d i s k .   The  hub  mus t   be  d e s i g n e d   so  t h a t  

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

w i t h   a b i l i t y   to  p l a c e   and  h o l d   t h e   b l a d e   edge   a g a i n s t   t h e  

a n n u l a r   p o r t i o n   of  t he   d i s k .   The  hub  is  a p p l i c a b l e   in  d i s k  

s h a r p e n e r s   w h e r e   the   edge   of  t he   k n i f e   c o n t a c t s   t he   d i s k  

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

f a c e   of  t he   k n i f e   p a s s e s   d u r i n g   s h a r p e n i n g   in  f r o n t   of  t h e  

a x i s   of  r o t a t i o n   of  t h e   d i s k .   O t h e r   p r o t e c t i v e   means   a r e  

d e s c r i b e d   t h a t   a re   u s e f u l   i r r e s p e c t i v e   of  k n i f e   l o c a t i o n   on  

t he   d i s k .  

As  f u r t h e r   p r o t e c t i o n   a g a i n s t   damage   to  t he   k n i f e   e d g e  

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

m o t o r   w i t h   a d e q u a t e   p o w e r   f o r   s h a r p e n i n g   bu t   no t   of  s u c h  

h i g h e r   power   as  to  c a u s e   s e r i o u s   damage  to  t he   edge   i f   t h e  

k n i f e   a c c i d e n t a l l y   j ams   and  s t a l l s   t he   d i s k .   The  d i s k  

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



k n i f e ,   and  the   v e l o c i t y   and  mass  of  t he   r o t a t i n g   s y s t e m   a l s o  

i n f l u e n c e s   t he   f o r c e   and  k i n e t i c   e n e r g i e s   i n v o l v e d   a t   k n i f e  

edge   i f   t he   d i s k   s t a l l s .   A  d i s k   d i a m e t e r   of  1  to  3  i n c h e s  

and  a  m o t o r   w i t h   r u n n i n g   t o r q u e   on  t h e   o r d e r   of  9 

i n c h - o u n c e s   w o r k s   w e l l   and  m i n i m i z e s   t he   d a n g e r   of  d a m a g i n g  

t he   k n i f e .   A  d i s k   d i a m e t e r   of  t h i s   o r d e r   p r o v i d e s   a d e q u a t e  

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

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

c u t t i n g   edge   f a c e t .   D i s k s   of  o t h e r   d i a m e t e r s   can  be  u s e d  

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

be  u s e d   as  a n o t h e r   means   to  c o n t r o l   t he   f o r c e s ,   t o r q u e s ,   a n d  

e n e r g y   d e l i v e r a b l e   to  t he   d i s k .  

F i g u r e s   1  t h r o u g h   3  i l l u s t r a t e ,   by  way  of  e x a m p l e ,   a 

p r e f e r r e d   c o n f i g u r a t i o n   of  an  a b r a s i v e   d i s k   s h a r p e n e r   2 0  

i n c o r p o r a t i n g   t he   i m p r o v e m e n t s   d i s c u s s e d   h e r e .   On  a  b a s e  

p l a t e   22  is  m o u n t e d   a  m o t o r   24  whose   l e f t   s h a f t   26  d r i v e s  

d i s k   h o l d e r   28  on  whose   f a c e   is  m o u n t e d   an  a b r a s i v e   s u r f a c e d  

d i s k   30.   The  d i s k   h o l d e r   28  and  the   a b r a s i v e   d i s k   a r e  

s u r r o u n d e d   by  p l a s t i c   e n c l o s u r e   60  open  to  e x p o s e   t h e  

a b r a s i v e   d i s k   to  t he   k n i f e   and  f a s t e n e d   by  s c r e w s ,   n o t  

s h o w n ,   to  b a s e   p l a t e   22.   The  b a s e   p l a t e   22  is  s u p p o r t e d   on  

r u b b e r   f e e t   32.  The  m o t o r   s h a f t   26  and  the   r i g h t   a r m a t u r e  

s h a f t   e x t e n s i o n   44  p a s s   t h r o u g h   v e r t i c a l   s t r u c t u r a l   s u p p o r t  

m e m b e r s   34  and  36  a t t a c h e d   by  s c r e w s   ( n o t   shown)   or  o t h e r  

means   to  b a s e   22  and  r i d e   in  s l e e v e   b e a r i n g s   38  and  40.   A 

b i a s i n g   means   in  t he   fo rm  of  a  l e a f   s p r i n g   42  s u p p o r t e d   on  



the   b a s e   p l a t e   22  a c t s   a g a i n s t   r e a r   a r m a t u r e   s h a f t   e x t e n s i o n  

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

e x t e n s i o n   44 ,   f r e e   to  move  some  d i s t a n c e   l a t e r a l l y ,   t h r o u g h  

t h r u s t   b e a r i n g   46  or  o t h e r   m e a n s .   The  k n i f e   48  in  F i g u r e s   2 

and  3  r e s t s   a g a i n s t   t he   k n i f e   g u i d e   50  w i t h   i t s   c u t t i n g   e d g e  

f a c e t   p a r a l l e l   to  and  a g a i n s t   t he   f a c e   of  d i s k   30  r o t a t i n g  

in  a  p l a n e   p e r p e n d i c u l a r   to  i t s   a x i s   of  r o t a t i o n .   Hub  52  on  

t he   d i s k   p r o t r u d e s   s l i g h t l y   f rom  t he   f a c e   of  d i s k   30  a n d  

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

the   b l a d e   and  t he   a b r a s i v e   s u r f a c e   of  t he   d i s k .  

S t o p s   54 ,   i n t e g r a l l y   p a r t   of  t he   v e r t i c a l   f a c e s   o f  

p l a s t i c   e n c l o s u r e   60  o p p o s i t e   t he   k n i f e   g u i d e   50,   as  s h o w n  

in  F i g u r e s   1  t h r o u g h   3,  e s t a b l i s h   in  a  p o s i t i v e   m a n n e r   t h e  

l i m i t   of  m o t i o n   of  v e r t i c a l   c u t t i n g   edge   f a c e t   of  t he   k n i f e  

in  the   d i r e c t i o n   of  t he   a b r a s i v e   d i s k   30  and  e s t a b l i s h  

p o s i t i v e l y   t h e   p o s i t i o n   of  t he   c u t t i n g   edge   f a c e t   on  t h e  

d i s k   30  d u r i n g   s h a r p e n i n g .   The  s t o p s   54  a c t   o n l y   on  t h e  

v e r t i c a l   c u t t i n g   edge   f a c e t .   T h o s e   p o r t i o n s   of  t he   v e r t i c a l  

f a c e s   of  e n c l o s u r e   60  t h a t   a c t   as  t he   s t o p s   54,   a re   p o s i -  

t i o n e d   so  t h a t   when  the   v e r t i c a l   c u t t i n g   edge   f a c e t   i s  

a g a i n s t   t he   e n c l o s u r e   60  at  t h o s e   p o i n t s   d e s i g n a t e d   as  s t o p s  

54,   t h e   l i n e   of  t h a t   f a c e t   is  p a r a l l e l   to  the   p r i n c i p a l  

p l a n e   of  t he   a b r a s i v e   d i s k .   The  s t o p p i n g   a c t i o n   can  b e  

o b t a i n e d   by  d e s i g n i n g   and  l o c a t i n g   s t o p s   54  i n d e p e n d e n t   o f  

the   e n c l o s u r e   60  bu t   in  any  e v e n t ,   t he   s t o p s   54  s h o u l d   b e  

c o n t i g u o u s   to  bu t   no t   t o u c h i n g   t he   c i r c u m f e r e n c e   of  t he   d i s k  

h o l d e r   28.  The  s t o p s   54  i f   made  of  m a t e r i a l   i n d e p e n d e n t   o f  

e n c l o s u r e   60  can  be  made  of  any  of  a  wide   v a r i e t y   of  m a t e -  

r i a l s   such   as  a  h i g h   l u b r i c i t y   p l a s t i c ,   a  m e t a l   such  a s  

m a r t e n s i t i c   s t e e l ,   a  m e t a l   r o l l e r ,   or  even   of  a  m i l d  



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

or  m i l d l y   a b r a d e   t he   f a c e t   s u r f a c e   as  i t   is  moved  o v e r   t h e  

s u r f a c e   of  t he   s t o p .  

A  p l a s t i c   h o u s i n g   58  e n c l o s e s   t he   m o t o r   24  and  t h e  

s u p p o r t i n g   members   34 ,   36 ,   e t c .   The  p l a s t i c   e n c l o s u r e   6 0  

u s e d   to  e n c l o s e   mos t   of  t he   r o t a t i n g   d i s k   h o l d e r   28  s e r v e s  

a l s o   to  m i n i m i z e   any  s a f e t y   h a z a r d   f rom  t he   r o t a t i n g   d i s k  

3 0 .  

F i g u r e   2  i n c l u d e s   in  c r o s s   s e c t i o n   the   i l l u s t r a t i v e  

k n i f e   g u i d e   50  t h a t   c o n t a i n s   in  p l a s t i c   s t r u c t u r e   51  a  r i g i d  

m a g n e t i c   e l e m e n t   62  t h a t   a t t r a c t s   t he   k n i f e   and  e s t a b l i s h e s  

a  g u i d e   p l a n e   f o r   t he   f a c e   of  t he   k n i f e .   The  a n g l e   of  t h e  

f a c e   of  t he   k n i f e   48  r e s t i n g   on  t he   g u i d e   p l a n e   i s  

e s t a b l i s h e d   r e l a t i v e   to  t he   p l a n e   of  t he   d i s k   by  t he   r i g i d  

m a g n e t i c   e l e m e n t   62  l o c a t e d   a t   a  p o s i t i o n   p r i m a r i l y   a d j a c e n t  

to  t he   k n i f e ' s   l o w e r   b e v e l   f a c e   68  as  d e f i n e d   g r a p h i c a l l y   i n  

F i g u r e   4.  The  g u i d e   o p p o s i t e   d i s k   30  is  c o n t i g u o u s   to  b u t  

no t   in  a c t u a l   c o n t a c t   w i t h   t he   f a c e   of  t he   a b r a s i v e   d i s k   3 0 ,  

s e p a r a t e d   t h e r e f r o m   by  a  s m a l l   gap  56.  As  p a r t   of  g u i d e   5 0 ,  

t he   l o w e r   g u i d e   e x t e n s i o n s   49  whose   u p p e r   f a c e s   a r e   s e t   a s  

e x t e n s i o n s   of  t he   g u i d e   p l a n e   e s t a b l i s h e d   by  the   m a g n e t i c  

e l e m e n t   62  to  g u i d e   t he   k n i f e   f a c e ,   a r e   in  i n t i m a t e   c o n t a c t  

w i t h   t h e   f a c e   of  e n c l o s u r e   60  on  e a c h   s i d e   of  d i s k   h o l d e r  

28.  The  i l l u s t r a t i v e   k n i f e   48  in  F i g u r e   4,  has  an  u p p e r  

b e v e l   f a c e   66  and  a  l o w e r   b e v e l   f a c e   68.  The  c u t t i n g   e d g e  

f a c e t s   70  of  t h e   i l l u s t r a t i v e   k n i f e ,   F i g u r e   4,  c o n v e r g e   t o  

fo rm  t he   c u t t i n g   e d g e .   M o v e m e n t   of  t he   a b r a s i v e   on  the   f a c e  

of  r o t a t i n g   d i s k   30  c r e a t e s   f o r c e s   on  the   k n i f e   48  i n  

c o n t a c t   w i t h   d i s k   30  t h a t   t e n d   to  c a u s e   the   l o w e r   k n i f e  

b e v e l   f a c e   68  to  r e s t   n a t u r a l l y   on  the   r i g i d   m a g n e t i c  



e l e m e n t   62.  I t   has  been   shown  to  be  more  d i f f i c u l t ,   l e s s  

s t a b l e ,   and  l e s s   p r e c i s e   to  c o n t r o l   t h e   s h a r p e n i n g   a n g l e   b y  

r e s t i n g   t h e   k n i f e ' s   u p p e r   b e v e l   f a c e   66  a g a i n s t   t h e   h o l d e r  

f a c e .   Wi th   k n i v e s   t h a t   m i g h t   have   o n l y   a  s i n g l e   b e v e l   f a c e  

such   as  66  of  F i g u r e   4  f o r   e x a m p l e   and  no  l o w e r   b e v e l   f a c e  

68,   t h e   s i n g l e   f a c e   w o u l d   e x t e n d   to  t h e   edge   f a c e t s   70  a n d  

such   k n i v e s   a r e   of  c o u r s e   v e r y   s t a b l e   in  t h e   g u i d e .  

The  d i s k   30 ,   F i g u r e s   1  t h r o u g h   3,  r o t a t e s   p r e f e r a b l y   a t  

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

a b r a s i v e   p a r t i c l e s   no t   g r e a t e r   t h a n   800  f e e t   pe r   m i n u t e ,   t h e  

s p e e d   a b o v e   w h i c h   b u r n i n g   of  t he   k n i f e   edge   can  o c c u r  

r e a d i l y .   The  d i s k   t y p e   s h a r p e n e r   can  be  u s e d   w i t h   any  of  a 

v a r i e t y   of  r i g i d   k n i f e   g u i d e s ;   h o w e v e r ,   in  o r d e r   to  o b t a i n  

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

a n g l e   an  i m p r o v e d   g u i d e   such   as  shown  is   p r e f e r r e d .  

The  hub  52  F i g u r e s   1  t h r o u g h   3  t h a t   e x t e n d s   f rom  t h e  

a b r a s i v e   s u r f a c e   by  a  c a r e f u l l y   c h o s e n   d i s t a n c e ,   t ,   ( a s  

d e f i n e d   in  F i g u r e   5)  can  be  a t t a c h e d   to  t he   d i s k   s u r f a c e   a s  

shown  or  p r e s s   f i t t e d   as  a  s h o r t   rod  i n t o   a  c e n t e r   h o l e   i n  

the   d i s k   30  and  d i s k   h o l d e r   28  of  F i g u r e s   1  t h r o u g h   3.  T h i s  

hub  52  mus t   no t   be  so  t h i c k   t h a t   i t   c a u s e s   t he   k n i f e   4 8 ,  

F i g u r e   2,  to  jam  b e t w e e n   t he   hub  52  and  t he   f a c e   of  g u i d e   50  

or  p r e v e n t s   t h e   c u t t i n g   edge   f a c e t   70  of  k n i f e   48  f r o m  

e x t e n d i n g   s u f f i c i e n t l y   t o w a r d   t h e   gap  56  and  a g a i n s t   t h e  

s u r f a c e   of  t h e   a b r a s i v e   d i s k   30.  H o w e v e r ,   t he   t h i c k n e s s ,   t ,  

of  hub  52,   F i g u r e   1,  mus t   be  a t   l e a s t   a  few  t h o u s a n d t h s   o f  

an  i n c h   or  commonly   a b o u t   10  to  20  t h o u s a n d t h s   of  an  i n c h  

t h i c k   w i t h   a  1-2  i n c h   d i a m e t e r   d i s k - - e n o u g h   t h i c k n e s s   t o  

p r e v e n t   t he   l o w e r   k n i f e   b e v e l   68  f rom  a c c i d e n t a l l y   b e i n g  

jammed  a g a i n s t   t he   f a c e   of  r o t a t i n g   d i s k   30.  Commonly  t h e  



hub  t h i c k n e s s   w i l l   be  l e s s   t h a n   a  few  p e r c e n t   of  t he   d i s k  

d i a m e t e r .  

The  hub  52  of  F i g u r e s   1  t h r o u g h   3  by  v i r t u e   of  i t s  

t h i c k n e s s   of  10  to  20  t h o u s a n d s   of  an  i n c h   r e s t r i c t s   i n -  

s e r t i o n   of  k n i f e   48  to  t h a t   s p a c e   w i t h i n   t h e   c l e a r a n c e   a n g l e  

F i g u r e   2  w h i c h   by  t h i s   e x a m p l e   w o u l d   be  on  t he   o r d e r   of  3 °  

l e s s   t h a n   t h e   s h a r p e n i n g   a n g l e   0,  c o m m o n l y   a b o u t   2 0 ° ,   F i g u r e  

2.  S h a r p e n i n g   a n g l e   0  is  t h a t   a n g l e   d e f i n e d   by  t h e  

k n i f e - g u i d i n g   f a c e   of  k n i f e   g u i d e   50  in  F i g u r e   2  and  t h e  

f a c e   of  a b r a s i v e   d i s k   30.  C l e a r a n c e   a n g l e   γ  i s   d e f i n e d   b y  

the   k n i f e   g u i d i n g   f a c e   of  k n i f e   g u i d e   50  and  a  l i n e   f rom  t h e  

c u t t i n g   e d g e   f a c e t   to  t he   l e f t   mos t   edge   of  hub  52.  T h e  

d i s k   30  can  be  of  any  d i a m e t e r   and  r o t a t e d   a t   any  RPM 

p r e f e r a b l y   c h o s e n   in  c o m b i n a t i o n   so  t h a t   t h e   maximum  l i n e a r  

s p e e d   of  a b r a s i v e   p a r t i c l e s   on  t h e   d i s k   30  is  l e s s   t h a n  8 0 0  

f e e t   p e r   m i n u t e .   I t   is  n e c e s s a r y   t h a t   t he   k n i f e   c u t t i n g  

edge   f a c e t   70  of  F i g u r e   4  be  in  c o n t a c t   w i t h   t he   d i s k  

s u f f i c i e n t l y   f a r   f rom  the   d i s k   c e n t e r   t h a t   i t   does   n o t  

e n c o u n t e r   t h e   hub .   T y p i c a l l y   t h e   d i s k   m i g h t   have   a  d i a m e t e r  

b e t w e e n   1 /2   to  3  i n c h e s   and  the   hub  a  d i a m e t e r   of  1 / 1 6   t o  

1 /4   i n c h ,   a  d i a m e t e r   of  a r o u n d   10  p e r c e n t   of  t he   d i a m e t e r   o f  

the   a b r a s i v e   d i s k   i t s e l f .   W h i l e   t h e   hub  can  be  made  of  a n y  

m a t e r i a l ,   i d e a l l y   i t   is  of  a  p l a s t i c   or  s i m i l a r   c o m p o s i t i o n  

t h a t   w i l l   no t   s c r a t c h   or  mar  t he   s u r f a c e   of  t h e   k n i f e   d u r i n g  

s h a r p e n i n g   i f   t he   k n i f e   b l a d e   s h o u l d   come  in  c o n t a c t   w i t h   i t .  

The  p o s i t i o n   of  the   c u t t i n g   edge   of  k n i f e   48  r e l a t i v e  

to  w h e r e   i t   c r o s s e s   t he   f a c e   of  a b r a s i v e   d i s k   30,   as  s h o w n  

in  F i g u r e   3,  is  c o n t r o l l e d   by  t he   h e i g h t   of  t h a t   p o i n t   w h e r e  

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



p l a n e   of  t he   s t o p s   f o r   t he   v e r t i c a l   c u t t i n g   e d g e   f a c e t .   T h e  

c u t t i n g   edge   w i l l   n o r m a l l y   be  s l i g h t l y   a b o v e   t h a t   p o i n t .  

The  a b r a s i v e   p a r t i c l e s   of  d i s k   30  move  m u l t i d i r e c t i o n a l l y  

a c r o s s   t he   c u t t i n g   edge   f a c e t   of  t he   k n i f e .   T h a t   i s ,   t h e y  

move  a c r o s s   some  p o r t i o n   of  t he   k n i f e   edge   f a c e t   in  a 

d i r e c t i o n   more  or  l e s s   i n t o   t he   edge   ( u p w a r d   in  F i g u r e   3 ) ,  

w h i l e   o t h e r   p o r t i o n s   of  t h e   k n i f e   e x p e r i e n c e   a b r a s i v e  

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

( d o w n w a r d   in  F i g u r e   3 ) ,   and  in  t he   c e n t r a l   a r e a   of  c o n t a c t  

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

e s s e n t i a l l y   p a r a l l e l   to  t h e   k n i f e   e d g e .  

B e c a u s e   t he   v a r i o u s   means   d e s c r i b e d   in  t h i s   i n v e n t i o n  

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

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

p e r p e n d i c u l a r   to  i t s   a x i s   of  r o t a t i o n   i t   is  p o s s i b l e   t o  

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

a c t i o n   j u s t   d e s c r i b e d   t h a t   r e s u l t s   in  minimum  b u r r   f o r m a t i o n  

on  the   k n i f e   e d g e .   For  t h i s   r e a s o n ,   t h i s   d i s k   s h a r p e n e r   i s  

u n i q u e l y   s u i t e d   to  p r e s h a r p e n   t he   k n i f e   b e f o r e   s u b s e q u e n t  

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

a b r a s i v e   a c t i o n   p l a c e s   a  f i n e r   edge   on  the   k n i f e   on  t h e  

o r d e r   of  1 / 1 0 , 0 0 0   i n c h   edge   w i d t h .  

R e f e r r i n g   to  F i g u r e s   1  and  2  and  r e c a l l i n g   t h a t   t h e  

d i s k   30  is  b i a s e d   by  a  r e s t r a i n i n g  f o r c e   such   as  a  l e a f  

s p r i n g   42  p r e s s i n g   in  t h e   d i r e c t i o n   of  t he   h o l d e r ,   i t   i s  

c l e a r   t h a t   as  t he   k n i f e   48  h e l d   in  g u i d e   50  is  p r e s s e d   down 

the   p l a n e   of  t he   g u i d e   f a c e   u n t i l   t he   k n i f e ' s   c u t t i n g   e d g e  

f a c e t   m e e t s   s t o p s   54  on  the   f a c e   of  e n c l o s u r e   60  the   f a c e   o f  

d i s k   30  is  f o r c e d   by  t h e   c u t t i n g   edge   f a c e t   70  to  m o v e  

l a t e r a l l y   f rom  i t s   r e s t   p l a n e   X-X  a g a i n s t   t he   b i a s i n g   m e a n s  



to   t h e   r i g h t .   The  f o r c e   t h a t   t he   d i s k   30  e x e r t s   a g a i n s t  

c u t t i n g   edge   f a c e t   70  is  d e t e r m i n e d   s o l e l y   by  t h e   f o r c e   o f  

the   l e a f   s p r i n g   42.   The  f r e e   t r a v e l   of   t h e   d i s k   30  and  t h e  

s p r i n g   42  mus t   be  l a r g e   e n o u g h   to  a v o i d   f o r c i n g   t h e   d i s k   30  

and  s u p p o r t i n g   s h a f t   26  to  r e a c h   t he   t r a v e l   l i m i t s   b e f o r e  

t he   k n i f e   c u t t i n g   edge   f a c e t   r e s t s   on  t h e   s t o p s   5 4 .  

I t   is  i m p o r t a n t   to  e m p h a s i z e   t h a t   m e c h a n i c a l   m o d i f i c a -  

t i o n s   can  be  made  so  t h a t   t he   k n i f e   g u i d e   50c  w i l l   p o s i t i o n  

the   k n i f e   c u t t i n g   edge   f a c e t   70c  a g a i n s t   t h e   f a c e   of  d i s k  

30c  on  a  l i n e   a b o v e   the   d i s k   c e n t e r   as  shown  in  F i g u r e   1 3 .  

In  t h a t   e v e n t   a  hub  such   as  52a  of  F i g u r e   5  w i l l   no t   b e  

n e c e s s a r y .   The  k n i f e   g u i d e   50c  of  F i g u r e   13  has  a  m a g n e t i c  

e l e m e n t   62c  l o c a t e d   in  t he   s u r f a c e   of  t he   g u i d e   50c  a t   a 

p o i n t   a b o v e   t h e   c e n t e r   of  t he   a b r a s i v e   d i s k   30c  so  as  t o  

p o s i t i o n   t he   k n i f e ' s   v e r t i c a l   c u t t i n g   edge   f a c e t   70c  a b o v e  

the   c e n t e r   l i n e   of   d i s k   30c .   Movemen t   of  k n i f e   48c  down  t h e  

f a c e   of  g u i d e   50c  c a u s e s   t he   k n i f e ' s   v e r t i c a l   c u t t i n g   e d g e  

f a c e t   70c  to  c o n t a c t   t he   f a c e   of  a b r a s i v e   d i s k   30c  in  i t s  

r e s t   p l a n e   X-X  F i g u r e   13  and  to  move  t he   d i s k   to  t he   r i g h t  

a g a i n s t   b i a s i n g   m e a n s ,   no t   s h o w n ,   t h a t   i n s u r e s   f u l l   r e -  

s t r a i n i n g   f o r c e   of  s p r i n g   or  o t h e r   means   on  t h e   k n i f e  

v e r t i c a l   c u t t i n g   edge   f a c e t   bu t   a v o i d s   p u s h i n g   t he   d i s k   3 0 c  

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

p r e s s u r e s   on  t h e   k n i f e   c u t t i n g   edge   f a c e t   and  p o s s i b l e  

g o u g i n g   of  t he   edge   as  d e s c r i b e d   h e r e i n .   By  c a u s i n g   t h e  

k n i f e ' s   v e r t i c a l   c u t t i n g   edge   f a c e t   70c  in  F i g u r e   13  to  r e s t  

on  the   s t o p s   54c  shown  as  i n t e g r a l   p a r t s   of  t he   v e r t i c a l  

f a c e s   of  d i s k   e n c l o s u r e   6 0 c ,   t h a t   is  one  on  e a c h   s i d e   of  t h e  

d i s k ,   i t   is  p o s s i b l e   to  p o s i t i o n   the   c u t t i n g   edge   f a c e t  

p a r a l l e l   h o r i z o n t a l l y   to  t he   f a c e   of  t h e   d i s k   30c  w i t h o u t  



any  p h y s i c a l   c o n t a c t   w i t h   t he   c u t t i n g   edge   i t s e l f .   The  f a c e   o f  

s t o p s   54c  of  e n c l o s u r e   60c  of  F i g u r e   13  can  be  made  to  b e  

p a r a l l e l   v e r t i c a l l y   to  s u r f a c e   of  t he   d i s k   30c  and  h e n c e  

p a r a l l e l   to  t he   v e r t i c a l   c u t t i n g   edge   f a c e t   d u r i n g  

s h a r p e n i n g ;   a l t e r n a t i v e l y   t h e   f a c e   of  s t o p s   54c  of  e n c l o s u r e  

60c  on  e a c h   s i d e   of  t h e   d i s k   30c  can  be  s l o p e d   v e r t i c a l l y  

s l i g h t l y   (a  few  d e g r e e s )   t o w a r d   the   k n i f e   g u i d e   50c  so  t h a t  

the   hee l   of  t h e   k n i f e ' s   v e r t i c a l   c u t t i n g   e d g e   f a c e t   7 0 c  

c o n t a c t s   and  s l i d e s   a l o n g   t h e   f a c e   of  s t o p s   5 4 c ;   or  t h e  

f a c e s   of  s t o p s   54c  can  be  s l o p e d   v e r t i c a l l y   s l i g h t l y   a w a y  

f rom  the   k n i f e   g u i d e   to  be  more  e f f e c t i v e   in  r e m o v i n g   b u r r s  

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

a d j a c e n t   to  t h e   c u t t i n g   e d g e .   S t o p s   t h a t   f u n c t i o n   in  a n  

e q u i v a l e n t   m a n n e r   n e e d   no t   n e c e s s a r i l y   be  a  p a r t   o f  

e n c l o s u r e   60c  bu t   c o u l d   be  of  s e p a r a t e   c o n s t r u c t i o n   a n d  

a t t a c h m e n t   to  b a s e   22c  as  d e s c r i b e d   h e r e i n .  

I r r e s p e c t i v e   of  w h e t h e r   t he   s h a r p e n i n g   is   c a r r i e d   o u t  

above   t he   c e n t e r   of  t he   d i s k ,   as  shown  in  F i g u r e   13,   o r  

o t h e r w i s e   on  t h e   d i s k ,   i t   is  p o s s i b l e   to  p r o v i d e   p r o t e c t i o n  

f o r   t h e  f a c e   of  t he   k n i f e   by  a  p r o t e c t i v e   p r o j e c t i o n   72  t h a t  

can  be  a t t a c h e d   to  e n c l o s u r e   60c  l o c a t e d   a b o u t   1 /4   to  1 / 2  

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

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

g u i d e   50c  a  d i s t a n c e   d,  on  the   o r d e r   of  one  to  s i x t y   ( 6 0 )  

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

a b r a s i v e   and  b e y o n d   t h a t   l i n e   a c r o s s   t he   f a c e   of  e n c l o s u r e  

60c  w h e r e   t he   k n i f e ' s   v e r t i c a l   c u t t i n g   edge   f a c e t   is  s t o p p e d  

d u r i n g   s h a r p e n i n g .   T h i s   p r o j e c t i o n   72  can  be  p h y s i c a l l y  

p a r t   of  t he   e n c l o s u r e   6 0 c ,   F i g u r e   13,   or  a  s e p a r a t e   p h y s i c a l  

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



B i a s i n g   a c t i o n   s u c h  a s   c r e a t e d   by  a  s p r i n g   t h a t   a p p l i e s  

f o r c e   on  t h e   k n i f e   e d g e   d u r i n g   s h a r p e n i n g   can  be  r e a l i z e d  

e i t h e r   by  a p p l y i n g   t h a t   f o r c e   to  t he   d i s k   d r i v e   and  s u p p o r t  

s y s t e m   as  d e s c r i b e d   a b o v e   w h e r e   t he   d i s k   is   f r e e   to  m o v e  

l a t e r a l l y ,   and  t h e   g u i d e   is   s t a t i o n a r y ,   or  a  s i m i l a r   r e s u l t  

can  be  o b t a i n e d   by  a p p l y i n g   t he   b i a s i n g   a c t i o n   and  r e s t r a i n -  

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

s t a t i o n a r y   p o s i t i o n .  

F i g u r e   5  shows   a  k n i f e   g u i d e   50a  and  a  s t a t i o n a r y   d i s k   3 0 a  

w h e r e   t he   g u i d e   50a  is   f r e e   to  s l i d e   l a t e r - a l l y   a l o n g   t h e   s u r f a c e  

82  of  b a s e   p l a t e   22a  w h i l e   b e i n g   p r e s s e d   to  t h e   r i g h t   by  a  c o m -  

p r e s s i o n   s p r i n g   86  l o c a t e d   b e h i n d   t he   k n i f e   g u i d e   5 0 a .   In  u s e  

t he   f a c e   of  k n i f e   48a  r e s t i n g   on  t h e   g u i d e   s u r f a c e   as  shown  i n  

F i g u r e   5,  is  moved  down  t h e   p l a n e   of  t h e   g u i d e   s u r f a c e   t o w a r d  

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

c o n t a c t s   t h e   s u r f a c e   of  a b r a s i v e   d i s k   3 0 a .   Any  f u r t h e r   f o r c e  

t h a n   d i s p l a c e s   t h e   g u i d e   50a  t o  t h e   l e f t   in  F i g u r e   5,  a g a i n s t   t h e  

b i a s i n g   a c t i o n   of  c o m p r e s s i o n   s p r i n g   86  u n t i l   t h e   l o w e r   c u t t i n g  

edge   f a c e t   c o n t a c t s   s t o p s   89  w h i c h   a r e   e x t e n s i o n s   of  t he   g u i d e   on 

each   s i d e   of  t h e   d i s k .   The  s l o p e   of  t h e   u p p e r   f a c e   of  s t o p s   89  

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

c u t t i n g   edge   f a c e t .   H e n c e ,   t he   u p p e r  f a c e   o f   s t o p s   89  i s   a t   a n  

a n g l e   to  t he   p r i n c i p a l   p l a n e   of  t he   a b r a s i v e   s u b s t a n t i a l l y  

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

e l e m e n t   62a  m a k e s   w i t h   t h e   p r i n c i p a l   p l a n e .   When  t h e   l o w e r  

c u t t i n g   edge   f a c e t   comes   to  r e s t   on  t h e   f a c e   of   s t o p s   89  the   k n i f e  

p o s i t i o n   is  s t a b i l i z e d   and  t he   f u l l   f o r c e   of  s p r i n g   86  is  a c t i n g  

to  h o l d   t he   v e r t i c a l   c u t t i n g   edge   f a c e t   a g a i n s t   t h e   a b r a s i v e   d i s k  

30a .   The  u s e r   can  s e n s e   when  t h e   l o w e r   c u t t i n g  e d g e   f a c e t   i s  



a g a i n s t   s t o p   56a  s i n c e   a  much  g r e a t e r   f o r c e   mus t   be  a p p l i e d  

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

k n i f e   h o l d e r   50a  b e y o n d   t h a t   p o i n t .   The  s l o p e   of  the   u p p e r  

f a c e   of  s t o p s   89  can  a l t e r n a t e l y   be  s e t   a t   an  a n g l e   e s s e n -  

t i a l l y   p e r p e n d i c u l a r   to  t he   k n i f e   edge   to  p r o v i d e   a  m o r e  

d e f i n i t i v e   s t o p p i n g   a c t i o n .   Disk  30a  of  F i g u r e   5  is  s t a -  

t i o n a r y   in  t h a t   i t   is  no t   f r e e   to  move  l a t e r a l l y   in  a 

d i r e c t i o n   p a r a l l e l   to  i t s   a x i s   of  r o t a t i o n .   When  the   k n i f e  

48a  is  r e m o v e d ,   t he   g u i d e   50a  moves  to  t he   r i g h t   a  d i s t a n c e  

d e t e r m i n e d   by  t he   g u i d e   s t o p   90  w h i c h   e s t a b l i s h e s   the   r e s t  

p o s i t i o n   of  g u i d e   50a  and  i n s u r e s   t h a t   t he   k n i f e   g u i d e   5 0 a  

w i l l   no t   move  a g a i n s t   t he   s u r f a c e   of  t he   s t a t i o n a r y   r o t a t i n g  

d i s k   30a  bu t   r e m a i n s   c o n t i g u o u s   to  i t   s e p a r a t e d   f rom  i t   by  a 

f i n i t e   gap  56a .   A l i g n m e n t   of  the   k n i f e   g u i d e   50a  r e l a t i v e  

to  d i s k   30a  is  m a i n t a i n e d   by  s h a f t   92  t h a t   moves  t h r o u g h  

b e a r i n g   h o l e   94  in  s u p p o r t   member  96  f a s t e n e d   to  b a s e   p l a t e  

22a .   More  t h a n   one  s p r i n g   and  s h a f t   can  be  u t i l i z e d   t o  

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

g u i d e .   S t o p s   89  t h a t   a c t   on  the   l o w e r   c u t t i n g   edge   f a c e t  

F i g u r e   5  s h o u l d   be  p o s i t i o n e d   so  t h a t   p a r a l l e l   a l i g n m e n t   o f  

the   v e r t i c a l   k n i f e   c u t t i n g   edge   f a c e t   70a  r e l a t i v e   to  t h e  

p r i n c i p a l   p l a n e   of  t he   a b r a s i v e   d i s k   is  m a i n t a i n e d   d u r i n g  

s h a r p e n i n g .   A  hub  52a  is  shown  t h a t   f u n c t i o n s   t h e   same  a s  

hub  52  of  s h a r p e n e r   20  of  F i g u r e s   1,  2  and  3.  Ang le   9  i s  

the   s h a r p e n i n g   a n g l e   t h a t   is  t he   a n g l e   b e t w e e n   the   f a c e   o f  

k n i f e   g u i d e   50a  and  the   p r i n c i p a l   p l a n e   of  t he   a b r a s i v e   d i s k  

30a .   A n g l e # °   of  F i g u r e   5  is  the   a n g l e   b e t w e e n   the   f a c e   o f  

the   k n i f e   g u i d e   50a  and  a  l i n e   e x t e n d e d   f rom  the   u p p e r  

t e r m i n o u s   of  t he   c u t t i n g   edge   f a c e t   70  to  t he   f a c e   of  h u b 5 2 a .  



The  i m p r o v e d   d i s k   s h a r p e n e r   of  p r e f e r r e d   e m b o d i m e n t  

shown  in  F i g u r e s   1  t h r o u g h   3  d i s c l o s e d   h e r e   has  been   s h o w n  

to  p r o d u c e   v e r y   q u i c k l y   a  good  edge   on  a  wide   v a r i e t y   o f  

k n i v e s   w i t h o u t   s c o r i n g ,   g o u g i n g ,   or  o t h e r w i s e   d a m a g i n g   t h e  

k n i f e .   I t   has  been   f o u n d   a l s o   t h a t   i t   p r o d u c e s   a  m i n i m u m  

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

w h e e l s ,   b e v e l e d   d i s k s ,   h a r d   s t o n e s ,   and  the   l i k e .   T h i s  

r a p i d   a c t i o n ,   t he   good  q u a l i t y   e d g e ,   c o n v e n i e n c e   of  u s e ,   a n d  

r e d u c e d   b u r r   make  t h i s   an  i d e a l   s h a r p e n e r   to  be  u s e d   i n  

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

c o p e n d i n g   p a t e n t   a p p l i c a t i o n   c i t e d   a b o v e .   The  o r b i t a l  

s h a r p e n e r   w h i l e   a  r e l a t i v e l y   f a s t   s h a r p e n e r   r e m o v e s   m e t a l   a t  

a  s l o w e r   r a t e   t h a n   the   d i s k   s h a r p e n e r   f o r   a  g i v e n   g r i t   s i z e .  

The  d i s k   c o m m o n l y   has  a  r e l a t i v e l y   c o a r s e   a b r a s i v e   in  t h e  

r a n g e   of  1 0 0 - 1 8 0   g r i t .   The  o r b i t a l   s h a r p e n e r   can  r a p i d l y  

g e n e r a t e   a  s u p e r i o r   f i n e ,   t h i n   edge   on  the   o r d e r   of  1 / 1 0 , 0 0 0  

i n c h   wide   a f t e r   f i r s t   p r e s h a r p e n i n g   t h e   k n i f e   in  the   d i s k  

s h a r p e n e r .   The  a b s e n c e   of  a  s i z e a b l e   b u r r   a l l o w s   f i n a l   e d g e  

f o r m a t i o n   to  o c c u r   r a p i d l y   w i t h   an  o r b i t a l   s h a r p e n e r .   T h e r e  

a r e   many  o t h e r   s h a r p e n e r s   known  in  t he   a r t   t h a t   can  be  u s e d  

to  p l a c e   an  edge   on  the   b l a d e   p r i o r   to  t he   use  of  t h e  

o r b i t a l   s h a r p e n e r ,   h o w e v e r ,   t he   i m p r o v e d   d i s k   s h a r p e n e r   is  a 

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

In  p a r t i c u l a r   f o r   s h a r p e n i n g   k n i v e s   t h a t   a r e   d u l l   o r  

have  a  p o o r l y   f o r m e d   edge   the   u n i q u e   c o m b i n a t i o n   of  a n  

i m p r o v e d   d i s k   s h a r p e n e r   as  d i s c l o s e d   h e r e   w i t h   an  o r b i t a l  

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

c i t e d   a b o v e   w i l l   form  r a p i d l y   a  s u p e r i o r   1 / 1 0 , 0 0 0   i nch   w i d e  

edge   on  a  b l a d e .   The  a p p a r a t u s   as  shown  in  F i g u r e s   11  a n d  



12  c o m b i n e s   t h e s e   two  u n i q u e   p r o c e s s e s   i n t o   a  s i n g l e   s h a r -  

p e n e r   t h a t   can  be  u sed   by  t he   i n e x p e r i e n c e d   to  p r o d u c e  

r e l i a b l y   and  r a p i d l y   r a z o r - s h a r p   e d g e s .  

The  i m p r o v e d   d i s k   s h a r p e n e r   in  c o m b i n a t i o n   w i t h   a n  

o r b i t a l   s h a r p e n e r   is  s h o w n ,   by  way  of  e x a m p l e ,   in  F i g u r e s   11 

and  12.  Base  p l a t e   22b ,   F i g u r e   12,  s u p p o r t s   m o t o r   2 4 b ,  

f a s t e n e d   to  b a s e   p l a t e   22b  by  s c r e w s   or  o t h e r   means   ( n o t  

s h o w n ) ,   whose   l e f t   s h a f t   26b  d r i v e s   d i s k   h o l d e r   28b  on  w h i c h  

is  m o u n t e d   a b r a s i v e   d i s k   30b  t h a t   r o t a t e s   a b o u t   3000  RPM  b u t  

at   a  maximum  s u r f a c e   a b r a s i v e   c i r c u m f e r e n t i a l   v e l o c i t y   o f  

l e s s   t h a n   a b o u t   800  f t . / m i n u t e   to  r e d u c e   the   r i s k   of  o v e r -  

h e a t i n g   the   k n i f e   e d g e .   Fan  100  m o u n t e d   on  s h a f t   26b  s e r v e s  

to  coo l   m o t o r   24b.   Air   e n t e r s   t he   a p p a r a t u s   t h r o u g h   t h e  

a n n u l u s   102  b e t w e e n   u p p e r   c o v e r   104  and  l o w e r   c o v e r   106  a n d  

e x h a u s t s   ou t   a  b a s e   o p e n i n g   108  in  the   b a s e   p l a t e   22b  w h i c h  

is  s u p p o r t e d   on  r u b b e r   f e e t   3 2 b .  

V e r t i c a l   s u p p o r t   m e m b e r s   34b ,   112,   and  36b ,   F i g u r e   1 2 ,  

s e c u r e d   to  b a s e   22b  by  s t r u c t u r a l   a d h e s i v e   or  s c r e w s   ( n o t  

shown)   s u p p o r t   u p p e r   h o r i z o n t a l   s u p p o r t   member  116  w h i c h   i n  

t u r n   s u p p o r t s   t he   k n i f e   g u i d e   a s s e m b l y   118  t h r o u g h   the   k n i f e  

g u i d e   b a s e   120  t h a t   is  f a s t e n e d   s e c u r e l y   to  u p p e r   h o r i z o n t a l  

s u p p o r t   member   116  by  one  or  more  s c r e w s   122  as  s h o w n .  

D r i v e   g e a r   p u l l e y   124  m o u n t e d   on  r i g h t   a r m a t u r e   s h a f t  

e x t e n s i o n   44b ,   F i g u r e   12,  d r i v e s   two  g e a r   p u l l e y s   126  ( o n e  

s h o w n ) s y n c h r o n o u s l y   by  means   of  t i m i n g   b e l t   128  ( t o o t h e d ) .  

The  a r m a t u r e   s h a f t   e x t e n s i o n   44b  and  s h a f t s   130  f o r   a t t a c h e d  

g e a r   p u l l e y s   126,   r i d e   in  s l e e v e   b e a r i n g s   132  i n s e r t e d   i n t o  

v e r t i c a l   s u p p o r t   members   112  and  36b.   A  more  d e t a i l e d  

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

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



d r i v e n   c r a n k s   134  m a c h i n e d   o n t o   t he   end  of  s h a f t s   130  r i d e  

w i t h i n   the   g l a s s   f i l l e d   f l u o r o c a r b o n   s l e e v e   b e a r i n g s   1 3 8  

i n s e r t e d   in  d r i v e   p l a t e   136  and  g e n e r a t e   an  o r b i t a l   m o t i o n  

of  d r i v e   p l a t e   136 .   T h e r e   a re   shown  in  F i g u r e   12  two  s e t s  

of  t he   t h r e e   (3)   or  more  s u p p o r t   b e a r i n g s   139  h e l d   b y  

b r a c k e t   141 ,   h o r i z o n t a l   s u p p o r t   member   116 ,   and  s u p p o r t   3 6 b  

b e a r   s l i d i n g l y   on  d r i v e   p l a t e   136  to  h o l d   d r i v e   p l a t e   136  i n  

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

p l a n e   as  d e s c r i b e d   in  t he   c o p e n d i n g   U.S .   p a t e n t   a p p l i c a t i o n .  

A t t a c h e d   to  d r i v e   p l a t e   136  by  means   of  s c r e w   140  is  a n  

o r b i t i n g   yoke   a s s e m b l y   142  w h i c h   has  u p p e r   arms  144  on  w h i c h  

is  m o u n t e d   o r b i t i n g   a b r a s i v e   m a t e r i a l   146 .   T h r o u g h   t h i s  

s t r u c t u r e   t he   o r b i t a l   m o t i o n   g e n e r a t e d   in  d r i v e   p l a t e   1 3 6  

c r e a t e s   o r b i t a l   m o t i o n   of  a b r a s i v e   m a t e r i a l   1 4 6 .  

The  k n i f e   g u i d e   a s s e m b l y   118,   F i g u r e s   11  and  1 2 ,  

c o n t a i n s   p l a s t i c   s t r u c t u r e s   148  t h a t   s u p p o r t   m a g n e t i c  

e l e m e n t s   150  w h i c h   a t t r a c t   and  e s t a b l i s h   a  g u i d e   p l a n e   f o r  

the   f a c e   of  t he   k n i f e .   The  k n i f e   g u i d e   a s s e m b l y   118  a l s o  

i n c l u d e s   k n i f e   s t o p s   152 ,   shown  in  F i g u r e   11,  t h a t   s e r v e   a 

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

t i o n   c i t e d   a b o v e .   The  k n i f e   g u i d e   50b  u s e d   w i t h   t h e   a b r a -  

s i v e   d i s k   30b  c o n t a i n s   p l a s t i c   s u p p o r t i n g   s t r u c t u r e   154  t h a t  

e x t e n d s   and  c o n t a c t s   t he   f a c e   of  e n c l o s u r e   60b .   I t   c o n t a i n s  

a  m a g n e t i c   e l e m e n t   62b  to  c o n t r o l   the   a n g l e   of  t h e   f a c e   o f  

k n i f e   r e l a t i v e   to  t he   a b r a s i v e   d i s k   30b .   The  m a g n e t i c  

e l e m e n t   62b  w h i c h   a t t r a c t s   t he   k n i f e   and  e s t a b l i s h e s   a  g u i d e  

p l a n e   f o r   t he   f a c e   of  t he   k n i f e   is  e s s e n t i a l l y   as  d e s c r i b e d  

w i t h   F i g u r e   2.  In  use  the   c u t t i n g   edge   f a c e t   of  t he   k n i f e  

p l a c e d   on  g u i d e   50b  r e s t s   on  the   s t o p   54b  on  t h e   f a c e   o f  

e n c l o s u r e   60b.   The  d r i v e   c r a n k s   134  can  be  an  i n t e g r a l   p a r t  



of  s h a f t   130  as  d e s c r i b e d   a b o v e   or  be  a  s e p a r a t e   p a r t  

a f f i x e d   t h e r e t o .   The  m o t o r   24b ,   F i g u r e   12,  mus t   be  s e l e c t e d  

such   t h a t   i t s   a r m a t u r e   and  s h a f t   26b ,   w h i c h   on  t h e   r i g h t   o f  

t h e   m o t o r   is  shown  as  a r m a t u r e   s h a f t   e x t e n s i o n   4 4 b ,   h a s  

s u f f i c i e n t   e n d - p l a y   to  a l l o w   t he   n e c e s s a r y   m o v e m e n t   o r  

d i s p l a c e m e n t   of  d i s k   30b  in  d i r e c t i o n   a l o n g   i t s   a x i s   o f  

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

t h i c k e s t   k n i f e   to  be  s h a r p e n e d .   F ree   e n d - p l a y   on  the   o r d e r  

of  1 / 1 6   i n c h   has  p r o v e n   a d e q u a t e   w i t h   mos t   k n i v e s   to  a l l o w  

the   d i s k   30b  to  be  d i s p l a c e d   to  the   r i g h t   in  F i g u r e   12 

w i t h o u t   r e a c h i n g   t h e   l i m i t   of  t r a v e l   p e r m i t t e d   by  t he   f r e e  

e n d - p l a y .  

In  t h i s   m a n n e r ,   when  a  k n i f e   is  i n s e r t e d   b e t w e e n   t h e  

g u i d e   50b ,   F i g u r e   12,   and  the   r o t a t i n g   a b r a s i v e   d i s k   30b  s o  

t h a t   t he   k n i f e   c u t t i n g   edge   f a c e t   r e s t s   on  s t o p s   5 4 b ,   t h e  

d i s k   30b  is  d i s p l a c e d   to  t he   r i g h t   and  i t   is  f l o a t i n g  

a g a i n s t   t he   b i a s i n g   f o r c e   of  s p r i n g   42b  t h a t   a p p l i e s   t h a t  

f o r c e   to  s h a f t   e x t e n s i o n   44b  t h r o u g h   t h r u s t   b e a r i n g   4 6 b  

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

s h a f t   26b  and  to  t he   d i s k   30b .   W i t h o u t   a d e q u a t e   f r e e  

e n d - p l a y   in  t he   m o t o r   a r m a t u r e   d i s p l a c e m e n t   of  t he   d i s k   3 0 b  

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

no t   s h o w n ,   w h i c h   is  u s u a l l y   a  t h r u s t   b e a r i n g ,   and  t he   d i s k  

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

e x c e s s i v e l y   h i g h   f o r c e s   on  t he   k n i f e   by  the   r o t a t i n g   a b r a -  

s i v e   d i s k   30b  c a u s i n g   g o u g i n g   or  o t h e r   p h y s i c a l   damage   t o  

the   k n i f e   e d g e .   The  s p r i n g   l o a d i n g   c o n c e p t   e m p l o y e d   h e r e   i n  

c o n j u n c t i o n   w i t h   t he   s t o p s   54b  on  the   f a c e   of  e n c l o s u r e   6 0 b  

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

f o r c e   on  the   b l a d e   edge   w h i l e   b e i n g   s h a r p e n e d   and  u n i f o r m  



s h a r p e n i n g   a c t i o n   a l o n g   the   l e n g t h   of  k n i f e   edge   w i t h o u t  

g o u g i n g .   The  e n c l o s u r e   60b  f o r   t he   d i s k   shown  on  l o w e r   l e f t  

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

s t o p s   54b  bu t   w i t h o u t   i n t e r f e r i n g   w i t h   f r e e   k n i f e   e d g e  

i n s e r t i o n   b e t w e e n   d i s k   30b  and  g u i d e   50b  and  f r e e   c o n t a c t   o f  

t he   c u t t i n g   edge   f a c e t   a g a i n s t   t he   s u r f a c e   of  d i s k   3 0 b .  

By  c o m b i n i n g   t h e s e   two  u n i q u e   s h a r p e n e r s   i n t o   a  s i n g l e  

a p p a r a t u s   i t   is  p o s s i b l e   to  i n c o r p o r a t e   k n i f e   g u i d e s   t h a t  

o p t i m i z e   t he   s e q u e n t i a l   s h a r p e n i n g   a n g l e s   0  in  a  m a n n e r   t h a t  

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

on  the   c u t t i n g   edge   f a c e t s   and  a  k n i f e   of  s u p e r i o r   c u t t i n g  

p e r f o r m a n c e .   A n g l e   8  is  d e t e r m i n e d   by  t h e   p l a n e   of  t h e  

g u i d e   f a c e   on  w h i c h   the   b l a d e   r e s t s   and  t h e   p l a n e   of  t h e  

moving   a b r a s i v e   s u r f a c e ,   d e s c r i b e d   in  t he   c o p e n d i n g   U . S .  

p a t e n t   a p p l i c a t i o n   c i t e d   a b o v e ,   and  shown  in  F i g u r e s   2  a n d  

5.  I t   was  f o u n d   t h a t   by  u s i n g   a  c a r e f u l l y   c o n t r o l l e d   a n d  

s l i g h t l y   l a r g e r   s h a r p e n i n g   a n g l e   in  s u c c e s s i v e   s h a r p e n i n g  

s t e p s   i t   is  p o s s i b l e   to  d e c r e a s e   m a r k e d l y   t h e   t o t a l   s h a r p e n -  

ing  t i m e   and  i n s u r e   a  s u p e r i o r   c u t t i n g   edge   on  t he   b l a d e .  

A l t h o u g h   no t   e s s e n t i a l   i t   is  p r e f e r a b l e   t h a t   t he   c o n s t r u c -  

t i o n   of  t he   k n i f e   g u i d e s   f o r   t he   d i s k   and  s u b s e q u e n t   o r b i t -  

ing  a b r a s i v e   s h a r p e n i n g   s t e p s   be  v e r y   s i m i l a r   so  as  t o  

p o s i t i o n   and  h o l d   t he   k n i f e   in  an  e s s e n t i a l l y   u n i f o r m   m a n n e r  

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

the   s h a r p e n i n g   a n g l e .  

Many  f a c t o r y   p r o d u c e d   k i t c h e n   k n i v e s   h a v e ,   by  way  o f  

e x a m p l e ,   a  t o t a l   c u t t i n g   a n g l e   as  f o r m e d   by  t he   i n t e r s e c t i o n  

of  c u t t i n g   edge   f a c e t s   70  of  F i g u r e   4,  g r e a t e r   t h a n   4 0 ° .  

Only  r a r e l y   does   t he   owner   know  the   a c t u a l   t o t a l   a n g l e   o f  

c u t t i n g   edge  f a c e t s ,   so  any  p r a c t i c a l   means   f o r   s h a r p e n i n g  



must   be  c a p a b l e   of  r a p i d   and  f o o l p r o o f   s h a r p e n i n g   i n d e p e n -  

d e n t   of  and  w i t h o u t   k n o w l e d g e   of  t he   i n i t i a l   edge   a n g l e .   I f  

i t   is  d e s i r e d   to  p r o d u c e   a  r a z o r   e d g e ,   a  f i n e   g r i t   a b r a s i v e  

is  d e s i r a b l e   f o r   f i n i s h i n g   t he   k n i f e ,   bu t   f i n e   a b r a s i v e s  

r emove   m e t a l   s l o w l y .   If   one  d id   know  t he   i n i t i a l   t o t a l  

a n g l e   of  t h e   edge   f a c e t s   of  t he   k n i f e   and  c o u l d   c o n t r o l   t h e  

s h a r p e n i n g   a n g l e ,   i t   w o u l d   be  f e a s i b l e   and  p r a c t i c a l   to  u s e  

f i n e   a b r a s i v e   and  to  s h a r p e n   the   k n i f e   a t   an  a n g l e   1 - 2  

d e g r e e s   g r e a t e r   t h a n   t he   i n i t i a l   a n g l e   so  t h a t   o n l y   l i t t l e  

m e t a l   need   by  r e m o v e d   and  o n l y   in  t he   i m m e d i a t e   v i c i n i t y   o f  

the   e d g e .   H o w e v e r ,   r e p e a t e d   r e s h a r p e n i n g   w o u l d   have  to  b e  

done  a t   e v e r   i n c r e a s i n g   a n g l e s   i f   one  is  to  a v o i d   need   t o  

r emove   l a r g e   q u a n t i t i e s   of  m e t a l ,   and  such   r e s h a r p e n i n g s  

wou ld   u l t i m a t e l y   r e s u l t   in  a  b l u n t ,   d u l l   k n i f e .   The  p r e s e n t  

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

m a n n e r   t h a t   i n s u r e s   r a p i d   s h a r p e n i n g   of  a  b l a d e   to  a  r a z o r  

s h a r p   edge   w i t h o u t   p r i o r   k n o w l e d g e   of  t h e   i n i t i a l   a n g l e   o f  

the   c u t t i n g   e d g e .   To  a c c o m p l i s h   t h i s ,   t he   b l a d e   is  g i v e n   a n  

i n i t i a l   s h a r p e n i n g   w i t h   a  c o a r s e   g r i t   d i s k   s h a r p e n e r   bu t   a t  

a  p r e c i s e l y   d e t e r m i n e d   edge   a n g l e   t h a t   is  l e s s   t h a n   t h e  

s h a r p e n i n g   a n g l e s   u sed   in  t he   o r b i t a l   s h a r p e n e r   t h a t   u s e s  

g e n e r a l l y   a  f i n e r   g r i t   s i z e ,   a  l o w e r   v e l o c i t y   of  t he   a b r a -  

s i v e   e l e m e n t s ,   and  the   u n i q u e   o r b i t a l   m o t i o n   t h a t   p r o d u c e s   a 

r a z o r - l i k e   e d g e .  

To  i l l u s t r a t e   the   a d v a n t a g e s   of  t h i s   i n v e n t i o n   in  a n  

a c t u a l   s h a r p e n i n g   c a s e   and  r e f e r r i n g   to  F i g u r e   6  and  a s s u m -  

i n g ,   by  way  of  e x a m p l e ,   t he   k n i f e   to  be  s h a r p e n e d   has  i t s  

c u t t i n g   edge   f a c e t s   m e e t i n g   a t   an  i n i t i a l   t o t a l   a n g l e   o f  

4 5 ° ,   a  p o p u l a r   a n g l e   f o r   k i t c h e n   k n i v e s ,   i t   is  d e s i r a b l e  

f i r s t   t h a t   t he   d i s k   s h a r p e n e r   s h a r p e n   t he   k n i f e   to  c r e a t e   a 



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

by  the   two  c u t t i n g   edge   f a c e t s   70  of  F i g u r e   4.  T h i s   a n g l e  

s h o u l d   be  l e s s   t h a n   t he   a n g l e   to  be  c r e a t e d   on  t he   f a c e t   i n  

s u b s e q u e n t   o r b i t i n g   s h a r p e n i n g   s t a g e s .   A  c o n v e n i e n t   a n g l e  

of  c h o i c e   m i g h t   be  34°  by  way  of  t h i s   e x a m p l e   as  shown  i n  

F i g u r e   6.  T h i s   s h a r p e n i n g   s t e p   e n t a i l s   r e m o v a l   of  a  s u b -  

s t a n t i a l   a m o u n t   of  m e t a l   f rom  the   e d g e ,   a  t a s k   t he   d i s k  

s h a r p e n e r   w i t h   say  1 0 0 - 1 8 0   g r i t   is  i d e a l l y   s u i t e d   to  do  

r a p i d l y   w i t h   c r e a t i o n   of  o n l y   l i t t l e   b u r r   on  t he   e d g e .   I f  

by  c h a n c e   the   i n i t i a l   t o t a l   b l a d e   a n g l e   were   l e s s   t h a n   3 4 ° ,  

the   d i s k   s h a r p e n e r   w o u l d   n e v e r t h e l e s s   g e n e r a t e   a  34°  a n g l e  

on  the   b l a d e .   The  r e s u l t i n g   b l a d e   edge   shown  in  F i g u r e   7 

w i t h   a  34°  t o t a l   i n c l u d e d   a n g l e   t h e n   can  be  s h a r p e n e d   to  a 

r a z o r   edge   in  e i t h e r   a  one  s t e p   or  m u l t i p l e   s t e p   o r b i t a l  

s h a r p e n e r .   The  use  of  two  o r b i t a l   s h a r p e n e r   s t e p s   f o l l o w i n g  

d i s k   s h a r p e n i n g   makes   i t   p o s s i b l e   to  use   f i r s t   a 

f a s t e r - w o r k i n g   c o a r s e r   g r i t   f o l l o w e d   by  a  f i n e r   g r i t   t o  

l e a v e   a  s m o o t h e r   e d g e .  

I l l u s t r a t i n g   w i t h   a  two  s t e p   o r b i t a l   s h a r p e n e r ,   f i r s t  

t he   k n i f e   of  F i g u r e   7  w i t h   a  34°  t o t a l   a n g l e   is  s h a r p e n e d   t o  

a  40°  t o t a l   a n g l e   w h i c h   can  be  done  r a p i d l y   w i t h   an  o r b i t i n g  

a b r a s i v e   of  a b o u t   180  g r i t .   T h i s   s t e p   need   e n t a i l   r e m o v a l  

of  o n l y   a  s m a l l   a m o u n t   of  m e t a l   n e a r   t he   edge   of  t he   c u t t i n g  

edge   f a c e t s   as  s een   in  F i g u r e   7,  c o m p a r e d   to  t he   a m o u n t   o f  

m e t a l   r e m o v e d   in  t he   p r e c e d i n g   d i s k   s h a r p e n e r   o p e r a t i o n .  

The  r e s u l t i n g   b l a d e   F i g u r e   8  has  a  34°  t o t a l   a n g l e   a l o n g   t h e  

r e a r   of  the   c u t t i n g   edge   f a c e t   and  a  40°  t o t a l   a n g l e   n e a r e r  

to  t he   c u t t i n g   edge   i t s e l f .   In  t he   f i n a l   o r b i t a l   s h a r p e n i n g  

s t e p   we  can  f o r   e x a m p l e   use  a  f i n e r   a b r a s i v e   of  say  a b o u t  

6 0 0 - 1 5 0 0   g r i t ,   to  r e c r e a t e   t he   o r i g i n a l   45°  a n g l e   a d j a c e n t  



to  the   v e r y   c u t t i n g   edge   as  s een   in  F i g u r e   9  ( e n l a r g e d )   by  

r e m o v a l   of  o n l y   v e r y   l i t t l e   a d d i t i o n a l   m e t a l .   B e c a u s e   t h i s  

s e r i e s   of  s h a r p e n i n g   s t e p s   is  i n c o r p o r a t e d   in  a  s i n g l e  

a p p a r a t u s ,   i t   is  p o s s i b l e   f o r   the   m a n u f a c t u r e r   to  i n c o r p o -  

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

s t e p   w i t h   a  s l i g h t l y   g r e a t e r   a n g l e   so  t h a t   o n l y   t he   d i s k  

s h a r p e n e r   has  the   b u r d e n   of  r e m o v i n g   s u b s t a n t i a l   q u a n t i t i e s  

of  m e t a l .   The  o r b i t i n g   s h a r p e n e r   has  to  r e m o v e   o n l y   r e l a -  

t i v e l y   s m a l l e r   a m o u n t s   of  m e t a l   w h i l e   p l a c i n g   a  f i n e   edge   on  

the   k n i f e .   Each  s h a r p e n i n g   s t e p   is  e m p l o y e d   to  do  wha t   i t  

can  do  b e s t   and  the   o v e r a l l   r e s u l t   f o r   t he   i n e x p e r i e n c e d   i s  

r a p i d   f o r m a t i o n   of  a  k n i f e   w i t h   a  f i n e ,   r a z o r - l i k e   e d g e .  

The  r e s u l t i n g   k n i f e   edge   of  t h i s   e x a m p l e   shown  in  F i g .   10  

and  h i g h l y   e n l a r g e d   c o m p a r e d   to  the   s c a l e   of  s t a r t i n g   b l a d e  

of  F i g u r e   6  has  t h r e e   m i c r o   b e v e l s   a l o n g   e a c h   c u t t i n g   e d g e  

f a c e t   70  t h a t   form  t o t a l   a n g l e s   of  3 4 ° ,   4 0 ° ,   and  45°  r e s p e c -  

t i v e   as  one  v i e w s   the   k n i f e   c u t t i n g   edge   f a c e t s   at  p o s i t i o n s  

p r o g r e s s i v e l y   c l o s e r   to  t he   c u t t i n g   e d g e .   B e c a u s e   t h a t  

l e n g t h   a l o n g   the   c u t t i n g   edge   f a c e t   t h a t   is  b e v e l e d   a t   4 5 °  

is  v e r y - s m a l l ,   u s u a l l y   l e s s   t h a n   0 . 0 3 0   i n c h e s ,   i t   can  b e  

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

l e a v i n g   e s s e n t i a l l y   no  b u r r   on  the   e d g e .   Any  f i n a l   m i c r o -  

b u r r   on  the   b l a d e   edge   can  be  r e a d i l y   r e m o v e d   by  p u s h i n g   t h e  

k n i f e   edge  o v e r   and  in  s l i d i n g   c o n t a c t   w i t h   t he   k n i f e   s t o p s  

152  of  F i g u r e   11  b e f o r e   t he   b l a d e   edge  f a c e t   is  a b r a d e d   b y  

the   o r b i t i n g   a b r a s i v e   146 .   For  r e s h a r p e n i n g   a  k n i f e   o n c e  

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

c r e a t e   the   40°  and  45°  t o t a l   a n g l e s   w i l l   u s u a l l y   r e g e n e r a t e  

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

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



or  h a r d   use  w o u l d   i t   be  n e c e s s a r y   to  use   t he   l o w e r   a n g l e  

d i s k   s h a r p e n e r   a g a i n .  

A  k n i f e   s h a r p e n e d   as  j u s t   d e s c r i b e d   has  a  s i g n i f i c a n t l y  

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

more  c o n v e n t i o n a l   m e a n s .   A  k n i f e   s h a r p e n e d   a c c o r d i n g   t o  

t h i s   e x a m p l e   w i l l   have   t h r e e   d i s t i n c t   m i c r o   b e v e l s   on  t h e  

c u t t i n g   edge   f a c e t   as  shown  in  F i g u r e   10.  S u p e r i o r   c u t t i n g  

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

a r e   a t t r i b u t a b l e   to  the   f a c t   t h a t   t he   d e c r e a s i n g   b e v e l  

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

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

m a t e r i a l   b e i n g   c u t   to  t e n d   to  move  away  f rom  or  to  b e a r   l e s s  

f i r m l y   on  t he   r e a r   p o r t i o n   of  the   c u t t i n g   edge   f a c e t .   A 

k n i f e   w i t h   a p p r o p r i a t e   m i c r o   c u t t i n g   edge   f a c e t s   as  c r e a t e d  

by  t h i s   i n v e n t i o n   can  r emove   r e a d i l y   a  v e r y   f i n e   s h a v i n g   o f  

m a t e r i a l   f rom  t he   s u r f a c e   of  a  m a t e r i a l   as  c o n t r a s t   to  a 

g r e a t e r   t e n d e n c y   of  a  k n i f e   to  s p l i t   t he   s u r f a c e   and  d i g  

be low  the   s u r f a c e   i f   the   c u t t i n g   edge  f a c e t s   a r e   p l a n a r   as  a 

r e s u l t   of  b e i n g   s h a r p e n e d   o n l y   at  a  s i n g l e   a n g l e .  

One  can  see  f rom  the   f o r e g o i n g   the   u n i q u e n e s s   o f  

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

s h a r p e n e r   in  a  s i n g l e   a p p a r a t u s .   Even  a  v e r y   d u l l   k n i f e   c a n  

be  s h a r p e n e d   r a p i d l y   by  the   i n e x p e r i e n c e d   and  t he   r e s u l t i n g  

k n i f e   edge   is  r a z o r   s h a r p   on  the   o r d e r   of  1 / 1 0 , 0 0 0   i n c h  

w i d e .  

F i g u r e s   1 4 - 1 5   show  an  a l t e r n a t i v e   fo rm  of   t h e  

i n v e n t i o n   u s i n g   a  s p l i t   d i s k   a r r a n g e m e n t .   The  d o u b l e   d i s k  



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

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

of  a  k n i f e   f rom  t h e   same  s i d e   of  t h e   s h a r p e n e r .   In  t h i s  

a r r a n g e m e n t   two  d i s k s   30d,   30d  a r e   s e c u r e d   and  p o s i t i o n e d  

back   to   b a c k   on  a  d r i v e n   s h a f t   26d  and  h e l d   a p a r t   a g a i n s t  

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

as  s p r i n g   100 ,   l o c a t o d   b e t w e e n   the   two  d i s k s   f o r c i n g   t h e  

d i s k s   a p a r t .   T r a v e l   of  e a c h   d i s k   a l o n g   the   s h a f t   a x i s   i s  

l i m i t e d   in  one  d i r e c t i o n   by  t he   s t o p   or  p i n   101  l o c a t e d  

on  t he   s h a f t   and  in  the   o t h e r   d i r e c t i o n   by  t h e   p o s i t i o n  

of  t h e   s e c o n d   d i s k   or  t he   b i a s i n g   m e c h a n i s m .   The  p e r -  

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

and  t o w a r d   t h e   o p p o s i t e   d i s k   mus t   be  s u f f i c i e n t   to  a v o i d  

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

a g a i n s t   t h e   b i a s i n g   m e c h a n i s m   a t   any  t i m e   w h i l e   t h e   k n i f e  

b e i n g   s h a r p e n e d   is  d i s p l a c i n g   t h e   d i s k   a g a i n s t   t h e   b i a s i n g  

m e c h a n i s m .   The  d i s k s   s e c u r e d   to  t h e   s t o p s   can   s l i d e  

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

to  r o t a t e   a t   t h e   s h a f t   s p e e d   by  a  p i n   101  f a s t e n e d   to  o r  

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

102  of  t h e   hub  of  e a c h   d i s k   T h a t   p in   101  a l s o   can   s e r v e  

as  a  s t o p   to  c o n t r o l   p o s i t i o n   of  t h e   d i s k s   in  t h i s   r e s t  

p o s i t i o n .   O t h e r   means   of  d r i v i n g   t h e   d i s k s   a t   s h a f t  

s p e e d   w h i l e   a l l o w i n g   t h e   d i s k s   to  s l i d e   on  t h e   s h a f t   w i l l  

be  o b v i o u s   to  t h o s e   s k i l l e d   in  m e c h a n i c a l   a r t s .   A b r a s i v e  

m o u n t e d   on  t h e   o u t s i d e   f a c e s   of  e a c h   d i s k   30d,   3 0 d  

r o t a t i n g   on  t h e   s h a f t   26d  is  p r e s s e d   a g a i n s t   t h e   k n i f e  



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

by  t h e   s p r i n g   or   o t h e r   b i a s i n g   m e a n s .   For   a  g i v e n   k n i f e  

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

s h a r p e n i n g   d e p e n d s   on  t h e   b i a s i n g   f o r c e   and  on  t h e   s i z e  

and  s p e e d   of  t h e   a b r a s i v e   p a r t i c l e s .  

A l t h o u g h   n o t   i l l u s t r a t e d   in  F i g u r e   14,  i t   i s   to  b e  

u n d e r s t o o d   t h a t   t h e   s t o p s   54  ( F i g u r e   2)  may  be  e x t e n d e d  

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

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

v e r t i c a l   f a c e t .   S t o p s   54  t h u s   w o u l d   l i m i t   t h e   d e g r e e   o f  

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

d i s k   a g a i n s t   t h e   s p r i n q .  

The  i n v e n t i o n   may  a l s o   be  u s e d   by  m o u n t i n g   a n y  

s u i t a b l e   n u m b e r   of  d i s k s   on  e a c h   s h a f t   to   a c h i e v e   d i f f e r e n t  

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

i n t e r m e d i a t e   t r e a t m e n t s .  

T h i s   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  t he   s p i r i t   or  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  p r e s e n t   e m b o d i m e n t s   and  t h o s e   d e s c r i b e d  

h e r e   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   a s  

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  t he   i n v e n t i o n  

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

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   t h e  

m e a n i n g   and  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  

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



1.  A p p a r a t u s   f o r   s h a r p e n i n g   a  f e r r o m a g n e t i c   k n i f e   h a v -  

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

h a v i n g   a  s h a f t   h a v i n g   an  a x i s   of   r o t a t i o n ,   a  d i s k - l i k e   a b r a -  

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

p e r p e n d i c u l a r   to   t h e   a x i s   of   r o t a t i o n ,   s a i d   a p p a r a t u s  

c o m p r i s i n g :  

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

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

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

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

f a c e   of   t h e   a b r a s i v e   s u r f a c e   to   e s t a b l i s h   a  g u i d e   p l a n e  

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

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

e d g e   f a c e t   a g a i n s t   t h e   p r i n c i p a l   p l a n e ,   a n d  

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

g u i d e   m e a n s .  

2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h i c h   i n c l u d e s   a  

p a i r   of   s t o p s   f o r   t h e   f i r s t   c u t t i n g   edge   f a c e t   p o s i t i o n e d  

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

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

e d g e   f a c e t   in   t h e   d i r e c t i o n   of   t h e   d i s k   and  to  c o n t r o l   t h e  

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

s u r f a c e .  

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or   2,  w h e r e   t h e  

b i a s i n g   m e a n s   i s   p r o v i d e d   by  a  s p r i n g   a c t i n g   on  t h e   end  o f  

t h e   s h a f t ,   and  t h e   s h a f t   i s   a  m o t o r   s h a f t   h a v i n g   a d e q u a t e  

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

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

4.  A p p a r a t u s   a c c o r d i n g   to   any  one  of   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   t h e   a b r a s i v e   s u r f a c e   i s   c i r c u l a r   and  h a s  

a  c o n c e n t r i c   hub  of   f i n i t e   d i a m e t e r   on  t h e   o r d e r   of   1 0  

p e r c e n t   of   t h e   a b r a s i v e   s u r f a c e   d i a m e t e r   and  p r o t r u d e s   b e y o n d  

t h e   a b r a s i v e   s u r f a c e   by  a  d i s t a n c e   of   more   t h a n   one   t h o u s a n d t h  

of   an  i n c h   and  l e s s   t h a n   5  p e r c e n t   of   t h e   s u r f a c e   d i a m e t e r .  



5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t h e   a b r a -  

s i v e   s u r f a c e   i s   c i r c u l a r   and  has   a  p r o t e c t i v e   e n c l o s u r e  

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

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

o p p o s i t e   t h e   g u i d e   p l a n e   a  d i s t a n c e   a t   l e a s t   1 /4   i n c h   f r o m  

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

t h e   p r i n c i p a l   p l a n e   and   e x t e n d s   in   a  d i r e c t i o n   p e r p e n d i c u l a r  

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

of   more   t h a n   one  t h o u s a n d t h   of  an  i n c h   and  l e s s   t h a n   5  p e r -  
c e n t   of  t h e   s u r f a c e   d i a m e t e r   b e y o n d   t h e   p r i n c i p a l   p l a n e   d u r -  

i n g   s h a r p e n i n g   to  p r e v e n t   c o n t a c t   of  t h e   f a c e   of   t h e   k n i f e  

w i t h   t h e   a b r a s i v e   s u r f a c e .  

6.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   d i s k -  

l i k e   a b r a s i v e   s u r f a c e   i s   s e c u r e d   to   t h e   s h a f t   by  m e a n s   w h i c h  

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

s h a f t ,   and  t h e   b i a s i n g   means   b e i n g   a  s p r i n g   r e a c t i n g   a g a i n s t  

t h e   s h a f t .  

7.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n   t h e   d i s k -  

l i k e   s u r f a c e   i s   s l i d a b l y   s e c u r e d   on  t h e   s h a f t ,   a  s e c o n d  

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

t h e   b i a s i n g   m e a n s   r e a c t i n g   a g a i n s t   and  u r g i n g   t h e   d i s k - l i k e  

s u r f a c e s   away  f rom  e a c h   o t h e r .  

8.  A p p a r a t u s   f o r   s h a r p e n i n g   a  k n i f e   h a v i n g   a  p a i r   o f  

c u t t i n g   e d g e   f a c e t s   h a v i n g   a  s h a f t   h a v i n g   an  a x i s   o f  

r o t a t i o n ,   a  d i s k - l i k e   a b r a s i v e   s u r f a c e   s e c u r e d   to   t h e   s h a f t  

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

r o t a t i o n ,   and  a  g u i d e   means   f o r   t h e   k n i f e ,   c o m p r i s i n g   m e a n s  

f o r   r o t a t i n g   t h e   s h a f t   a b o u t   i t s   a x i s   of   r o t a t i o n ,   means   t o  

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

d i s k   s h a f t ,  

b i a s i n g   means   f o r   u r g i n g   t h e   g u i d e   means   t o w a r d   t h e   d i s k ,  

a n d  

a  p a i r   of  s t o p s   f o r   one  c u t t i n g   e d g e   f a c e t   p o s i t i o n e d  

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

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

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

of   t h e   d i s k   to   c o n t r o l   t h e   p o s i t i o n   o f   t h e   one  c u t t i n g  



edge   f a c e t   on  t h e   a b r a s i v e   d i s k .  

9.  A p p a r a t u s   f o r   s h a r p e n i n g   a  k n i f e   t h a t   i n c o r p o r a t e s  

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

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

a b r a s i v e   e l e m e n t s   d e f i n i n g   a  s e c o n d   p r i n c i p a l   p l a n e ,   m e a n s  

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

s e p a r a t e   o r b i t a l   p a t h   w i t h i n   or   p a r a l l e l   to   t h e   p r i n c i p a l  

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

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

e a c h   h a v i n g   a  gu ide  means   to   m a i n t a i n   a t   s e l e c t e d   p o s i t i o n  

and  a n g l e   t h e   f a c e   and  e d g e   of   t h e   k n i f e   r e l a t i v e   to   t h e  

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

r e s p e c t i v e l y .  

10.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   8,  w h i c h   i n c l u d e s   a  

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

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

in   t h e   d i r e c t i o n   of   t h e   d i s k   and  to  c o n t r o l   t h e   p o s i t i o n   o f  

t h e   k n i f e   on  t h e   a b r a s i v e   s u r f a c e .  
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