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@  Pin  tumbler  locks. 

A  pin  tumbler  lock  comprises  a  housing  member  (41), 
a  sleeve  member  (43)  axially  and  rotationally  positioned 
within  the  housing  member  (41)  and  a  plug  member  (46) 
rotatably  received  within  the  sleeve  member  (43).  Opera- 
tion  of  the  lock  requires  release  of  the  two  shear  surfaces 
defined  by  the  contact  surfaces  of  the  sleeve,  housing, 
and  plug  members.  Transversely  parallel  extending  bores 
(53.  54,  55)  formed  through  the  three  members  receive 
elements  of  a  locking  stack  assembly  (51).  The  locking  stack 
assembly  includes  tumbler  pins  (56),  driver  pins  (58),  change 
wafers  (59)  and  locking  pins  (57).  Upon  insertion  of  a  proper 
key,  the  interfaces  between  the  locking  stack  elements 
are  positioned  at  the  two  shear  surfaces  thereby  allowing 
operation  of  the  lock.  The  sleeve  member  (43)  additionally 
includes  chambers  (61)  containing  change  wafers  (59), 
and  the  relative  position  of  the  locking  pins  (57)  can  be 
selectively  changed  in  the  locking  stack  assembly  upon 
positioning  the  sleeve  member  (43)  in  combination  changing 
position. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  p i n   t u m b l e r   l o c k s ,   a n d  

more   p a r t i c u l a r l y   to   p i n   t u m b l e r   l o c k s   in  w h i c h   t h e   key  c o m b i -  

n a t i o n   can   be  c h a n g e d .  

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

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

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

e x t r e m e l y   c o m p l e x   in  c o n s t r u c t i o n   and  o p e r a t i o n .   C e r t a i n   o f  

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

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

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

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

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

f r o m   c o n v e n t i o n a l   k e y s .  

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

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

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

p l u g   member   r o t a t a b l y   r e c e i v e d   w i t h i n   t h e   i n t e r i o r   of  t h e  

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

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

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

and  means   f o r   b i a s i n g   s a i d   l o c k i n g   s t a c k   e l e m e n t s   in   c o n t a c t -  

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

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

r e c e i v e   t h e   e l e m e n t s   of  t h e   l o c k i n g   s t a c k   a s s e m b l y ,   w h e r e b y   a  

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

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

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

and  a c t u a t i n g   m e a n s   f o r   o p e r a t i v e l y   c o n n e c t i n g   s a i d ' s l e e v e  

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

s a i d   l o c k ,   s a i d   a c t u a t i n g   means   b e i n g   o p e r a t i v e   u p o n  



p o s i t i o n i n g   a  c o r r e c t   c o m b i n a t i o n   key  in   t h e   k e y w a y   and  u p o n  

r o t a t i n g   s a i d   p l u g   member   s u b s t a n t i a l l y   ou t   of  a  p o s i t i o n   i n  

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

m e m b e r s   a r e   in   r a d i a l l y   a l i g n e d   r e l a t i o n .  

P r e f e r a b l y ,   to  a l l o w   c h a n g i n g   of  t h e   l o c k   o p e r a t i n g   c o m -  

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

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

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

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

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

t i o n   c h a n g i n g   p o s i t i o n .   In  t h e   c o m b i n a t i o n   c h a n g i n g   p o s i t i o n ,  

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

w i t h   t h e   b o r e s   e x t e n d i n g   t h r o u g h   t h e   p l u g   member   and  t h e  

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

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

c h a m b e r .   Upon  r o t a t i o n a l   and  a x i a l   m o v e m e n t   of  t h e   s l e e v e  

member   to   t h e   c o m b i n a t i o n   c h a n g i n g   p o s i t i o n ,   a t   l e a s t   o n e  

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

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

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

f e r r e d   i n t o   t h e   c h a n g e   w a f e r   c h a m b e r .   As  a  r e s u l t ,   t h e   i n t e r -  

f a c e s   b e t w e e n   a t   l e a s t   some  of  t h e   e l e m e n t s   of  t h e   l o c k i n g  

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

t h e r e b y   r e s u l t i n g   in   c h a n g e   of  t h e   l o c k   c o m b i n a t i o n   when  t h e  

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

p o s i t i o n   i n t o   i t s   n o r m a l   l o c k   o p e r a t i n g   p o s i t i o n .   T o  

e f f e c t i v e l y   c h a n g e   t h e   l o c k   c o m b i n a t i o n ,   t h e   l e n g t h   r e l a t i o n -  

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

o v e r a l l   c o m b i n e d   l e n g t h   of  t h e   maximum  n u m b e r , ' o f   c h a n g e  

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

l e a s t   one  s t a n d a r d   b i t t i n g   d e p t h   i n t e r v a l   l e s s   t h a n   t h e  



l e n g t h   of  t h e   l o c k i n g   p i n .  

One  of  t h e   e l e m e n t s   of  t he   l o c k i n g   s t a c k   a s s e m b l y   m a y  

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

l o c k i n g   s t a c k   a s s e m b l y   a r e   a t t r a c t e d .   The  m a g n e t i c   a t t r a c -  

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

in  c o n t a c t i n g   r e l a t i o n   as  t he   key  i s   i n s e r t e d   i n t o   t he   k e y w a y .  

By  h o l d i n g   t h e   e l e m e n t s   t o g e t h e r ,   t h e   l o c k i n g   s t a c k   e l e m e n t s  

do  no t   b e c o m e   s e p a r a t e d   b u t   r e t u r n   to  t h e i r   p r o p e r   c o n t a c t i n g  

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

A l t h o u g h   s l i g h t l y   m o d i f i e d   c o n v e n t i o n a l   k e y s   can  b e  

u t i l i z e d   to  c h a n g e   t h e   c o m b i n a t i o n   of  t h e   l o c k ,   t h e r e   i s   p r e -  

f e r a b l y   p r o v i d e d   a  s e t   key  f o r   c h a n g i n g   t h e   l o c k   c o m b i n a t i o n .  

The  l o c k   c o m b i n a t i o n   c h a n g i n g   s e t   key  i n c l u d e s   a  p r o j e c t i o n  

member   a t t a c h e d   to  t he   key  and  o p e r a b l e   f o r   r e c i p r o c a t i v e  

m o t i o n   g e n e r a l l y   p a r a l l e l   to   t h e   b l a d e   p o r t i o n   of  t h e   k e y .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,  b y   way  of  e x a m p l e  

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

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

F i g u r e   1  i s   a  l e f t   s i d e   e l e v a t i o n a l   v i e w   of  a  c h a n g e -  

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

w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  t h e   l o c k   s h o w n  

in  F i g u r e   1 ;  

F i g u r e   3  i s   a  r e a r   p e r s p e c t i v e   v i e w   of  t h e   l o c k   s h o w n  

in  F i g u r e s   1  a n d   2  i l l u s t r a t i n g   t h e   e l e m e n t s   of  t h e   l o c k   i n  

e x p l o d e d   r e l a t i o n ;  

F i g u r e s   4  to   12  a r e   v e r t i c a l   t r a n s v e r s e   s e c t i o n a l   v i e w s  

t a k e n   s u b s t a n t i a l l y   in   t h e   p l a n e   of  l i n e   A-A  of  F i g u r e   1 .  

P l a n e   A-A  in  F i g u r e   1  f a l l s   s u b s t a n t i a l l y   in  t h e   c e n t r e   of  a  

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

i l l u s t r a t e d   in  F i g u r e   1.  More  s p e c i f i c a l l y ,   v a r i o u s   c o n -  

d i t i o n s   of  t h e   l o c k   a r e   i l l u s t r a t e d   in  F i g u r e s   4  t h r o u g h   1 2 .  



F i g u r e   4  i l l u s t r a t e s   t h e   l o c k   c o n d i t i o n   w i t h   a  key   r e m o v e d .  

F i g u r e   5  i l l u s t r a t e s   t h e   l o c k   c o n d i t i o n   w i t h   an  i m p r o p e r  

c o m b i n a t i o n   key  i n s e r t e d .   F i g u r e s   6  to   11  i l l u s t r a t e   s e -  

q u e n t i a l   c o n d i t i o n s   of  t h e   l o c k   as  t h e   key  i s   u n l o c k e d ,   t h e  

c o m b i n a t i o n   i s   c h a n g e d ,   and  t h e   l o c k   i s   l o c k e d .   F i g u r e   12  

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

c h a n g e d   and  t h e   key   r e m o v e d .   R e f e r e n c e   d o t s   h a v e   b e e n   a d d e d  

to  F i g u r e s   4  to   12  to  i l l u s t r a t e   t h e   c o n d i t i o n s   of   r e l a t i v e  

r o t a t i o n   of  t h e   h o u s i n g   s l e e v e   and  p l u g   m e m b e r s   of  t h e   l o c k .  

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

a r e   n o t   v i s i b l e   in   F i g u r e s   4  to  12  b e c a u s e   of  a x i a l   m o v e m e n t  

of  t h e   s l e e v e   member   r e l a t i v e   to  t h e   v i e w i n g   p l a n e   d u r i n g  

d i f f e r e n t   c o n d i t i o n s   of  l o c k   o p e r a t i o n ;  

F i g u r e s   13  to   18  a r e   d e v e l o p e d   p a r t i a l   s e c t i o n a l   v i e w s  

of  t h e   l o c k   t a k e n   f r o m   t h e   v i e w   l i n e   B-B  of  F i g u r e   2.  I n  

F i g u r e s   13  to  18,   t h e   h o u s i n g   member   of  t h e   l o c k   i s   b r o k e n  

away  e x c e p t   in   t h e   l o w e r   l e f t   h a n d   c o r n e r   of  e a c h   f i g u r e ,  

and  a  t a i l   p i e c e   r e t a i n e r   member   and  a  f l a n g e   p o r t i o n   of  t h e  

p l u g   member   a r e   c u t   away  to   a  r a d i a l   p o s i t i o n   a t   t h e   o u t e r  

c y l i n d r i c a l   s u r f a c e   of  t h e   s l e e v e   m e m b e r .   F i g u r e s   13  to  18  

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

m e m b e r ,   and   p l u g   member   as  t h e   l o c k   i s   u n l o c k e d ,   t h e   c o m b i n a -  

t i o n   i s   c h a n g e d   and  t h e   l o c k   i s   l o c k e d .   More  s p e c i f i c a l l y ,  

F i g u r e   13  i l l u s t r a t e s   t h e   c o n d i t i o n   of  e l e m e n t s   shown  i n  

F i g u r e s   4  and  12.  F i g u r e   14  i l l u s t r a t e s   t h e   c o n d i t i o n   o f  

e l e m e n t s   shown  in  F i g u r e   6.  F i g u r e s   15  and  16  i l l u s t r a t e  

t h e   c o n d i t i o n   of  e l e m e n t s   shown  in   F i g u r e   7.  F i g u r e   1 7  

i l l u s t r a t e s   t h e   c o n d i t i o n   of  e l e m e n t s   shown  in   F i g u r e s   8  a n d  

9.  And  F i g u r e   18  i l l u s t r a t e s   t h e   c o n d i t i o n   of  e l e m e n t s  

shown  in   F i g u r e   10.  A  s h o r t   c e n t r e   l i n e   a d d e d   to   e a c h   o f  



F i g u r e s   13  to  18  i n d i c a t e s   t h e   c e n t r e   l i n e   of  t h e   b o r e s   o r  

p i n w a y s   f o r m e d   in  t h e   h o u s i n g   member   of  t h e   l o c k ;  

F i g u r e s   19  to  21  a r e   v e r t i c a l   l o n g i t u d i n a l   s e c t i o n   v i e w s  

of  t h e   l o c k   t a k e n   s u b s t a n t i a l l y   in  t h e   p l a n e   of  l i n e   C-C  o f  

F i g u r e   2,  F i g u r e   19  b e i n g   e n l a r g e d .   More  s p e c i f i c a l l y ,  

F i g u r e s   19  and  20  i l l u s t r a t e   two  d i f f e r e n t   a r r a n g e m e n t s   o f  

e l e m e n t s   w i t h i n   l o c k i n g   s t a c k   a s s e m b l i e s   in  t he   l o c k .  

F i g u r e   21  i l l u s t r a t e s   a  key  i n s e r t e d   i n t o   t h e   l o c k   to  p o s i -  

t i o n   t he   l o c k i n g   s t a c k   e l e m e n t s   in  a  c o n d i t i o n   f o r   n o r m a l  

o p e r a t i o n   of  t h e   l o c k ;  

F i g u r e   22  i s   a  p a r t i a l l y   s e c t i o n e d   v i e w   s i m i l a r   t o  

F i g u r e   21  w i t h   t he   p l u g   and  t a i l   p i e c e   r e t a i n e r   m e m b e r s   s h o w n  

in  e l e v a t i o n .   F i g u r e   22  i l l u s t r a t e s   t h e   r e l e a s e   of  t h e  

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

l o c k ;  

F i g u r e   23  i s   a  f r o n t   v i e w   s i m i l a r   to   t h a t   of  F i g u r e   2 

i l l u s t r a t i n g   t h e   r o t a t i o n a l   p o s i t i o n   of  t h e   key  and  p l u g  

member   c o r r e s p o n d i n g   to   t h e   s i t u a t i o n   i l l u s t r a t e d   in  F i g u r e  

2 2 ;  

F i g u r e s   24  to  27  a r e   c o n s i d e r a b l y   e n l a r g e d   f r a g m e n t a r y  

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

of  F i g u r e s   4  to   12.  F i g u r e   24  i l l u s t r a t e s   t h e   p o s i t i o n   o f  

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

i n n e r   s h e a r   or   r e l e a s e   s u r f a c e .   F i g u r e   25  i l l u s t r a t e s   t h e  

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

s h e a r   or  r e l e a s e   s u r f a c e .   F i g u r e   26  i l l u s t r a t e s   a l i g n m e n t  

of  a  c h a n g e   w a f e r   c h a m b e r   in  t h e   s l e e v e   member   w i t h   t he   b o r e  

in  t h e   p l u g   m e m b e r .   F i g u r e   27  i l l u s t r a t e s   a l i g n m e n t   of  t h e  

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

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

m e m b e r .   C e r t a i n   c h a m b e r s   f o r m e d   w i t h i n   t h e   s l e e v e   member   a r e  



n o t   v i s i b l e   in   F i g u r e s   25  to  27  b e c a u s e   of  a x i a l   m o v e m e n t   o f  

t h e   s l e e v e   member   r e l a t i v e   to  t h e   v i e w i n g   p l a n e   d u r i n g  

d i f f e r e n t   c o n d i t i o n s   of  l o c k   o p e r a t i o n ;  

F i g u r e s   28  to  30  a r e   r e a r   p e r s p e c t i v e   v i e w   of  t h e   l o c k  

w i t h   t h e   key  i n s e r t e d   and  w i t h   t h e   t a i l   p i e c e   and  t a i l   p i e c e  

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

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

p o i n t s   of  l o c k   o p e r a t i o n .   F i g u r e   28  i l l u s t r a t e s   a  c o n d i t i o n  

a l s o   shown  in  F i g u r e s   5,  11,  21  and  24.  F i g u r e   29  

i l l u s t r a t e s   a  c o n d i t i o n   a l s o   shown  in  F i g u r e s   7,  15  and  2 6 .  

F i g u r e   30  i l l u s t r a t e s   t h e   c o m b i n a t i o n   c h a n g i n g   c o n d i t i o n   a l s o  

shown  in  F i g u r e s   8,  9,  17  and  2 7 ;  

F i g u r e   31  i s   a  p e r s p e c t i v e   v i e w   of  a  s e t   key  w h i c h   i s  

a d v a n t a g e o u s   f o r   u se   w i t h   a  l o c k   d i s c l o s e d   h e r e i n ;   a n d  

F i g u r e   32  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  F i g u r e   31  w i t h  

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

t h e   e l e v a t i o n a l   v e r t i c a l   s u r f a c e   of  t h e   key  as  s h o w n .  

By  way  of  g e n e r a l   i n t r o d u c t i o n ,   t h e   e l e m e n t s   of  an  i n -  

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

l o c k   40  in   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   a r e   b e s t  

s e e n   in   F i g u r e   3,  and  t h e   a s s e m b l e d   r e l a t i o n s h i p   of  t h e s e  

e l e m e n t s   in   t h e   l o c k   i s   shown  b e s t   in   F i g u r e s   1,  2,  19  and  2 1 .  

The  l o c k   40  i n c l u d e s   a  h o u s i n g   member   41  h a v i n g   a  h o l l o w  

i n t e r i o r   o p e n i n g   42  f o r   r e c e i v i n g   a  s l e e v e   member   43.  T h e  

s l e e v e   member   43  i s   g e n e r a l l y   of  h o l l o w   t u b u l a r   c o n s t r u c t i o n  

and  i n c l u d e s   a  h o l l o w   i n t e r i o r   44  f o r   r e c e i v i n g   a  b a r r e l  

p o r t i o n   45  of  a  p l u g   member   46.  As  w i l l   be  d e s c r i b e d   m o r e  

c o m p l e t e l y ,   t h e   p l u g   member   46  i s   m o u n t e d   in  t h e   l o c k   40  f o r  

r o t a t i o n a l   m o v e m e n t   r e l a t i v e   to  t h e   h o u s i n g   41,   and  t h e  

s l e e v e   member   43  i s   m o u n t e d   f o r   b o t h   r o t a t i o n a l ' a n d   a x i a l  

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

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



a t   t h e   i n t e r i o r   o p e n i n g   42  d e f i n e   an  o u t e r   s h e a r   s u r f a c e   o f  

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

p o r t i o n   45  of  t h e   p l u g   member   and  t h e   s l e e v e   member   43  a t   t h e  

i n t e r i o r   o p e n i n g   44  d e f i n e   an  i n n e r   s h e a r   s u r f a c e   of  t h e  

l o c k .   A  k e y w a y   47  i s   f o r m e d   a x i a l l y   t h r o u g h   t he   p l u g   m e m b e r  

46  and  r e c e i v e s   t h e   b l a d e   p o r t i o n   48  of  a  c o n v e n t i o n a l   k e y  

49  h a v i n g   t h e   c o n v e n t i o n a l   b i t t i n g   d e p t h s   50  c u t   in  t h e   b l a d e  

p o r t i o n   48,   as  i s   shown  in  F i g u r e   2 1 .  

E l e m e n t s   of  a  l o c k i n g   s t a c k   a s s e m b l y   51  a r e   r e c e i v e d  

w i t h i n   b o r e s   r a d i a l l y   e x t e n d i n g   f rom  t h e   k e y w a y   47  i n t o   a n  

e n c a s e m e n t   p o r t i o n   52  of  t h e   h o u s i n g   member   41.  The  b o r e s  

i n t o   w h i c h   t h e   e l e m e n t s   of  t h e   l o c k i n g   s t a c k   a s s e m b l i e s   51  

a r e   r e c e i v e d   a r e   d e f i n e d   by  t u m b l e r   p i n w a y s   53  e x t e n d i n g  

r a d i a l l y   t h r o u g h   t h e   b a r r e l   p o r t i o n   45  of  t he   p l u g   m e m b e r ,  

by  l o c k i n g   p i n   c h a m b e r s   54  e x t e n d i n g   r a d i a l l y   t h r o u g h   t h e  

s l e e v e   m e m b e r ,   and  by  d r i v e r   p i n w a y s   55  e x t e n d i n g   r a d i a l l y  

t h r o u g h   t h e   e n c a s e m e n t   p o r t i o n   52  of  t h e   h o u s i n g   m e m b e r .  

The  t u m b l e r   p i n w a y s   53,  l o c k i n g   p i n   c h a m b e r s   54  and  d r i v e r  

p i n w a y s   55  a r e   p o s i t i o n e d   in  t h e   m e m b e r s   41,   43  and  46  i n  

r a d i a l l y   a l i g n e d   r e l a t i o n s h i p   when  t h e   l o c k   i s   in  t h e   l o c k i n g  

p o s i t i o n .   The  e l e m e n t s   of  e a c h   l o c k i n g   s t a c k   a s s e m b l y  

i n c l u d e   a  t u m b l e r   p i n   56,  a  l o c k i n g   p i n   57,  a  d r i v e r   p i n   5 8 ,  

a  c h a n g e   w a f e r   59  and  a  s p r i n g   60  or  o t h e r   means   f o r   b i a s -  

i ng   t h e   e l e m e n t s   of  t h e   l o c k i n g   s t a c k   a s s e m b l y   in  r a d i a l l y  

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

Upon  i n s e r t i o n   of  a  p r o p e r   c o m b i n a t i o n   key  49  i n t o  

t h e   k e y w a y ,   as  i s   shown  in  F i g u r e   21 ,   t h e   b i t t i n g   d e p t h s   5 0  

of  t h e   b l a d e   p o r t i o n   48  c o n t a c t   t h e   t u m b l e r   p i n s   56 '  o f   e a c h  

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

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

s p r i n g s   60.  The  e l e m e n t s   of  e a c h   l o c k i n g   s t a c k   a s s e m b l y  

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



t h e   b i t t i n g s   50  c u t   in   t h e   k e y .   A  p r o p e r   c o m b i n a t i o n   k e y  

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

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

s h e a r   s u r f a c e s   as  t h e   key  i s   r o t a t e d .   P o s i t i o n e d   in  t h i s  

m a n n e r ,   t h e   e l e m e n t s   of  t h e   l o c k i n g   s t a c k   a s s e m b l y   a l l o w  

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

h o u s i n g   m e m b e r s   by  o p e r a t i v e l y   r e l e a s i n g   or  n o t   b l o c k i n g  

t h e   i n n e r   s h e a r   s u r f a c e .   S i m i l a r l y ,   t h e   o u t e r   s h e a r   s u r -  

f a c e   i s   r e l e a s e d   or  n o t   b l o c k e d   by  t h e   e l e m e n t s   of  t h e  

l o c k i n g   s t a c k   a s s e m b l y .   A f t e r   r e l e a s e   of  t h e   i n n e r   s h e a r  

s u r f a c e   by  s l i g h t   r o t a t i o n   of  t h e   p l u g   m e m b e r ,   means   i n t e r -  

c o n n e c t i n g   t h e   p l u g ,   h o u s i n g   and  s l e e v e   m e m b e r s   move  t h e  

s l e e v e   member   a x i a l l y   w i t h   r e s p e c t   to   t h e   h o u s i n g   m e m b e r ,  

and  t h i s   a x i a l   m o v e m e n t   r e l e a s e s   t h e   o u t e r   s h e a r   s u r f a c e   a s  

i s   g e n e r a l l y   i l l u s t r a t e d   in  F i g u r e   22,   to   o b t a i n   n o r m a l  

l o c k   o p e r a t i o n .  

The  s l e e v e   member   43  a l s o   i n c l u d e s   a  p l u r a l i t y   of  c h a n g e  

w a f e r   c h a m b e r s   61  e x t e n d i n g   r a d i a l l y   t h e r e t h r o u g h .   E a c h  

c h a n g e   w a f e r   c h a m b e r   61  i s   d i s p l a c e d   c i r c u m f e r e n t i a l l y   a n d  

a x i a l l y   w i t h   r e s p e c t   to  a  c o r r e s p o n d i n g   l o c k i n g   p i n   c h a m b e r  

54.  Each   of  t h e   c h a n g e   w a f e r   c h a m b e r s   c o n t a i n s   a n d  

c a r r i e s   a t   l e a s t   o n e ,   b u t   p r e f e r a b l y   two  or  m o r e ,   c h a n g e  

w a f e r   e l e m e n t s   59.  In  g e n e r a l ,   t h e   l o c k   40  i n c l u d e s   m e a n s  

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

c h a n g i n g   p o s i t i o n   w h i c h   i s   a x i a l l y   and  r o t a t i o n a l l y   d i s -  

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

c o m b i n a t i o n   c h a n g i n g   p o s i t i o n ,   t h e   c h a n g e   w a f e r   c h a m b e r s   61  

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

55.  As  w i l l   be  d e s c r i b e d   more   c o m p l e t e l y ,   a t ' l e a s t   one  o f  

t h e   c h a n g e   w a f e r s   59  p r e v i o u s l y   c o n t a i n e d   w i t h i n   one  c h a n g e  

w a f e r   c h a m b e r   61  i s   t r a n s f e r r e d   i n t o   t h e   l o c k i n g   s t a c k  



a s s e m b l y   51  and  a t   l e a s t   one  c h a n g e   w a f e r   p r e v i o u s l y   w i t h i n  

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

w a f e r   c h a m b e r   61.  The  c h a n g e   w a f e r   i s   t r a n s f e r r e d   i n t o   t h e  

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

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

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

i ng   s t a c k   a s s e m b l y .   As  a  r e s u l t ,   t h e   r e l a t i v e   p o s i t i o n   o f  

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

and  t h e   key  c o m b i n a t i o n   of  t h e   l o c k   ha.s  b e e n   c h a n g e d .  

A  more   c o m p l e t e   d e s c r i p t i o n   of  t h e   d e t a i l s   of  t h e  

l o c k   e l e m e n t s ,   t h e   a s s e m b l y   of  t h e s e   e l e m e n t s   and  o p e r a t i o n  

of  t h e   l o c k   40,   as  w e l l   as  a  s e t   key  f o r   u s e   w i t h   t h e   l o c k  

a r e   n e x t   d e s c r i b e d .  

Lock   S t r u c t u r e  

The  m a j o r i t y   of  d e t a i l s   of   t h e   l o c k   e l e m e n t s   a r e   p e r -  

c e p t a b l e   by  r e f e r e n c e   to  F i g u r e s   3  and  19.  In  d e s c r i b i n g  

t h e   d e t a i l s   of  t h e   l o c k   40,   t h e   t e r m   " a x i a l "   or  a  f o r m a t i v e  

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

member   and  s l e e v e   member   r o t a t e .   The  t e r m   " r a d i a l "   r e f e r s   t o  

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

The  t e r m   " l o n g i t u d i n a l "   r e f e r s   to   a  d i r e c t i o n   g e n e r a l l y  

p a r a l l e l   to   t h e   a x i a l   r e f e r e n c e .   The  t e r m   " t r a n s v e r s e "  

r e f e r s   to  a  r e f e r e n c e   c r o s s w i s e   to   a  l o n g i t u d i n a l   r e f e r e n c e .  

The  t e r m s   " f r o n t "   or  " f o r w a r d "   or  o t h e r   s i m i l a r   t e r m s   r e f e r  

to  a  p o r t i o n   of  t h e   l o c k   t o w a r d s   t h e   end  in  w h i c h   t h e   key   i s  

i n s e r t e d ,   as  i s   shown  in  F i g u r e   2.  The  t e r m   " r e a r "   o r  

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

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

t e r m s   "up"   and  "down"   or  o t h e r   s i m i l a r   t e r m s   a r e   r e l a t i v e  

t e r m s   and  a r e   u s e d   in  r e l a t i o n   to   t h e   l o c k   as  shown  in  t h e  

d r a w i n g .  



The  h o u s i n g   member   41  i n c l u d e s   a  ma in   c y l i n d r i c a l  

p o r t i o n   71  f r o m   w h i c h   t h e   e n c a s e m e n t   p o r t i o n   52  e x t e n d s .  

The  e n c a s e m e n t   p o r t i o n   52  i s   g e n e r a l l y   of  s o l i d   r e c t a n g u l a r  

b o x - l i k e   c o n f i g u r a t i o n   and  e x t e n d s   r a d i a l l y   o u t w a r d   and  u p  

f r o m   t h e   c y l i n d r i c a l   p o r t i o n   71.  The  d r i v e r   p i n w a y s   55  

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

p o r t i o n   and  i n t o   t h e   i n t e r i o r   o p e n i n g   42.  The  d r i v e r   p i n w a y s  

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

The  r a d i a l l y   o u t w a r d   t e r m i n a l   e n d s   of  t h e   d r i v e r   p i n w a y s   a r e  

t e r m i n a t e d   by  a  cap  member   72  a t t a c h e d   to  t h e   e n c a s e m e n t  

p o r t i o n   52.  The  e l e m e n t s   of  t h e   l o c k i n g   s t a c k   a s s e m b l i e s  

51  a r e   i n s e r t e d   i n t o   t h e   l o c k   t h r o u g h   t h e   open   o u t e r   e n d s  

of  t h e   d r i v e r   p i n w a y s   b e f o r e   t h e   cap  72  i s   a t t a c h e d .   T h e  

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

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

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

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

r e c e i v e d   t h e r e i n .  

The  i n t e r i o r   o p e n i n g   42  of  t h e   h o u s i n g   member   i s  

g e n e r a l l y   d e f i n e d   by  an  i n n e r   c y l i n d r i c a l   s u r f a c e   73  w h i c h  

e x t e n d s   a x i a l l y   t h r o u g h   t h e   c y l i n d r i c a l   p o r t i o n   71  of  t h e  

h o u s i n g   m e m b e r .   The  i n n e r   c y l i n d r i c a l   s u r f a c e   73  d e f i n e s  

in   p a r t   t h e   o u t e r   s h e a r   s u r f a c e   of  t h e   l o c k .   A  f o r w a r d   e d g e  

74  of  t h e   c y l i n d r i c a l   p o r t i o n   71  e x t e n d s   o u t w a r d   f r o m   t h e  

i n n e r   c y l i n d r i c a l   s u r f a c e   73  and   l i e s   in   a  p l a n 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   w i t h   r e s p e c t   to   t h e   a x i a l   r e f e r e n c e .   A  r e a r  

e d g e   g e n e r a l l y   r e f e r e n c e d   75  of  t h e   c y l i n d r i c a l   p o r t i o n   7 1  

i n c l u d e s   a  p l a n a r   p o r t i o n   76,  a  p o r t i o n   d e f i n i n g   a  l o c k i n g  

r e c e s s   77  and  a n o t h e r   p o r t i o n   d e f i n i n g   a  c h a n g e   r e c e s s   7 8 ,  

as  i s   a l s o   shown  in  F i g u r e s   28  to  30.  The  p l a n a r   p o r t i o n  

76  e x t e n d s   o u t w a r d   f r o m   t h e   i n n e r   s u r f a c e   7 3  a n d   l i e s   in  a  



p l a n 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 h e   a x i a l   r e f e r e n c e .  

The  l o c k i n g   r e c e s s   p o r t i o n   77  e x t e n d s   l o n g i t u d i n a l l y   f o r w a r d  

f rom  t he   p l a n a r   p o r t i o n   76  by  a  p r e d e t e r m i n e d   a m o u n t .   T h e  

l o c k i n g   r e c e s s   77  i s   g e n e r a l l y   of  a  r e c t a n g u l a r   n o t c h   f o r m  

( F i g u r e s   1 7  -   18)  and  e x t e n d s   r a d i a l l y   t h r o u g h   t h e   c y l i n d r i c a l  

p o r t i o n   71  of  t h e   h o u s i n g   member .   The  c h a n g e   r e c e s s   7 8  

( F i g u r e s   1 3  -   18)  e x t e n d s   l o n g i t u d i n a l l y   f o r w a r d   of  t h e   p l a n a r  

p o r t i o n   76  by  a  d i s t a n c e   l e s s   t h a n   t h e   f o r w a r d m o s t   l o n g i t u -  

d i n a l   e x t e n s i o n   of  t h e   l o c k i n g   r e c e s s   77.  The  c h a n g e   r e c e s s  

78  i s   c i r c u m f e r e n t i a l l y   d i s p l a c e d   in  n e x t   a d j o i n i n g   r e l a t i o n -  

s h i p   to  t he   l o c k i n g   r e c e s s   77.  The  c h a n g e   r e c e s s   i s   a l s o  

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

r a d i a l l y   t h r o u g h   t he   c y l i n d r i c a l   p o r t i o n   7 1 .  

The  s l e e v e   member   43  i n c l u d e s   an  o u t e r   s u r f a c e   80  o f  

e s s e n t i a l l y   c y l i n d r i c a l   and  a x i a l l y   e x t e n d i n g   s h a p e .   T h e  

d i a m e t e r   of  t h e   o u t e r   s u r f a c e   80  i s   s l i g h t l y   l e s s   t h a n   t h e  

d i a m e t e r   of  t h e   i n n e r   s u r f a c e   73  of  t h e   h o u s i n g   m e m b e r ,  

t h e r e b y   a l l o w i n g   t he   s l e e v e   member   to  be  r e c e i v e d   in  a  c o n -  

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

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

i s   such   t h a t   b o t h   a x i a l   and  r o t a t i o n a l   m o v e m e n t   of  t h e  

s l e e v e   member   r e l a t i v e   to  t h e   h o u s i n g   member   can   be  s m o o t h l y  

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

f a c e   b e t w e e n   t h e   o u t e r   s u r f a c e   80  of  t h e   s l e e v e   member   a n d  



t h e   i n n e r   s u r f a c e   73  of  t h e   h o u s i n g   member   d e f i n e s   t h e  

o u t e r   s h e a r   s u r f a c e   of  t h e   l o c k   4 0 .  

The  i n n e r   o p e n i n g   44  of  t h e   s l e e v e   member   i s   d e f i n e d   b y  

an  i n n e r   c y l i n d r i c a l   s u r f a c e   81  e x t e n d i n g   r a d i a l l y   t h r o u g h  

t h e   s l e e v e   and  in  c o a x i a l   r e l a t i o n s h i p   w i t h   t h e   o u t e r  

s u r f a c e   80.  The  r a d i a l   d i s t a n c e   b e t w e e n   t h e   s u r f a c e s   80  a n d  

81  d e f i n e s   t h e   t h i c k n e s s   of  t h e   s l e e v e   m e m b e r .   The  r a d i a l  

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

e x c e s s   of  t h e   l e n g t h   of  a  l o c k i n g   p i n   57  ( s e e   F i g u r e s   26  a n d  

2 7 ) .   The  a c t u a l   t h i c k n e s s   of  t h e   s l e e v e   i s   d e t e r m i n e d   by  t h e  

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

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

The  l o c k i n g   p i n   c h a m b e r s   54  and  c h a n g e   w a f e r   c h a m b e r s  

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

i n t e r s e c t   t h e   i n n e r   and  o u t e r   s u r f a c e s   81  and  80.  The  l o c k -  

i n g   p i n   c h a m b e r s   54  e x t e n d   r a d i a l l y   p a r a l l e l   to   one  a n o t h e r  

and  l o n g i t u d i n a l l y   in   a x i a l   a l i g n m e n t .   The  l o c k i n g   p i n  

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

i n t e r v a l s   a t   w h i c h   t h e   d r i v e r   p i n w a y s   55  a r e   p o s i t i o n e d .  

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

one  a n o t h e r   and  l o n g i t u d i n a l l y   in   a x i a l   a l i g n m e n t   a t   i n t e r -  

v a l s   e q u a l   to  t h e   a x i a l   i n t e r v a l s   of  t h e   d r i v e r   p i n w a y s .  

Each  c h a n g e   w a f e r   c h a m b e r   61  i s   c i r c u m f e r e n t i a l l y   and  a x i a l l y  

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



( F i g u r e s   1 3  -   8 ) .   F l a t t e n e d   s u r f a c e s   82  and  83  ( F i g u r e s  

24  and  27)  e x t e n d   l o n g i t u d i n a l l y   t h r o u g h   the   i n t e r s e c t i o n s  

of  t he   c h a m b e r s   54  and  61  w i t h   t h e   o u t e r   s u r f a c e   80  of  t h e  

s l e e v e   member .   The  f l a t t e n e d   s u r f a c e s   82  and  83  a r e   o f  

e s s e n t i a l l y   t h e   same  t r a n s v e r s e   w i d t h   as  t he   d i a m e t e r   of  t h e  

c h a n g e   w a f e r   and  l o c k i n g   p i n   c h a m b e r s .  

A  f r o n t   edge   g e n e r a l l y   r e f e r e n c e d   84  of  t h e   s l e e v e  

member   i s   d e f i n e d   by  a  p l a n a r   p o r t i o n   85  and  a  s l e e v e  

a c t u a t i n g   n o t c h   p o r t i o n   86,   a l s o   shown  in  F i g u r e s   1 3  -   1 8 .  

The  p l a n a r   p o r t i o n   85  e x t e n d s   b e t w e e n   s u r f a c e s   80  and  81  a n d  

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

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

86  i n c l u d e s   a  f l a t   r e a r w a r d m o s t   p o r t i o n   87  and  two  o p p o s i t e l y  

s p a c e d   t r a n s v e r s e   camming   s u r f a c e   p o r t i o n s   88  and  8 9 ,  

r e f e r e n c e d   o n l y   in  F i g u r e   15.  The  camming   s u r f a c e   p o r t i o n s  

88  and  89  e x t e n d   c o n v e r g e n t l y   f r o m   t h e   p l a n a r   p o r t i o n   8 5  

t o w a r d   t he   r e a r w a r d   p o r t i o n   87.  The  s l e e v e   a c t u a t i n g   n o t c h  

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

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

c h a m b e r s   5 4 .  

A  r e a r   edge   g e n e r a l l y   r e f e r e n c e d   90  of  t he   s l e e v e   m e m b e r  

i s   d e f i n e d   by  a  p l a n a r   p o r t i o n   91  and  a  s l e e v e   r e s t o r i n g  

p r o j e c t i o n   92,   a l s o   shown  in  F i g u r e s   1 3  -   18.  The  p l a n a r  

p o r t i o n   91  e x t e n d s   b e t w e e n   s u r f a c e s   80  and  81  in  a  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 a l   r e f e r e n c e .   The  s l e e v e   r e s t o r -  

i ng   p r o j e c t i o n   92  e x t e n d s   r e a r w a r d   of  t h e   p l a n a r   p o r t i o n   9 1  

and  i n c l u d e s   a  r e a r w a r d m o s t   f l a t   s u r f a c e   92  and  two  t r a n s -  

v e r s e l y   o p p o s i t e   s p a c e d   camming   s u r f a c e s   94  and  95  r e f e r e n c e d  

o n l y   in  F i g u r e   15.  The  camming   s u r f a c e s   94  and  95  a n g l e  



c o n v e r g e n t l y   f r o m   t h e   p l a n a r   s u r f a c e   91  to  t h e   p r o j e c t i o n  

s u r f a c e   93.  The  s l e e v e   r e s t o r i n g   p r o j e c t i o n   92  i s   e s s e n t i a l l y  

c i r c u m f e r e n t i a l l y   c e n t e r e d   w i t h   r e s p e c t   to   an  a x i a l   r e f e r e n c e  

t h r o u g h   t h e   l o c k i n g   p i n   c h a m b e r s   5 4 .  

The  s l e e v e   member   43  a l s o   i n c l u d e s   an  o f f s e t   t a b   p o r t i o n  

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

r e s t o r i n g   p r o j e c t i o n   92,   as  shown  b e s t   in   F i g u r e   3.  The  t a b  

p o r t i o n   96  h a s   a  t h i c k n e s s   w h i c h   e x t e n d s   r a d i a l l y   o u t w a r d  

f r o m   t h e   o u t e r   s u r f a c e   80  ( F i g u r e   1 9 ) .   The  r a d i a l   i n n e r  

s u r f a c e   of   t h e   t ab   p o r t i o n   96  i s   a p p r o x i m a t e l y   c o i n c i d e n t a l  

w i t h   t h e   o u t e r   s u r f a c e   80  of  t h e   s l e e v e   m e m b e r .   The  t a b  

p o r t i o n   96  a l s o   e x t e n d s   r e a r w a r d   of  t h e   p l a n a r   p o r t i o n   9 1  

of   t h e   r e a r   edge   of   t h e   s l e e v e   ( F i g u r e s   1 3  -   1 8 ) .   The  t a b  

96  i n c l u d e s   a  r e a r w a r d m o s t   f l a t   s u r f a c e   97  and  two  t r a n s -  

v e r s e l y   o p p o s i t e   camming   s u r f a c e s   98  and  99  a n g l i n g  

d i v e r g e n t l y   o u t w a r d   f r o m   t h e   f l a t   s u r f a c e   97  t o w a r d   t h e   e d g e  

p o r t i o n   91,   r e f e r e n c e d   o n l y   in   F i g u r e   1 4 .  

The  p l u g   member   46  i s   f o r m e d   by  t h e   b a r r e l   p o r t i o n   4 5  

and  a  f l a n g e   p o r t i o n   100  p o s i t i o n e d   f o r w a r d   of  t h e   b a r r e l  

p o r t i o n   45.  The  e x t e r i o r   s u r f a c e   101  of   t h e   b a r r e l   p o r t i o n  

45  i s   e s s e n t i a l l y   of  a x i a l l y   e x t e n d i n g   c y l i n d r i c a l   s h a p e .  

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

t h e   d i a m e t e r   of  t h e   i n n e r   s u r f a c e   81  of  t h e   s l e e v e   m e m b e r ,  

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

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

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

The  i n t e r f a c e   b e t w e e n   t h e   o u t e r   s u r f a c e   101  of  t h e   b a r r e l  

p o r t i o n   and  the   i n n e r   s u r f a c e   81  of  t h e   s l e e v e   m e m b e r  

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



The  f l a n g e   p o r t i o n   100  e x t e n d s   r a d i a l l y   o u t w a r d   f r o m  

the   b a r r e l   p o r t i o n   45  a t   t h e   f r o n t   end  of  t h e   p l u g   m e m b e r .  

The  f l a n g e   p o r t i o n   d e f i n e s   a  p l a n a r   s h o u l d e r   s u r f a c e   1 0 2  

f a c i n g   r e a r w a r d l y   of  t h e   f l a n g e   and  e x t e n d i n g   in  a  p l a n 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   w i t h   r e s p e c t   to  an  a x i a l   r e f e r e n c e .  

The  s h o u l d e r   s u r f a c e   102  i s   a d a p t e d   to  c o n t a c t   t h e   f o r w a r d  

edge   74  of  t h e   h o u s i n g   member   41  ( F i g u r e   19)  and  to  m a i n t a i n  

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

to  the   h o u s i n g   member   as  t he   p l u g   member   i s   r o t a t e d   r e l a . t i v e  

to  t he   h o u s i n g   member .   The  k e y w a y   47  e x t e n d s   a x i a l l y  

t h r o u g h   t he   p l u g   member   f rom  a  f o r w a r d   f a c e   103  of  t h e   f l a n g e  

100  to  a  r e a r   end  104  of  t h e   b a r r e l   p o r t i o n   45.  The  r e a r  

end  104  i s   d e f i n e d   by  a  f l a t   s u r f a c e   w h i c h   e x t e n d s   in  a  p l a n e  

p e r p e n d i c u l a r   w i t h   r e s p e c t   to  an  a x i a l   r e f e r e n c e .   As  s h o w n  

in  F i g u r e s   2,  3,  13  and  19  to  21,   a  c h a n g e   o p e n i n g   109  i s  

f o r m e d   r a d i a l l y   o u t w a r d   t h r o u g h   t h e   f l a n g e   100  f r o m   t h e  

b o t t o m   of  t h e   k e y w a y   47.  The  c h a n g e   o p e n i n g   109  i s   i m p o r t a n t  

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

The  t u m b l e r   p i n w a y s   53  e x t e n d   r a d i a l l y   in  p a r a l l e l  

r e l a t i o n   w i t h   t he   k e y w a y   47  ( F i g u r e   4)  t h r o u g h   t h e   b a r r e l  

p o r t i o n   and  i n t e r s e c t   t h e   u p p e r   o u t e r   s u r f a c e   101.   T h e  

t u m b l e r   p i n w a y s   53  a r e   p o s i t i o n e d   in  a x i a l   a l i g n m e n t   a l o n g  

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

t he   p l u g   member   e q u a l   to  t h e   i n t e r v a l s   b e t w e e n   c o r r e s p o n d i n g  

d r i v e r   p i n w a y s   55  and  l o c k i n g   p in   c h a m b e r s   54.  The  d r i v e r  

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

ment   when  t he   s h o u l d e r   p o r t i o n   102  c o n t a c t s   t h e   f o r w a r d   e d g e  

74  of  t he   h o u s i n g   m e m b e r .   T h e r e f o r e ,   e a c h   of  t h e   d r i v e r  

p i n w a y s   55  i s   p o s i t i o n e d   e s s e n t i a l l y   a t   an  e q u a l   a x i a l   d i s -  

t a n c e   f r o m   t h e   f o r w a r d   edge   74  of  t h e   h o u s i n g   member   as  a  

c o r r e s p o n d i n g   t u m b l e r   p i n w a y  5 3   i s   a x i a l l y   p o s i t i o n e d   f r o m  



t h e   s h o u l d e r   s u r f a c e   102  of  t h e   f l a n g e   100.   The  o u t e r  

s u r f a c e   101  of  t h e   p l u g   member   i n c l u d e s   a  l o n g i t u d i n a l l y  

e x t e n d i n g   f l a t   p o r t i o n   105  ( F i g u r e s   28  to  3 0 ) .   The  f l a t  

p o r t i o n   105  has   t r a n s v e r s e   w i d t h   e q u a l   to  t h e   d i a m e t e r   o f  

t h e   c y l i n d r i c a l   t u m b l e r   p i n w a y s   53  and  e x t e n d s   in  i n t e r s e c t -  

i n g   r e l a t i o n   w i t h   t h e   a l i g n e d   p i n w a y s   53.  The  l o n g i t u d i n a l  

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

53  i s   in   p a r a l l e l   a l i g n m e n t   w i t h   a  b i t t i n g   d e p t h   50  f o r m e d  

on  t h e   u p p e r   b l a d e   p o r t i o n   48  of  a  f u l l y   i n s e r t e d   k e y .  

A  s l e e v e   a c t u a t i n g   p i n   member   106  e x t e n d s   r a d i a l l y  

o u t w a r d   f r o m   t h e   f l a t t e n e d   s u r f a c e   105  a t   a  p o s i t i o n  

l o n g i t u d i n a l l y   a d j a c e n t   to  t h e   s h o u l d e r   s u r f a c e   102.   T h e  

p i n   member   106  i s   c e n t e r e d   w i t h   t h e   a x i a l l y   a l i g n e d   c e n t e r s  

of  t h e   t u m b l e r   p i n w a y s   53.  The  p i n   member   106  i s   p r e f e r a b l y  

made  of  h a r d e n e d   s t e e l   to   d e f l e c t   d r i l l i n g   t h r o u g h   t h e   f l a n g e  

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

t h e   l o c k   in  an  a t t e m p t   to  f o r c e   open  t h e   l o c k .   A  s l o t   1 0 7  

e x t e n d s   t r a n s v e r s e l y   of  t h e   b a r r e l   p o r t i o n   45  a t   t h e   r e a r  

end  104  of  t h e   p l u g   m e m b e r .   The  s l o t   1 0 7  i s   a d a p t e d   t o  

r e c e i v e   a  f o r w a r d   end  p o r t i o n   of  a  t a i l   p i e c e   member   1 0 8 .  

A  t a i l   p i e c e   r e t a i n e r   110  i s   a t t a c h e d   to  t h e   r e a r   e n d  

104  of  t h e   p l u g   member   46.  The  t a i l   p i e c e   r e t a i n e r   110  h o l d s  

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

member   in  a s s e m b l e d   r e l a t i o n s h i p .   The  t a i l   p i e c e   m e m b e r  

o p e r a t e s   a  c o n v e n t i o n a l   b o l t   or  l a t c h ,   n o t   shown.   A  s l o t  

111  in   t h e   t a i l   p i e c e   r e t a i n e r   110  r e c e i v e s   t h e   t a i l   p i e c e  

member   108  and  h o l d s   t h e   t a i l   p i e c e   member   in  t h e  s l o t   1 0 7 .  

The  t a i l   p i e c e   r e t a i n e r   110  i s   a t t a c h e d   to  t h e   end  104  o f  

t h e   p l u g   by  s c r e w s   112  t h r e a d e d   i n t o   t h r e a d e d  b o r e s   113 .   A 

l o w e r   p o r t i o n   114  of  t h e   s l o t   111  i s   i n - a l i g n m e n t   w i t h   t h e  



k e y w a y   4 7 .  

The  t a i l   p i e c e   r e t a i n e r   110  i n c l u d e s   a  f o r w a r d   f a c i n g  

s h o u l d e r   s u r f a c e   115  e x t e n d i n g   e s s e n t i a l l y   r a d i a l l y   o u t w a r d  

f rom  t he   b a r r e l   p o r t i o n   of   t he   p l u g   member   in  a  p l a n e   p e r -  

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

s h o u l d e r   s u r f a c e   115  c o n t a c t s   t he   r e a r   edge   p o r t i o n   76  o f  

t h e   h o u s i n g   member   41  to   h o l d   t he   p l u g ,   s l e e v e   and  h o u s i n g  

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

110  r o t a t e s   w i t h   t h e   p l u g   member   and  the   s u r f a c e   115  p r e v e n t s  

a x i a l   m o v e m e n t   of  t he   p l u g   member   w i t h   r e s p e c t   to  t h e   h o u s i n g  

member   w h i l e   a l l o w i n g   r o t a t i o n a l   m o v e m e n t .   The  a x i a l   d i s -  

t a n c e   b e t w e e n   t h e   s h o u l d e r   s u r f a c e   102  of  t h e   f l a n g e   and  t h e  

s h o u l d e r   s u r f a c e   115  of  t h e   t a i l   p i e c e   r e t a i n e r   i s   s l i g h t l y  

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

e d g e s   74  and  75  of  t h e   h o u s i n g   m e m b e r ,   t h e r e b y   a l l o w i n g  

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

m o v e m e n t   of  t h e   p l u g   member   r e l a t i v e   to  t h e   h o u s i n g   m e m b e r .  

A  s l e e v e   r e s t o r i n g   t ab   116  p r o j e c t s   l o n g i t u d i n a l l y  

f o r w a r d   f r o m   t h e   s h o u l d e r   s u r f a c e   115  of  t h e   t a i l   p i e c e  

r e t a i n e r   110 ,   as  i s   a l s o   shown  in  F i g u r e s   1 3  -   19.  The  t a i l  

p i e c e   r e t a i n e r   110  i s   a t t a c h e d   to  t h e   p l u g   member   such   t h a t  

t h e   s l e e v e   r e s t o r i n g   t ab   116  i s   in  a x i a l   a l i g n m e n t   w i t h   a  

c e n t e r   l i n e   t h r o u g h   t h e   t u m b l e r   p i n w a y s   53  and  s l e e v e  

a c t u a t i n g   p i n   106 .   The  s l e e v e   r e s t o r i n g   t ab   116  i s  

p o s i t i o n e d   a t   a  r a d i a l   d i s t a n c e   e q u a l   to  t he   r a d i a l   d i s t a n c e  

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

t h e   p l u g   m e m b e r .   The  t h i c k n e s s   of  t h e   s l e e v e   r e s t o r i n g  

t ab   i s   no  g r e a t e r   t h a n   t h e   t h i c k n e s s   of  t h e   s l e e v e   m e m b e r .  

The  s l e e v e   r e s t o r i n g   t ab   116  i n c l u d e s   a  f o r w a r d   f l a t '  s u r f a c e  

117  and  two  o p p o s i t e l y   s p a c e d   camming   s u r f a c e s   1 1 8  a n d   1 1 9  

c o n v e r g i n g   f r o m   t he   s h o u l d e r   s u r f a c e   115  to  t he   f o r w a r d  



s u r f a c e   1 1 7 ,   as  r e f e r e n c e d   o n l y   in  F i g u r e   1 4 .  

A  s l e e v e   r o t a t i n g   n o t c h   120  i s   f o r m e d   r a d i a l l y   i n w a r d  

of  t h e   o u t e r   c i r c u m f e r e n t i a l   edge   of  t h e   t a i l   p i e c e   r e -  

t a i n e r   110  and  r e a r w a r d   of  t h e   s h o u l d e r   s u r f a c e   115.   T h e  

r a d i a l   i n w a r d   d e p t h   of  t h e   n o t c h   120  e x t e n d s   i n w a r d   to  t h e  

o u t e r   s u r f a c e   80  of  t h e   s l e e v e   m e m b e r .   The  n o t c h   1 2 0  

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

s u r f a c e s   121  and  122 ,   r e f e r e n c e d   o n l y   in   F i g u r e   13,   w h i c h  

c o n v e r g e   r e a r w a r d l y   f r o m   t h e   s h o u l d e r   s u r f a c e   115  of  t h e  

t a i l   p i e c e   r e t a i n e r .   The  n o t c h   120  i s   l o c a t e d   in  a  p r e -  

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

r e t a i n e r   to   r e c e i v e   a  p o r t i o n   of  t h e   o f f s e t   t a b   p o r t i o n   9 6  

of  t h e   s l e e v e   member   when  t h e   s l e e v e   member   i s   in   or  i s   b e i n g  

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

( F i g u r e s   1 6  -   1 8 ) .  

D e t a i l s   of  some  of  t h e   e l e m e n t s   of  t h e   l o c k i n g   s t a c k  

a s s e m b l y   51  a r e   b e s t   s e e n   in   F i g u r e s   2 4  -   27.  Each  of  t h e  

l o c k i n g   s t a c k   a s s e m b l y   e l e m e n t s   56  to   59  i s   p r e f e r a b l y  

c y l i n d r i c a l   in   c r o s s - s e c t i o n .   The  d i a m e t e r   of  t h e   e a c h  

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

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

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

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

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

e x t e n d   r a d i a l l y   w i t h   r e s p e c t   to   t h e   l o c k .   The  f l a t   i n t e r -  

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

and  c o n t a c t   t h e   f l a t   i n t e r f a c i n g   end  s u r f a c e s   of  t h e   n e x t  

r a d i a l l y   a d j a c e n t ,   l o c k i n g   s t a c k   e l e m e n t s   a r e   a l l   e s s e n t i a l l y  

p e r p e n d i c u l a r   w i t h   r e s p e c t   to  an  a x i s   t h r o u g h  e a c h   c y l i n -  

d r i c a l l y   s h a p e d   e l e m e n t .   C h a m f e r e d   e d g e s   123  a r e   p r o v i d e d  



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

The  p u r p o s e   of  t he   c h a m f e r e d   e d g e s   123  i s   to   c o m p e n s a t e   f o r  

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

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

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

The  l e n g t h   of  t he   d r i v e r   p i n s   58  and  t h e   t u m b l e r   p i n s  

56  may  v a r y   in  a  d e s i r e d   m a n n e r .   The  l e n g t h   of  e a c h   o f  

t he   c h a n g e   w a f e r s   59,  b o t h   w i t h i n   t he   l o c k i n g   s t a c k   a s s e m b l y  

51  and  w i t h i n   t h e   c h a n g e   w a f e r   c h a m b e r s   61  i s   u n i f o r m .   T h e  

l e n g t h   of  t h e   c h a n g e   w a f e r s   i s   e q u a l   to  an  i n t e g r a l   m u l t i p l e  

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

f o r m e d   in  t h e   k e y .   The  l e n g t h   of  e a c h   l o c k i n g   p i n   57  i s  

t h e   same  and  i s   no  g r e a t e r   t h a n   r a d i a l   t h i c k n e s s   of  t h e  

s l e e v e   member   53.  F u r t h e r ,   t h e   l e n g t h   of   e a c h   l o c k i n g   p i n  

57  i s   an  i n t e g r a l   n u m b e r   of  l e n g t h s   of  a  c h a n g e   w a f e r   5 9 .  

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

d i a m e t e r   of  t h e   s l e e v e   member   43,   t h e   l e n g t h   of  t h e   l o c k i n g  

p i n s   57  may  be  s o m e w h a t   l e s s   t h a n   t he   r a d i a l   t h i c k n e s s   o f  

t h e   s l e e v e   member   43.  As  i s   shown  in  F i g u r e   25,   as  t h e   p l u g  

member   46  r o t a t e s ,   t he   p o i n t   w h e r e   t h e   o u t s i d e   c y l i n d r i c a l  

s u r f a c e   101  of  t h e   b a r r e l   member   45  i n t e r s e c t s   t h e   f l a t  

s u r f a c e   105  a c t s   as  a  cam  to  move  t h e   l o c k i n g   p i n s   s l i g h t l y  

u p w a r d .   The  s l i g h t   u p w a r d   m o v e m e n t ,   shown  in  F i g u r e   2 5 ,  

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

l o c k i n g   p i n   57  and  c h a n g e   w a f e r   59  c o i n c i d e n t l y   w i t h   t h e  

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

s h e a r   s u r f a c e .  

The  maximum  n u m b e r   of  c h a n g e   w a f e r s   p o s i t i o n e d   c o n -  

t i n u a l l y   in  e a c h   c h a n g e   w a f e r   c h a m b e r   i s   such   t h a t   t h e  

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

c h a m b e r   i s   e q u a l   to  t he   l e n g t h   of  a  l o c k i n g   p i n .   As  w i l l  



be  more   a p p a r e n t   f r o m   t he   s u b s e q u e n t   d e s c r i p t i o n   of  k e y  

c o m b i n a t i o n   c h a n g i n g   o p e r a t i o n ,   t h e   maximum  n u m b e r   of  c h a n g e  

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

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

t i n u a l l y   r e c e i v e d   in  t h e   c h a n g e   w a f e r   c h a m b e r .   C o n s e q u e n t l y ,  

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

i s   l e s s   t h a n   t h e   t o t a l   l e n g t h   of  t h e   l o c k i n g   p i n ,   by  a t   l e a s t  

one  b i t t i n g   d e p t h   i n t e r v a l .  

As  shown  b e s t   in  F i g u r e   21 ,   t h e   i n n e r m o s t   r a d i a l   e n d s  

124  of   t h e   t u m b l e r   p i n s   56  a r e   r o u n d e d   or  o t h e r w i s e   f o r m e d  

in   a  s u i t a b l e   m a n n e r   to  c o n t a c t   and  s e a t   a g a i n s t   t h e   b i t t i n g  

d e p t h s   50  f o r m e d   in   t h e   b l a d e   p o r t i o n   48  of  a  key   49  w h e n  

f u l l y   i n s e r t e d   in   t h e   k e y w a y .   S h o u l d e r   p o r t i o n s   133  and  1 3 4  

of  t h e   key   e x t e n d   t r a n s v e r s e l y   o u t w a r d   f r o m   t h e   b l a d e   p o r t i o n  

48  on  o p p o s i t e   s i d e s   and  s h o u l d e r   133  c o n t a c t s   t he   o u t e r  

s u r f a c e   103  of  t h e   f l a n g e   p o r t i o n   100  of  t h e   p l u g ,   t h e r e b y  

l i m i t i n g   t h e   maximum  d e p t h   to  w h i c h   t h e   key  49  can  be  l o n g i -  

t u d i n a l l y   i n s e r t e d   i n t o   t h e   k e y w a y .   A  bow  p o r t i o n   135  o f  

t h e   key  e x t e n d s   f rom  t h e   b l a d e   p o r t i o n   to   a l l o w   t h e   key   t o  

be  g r a s p e d   by  t h e   f i n g e r s   of  t h e   u s e r .  

P r e f e r a b l y ,   t h e   o v e r a l l   r a d i a l   l e n g t h   of  e a c h   l o c k i n g  

s t a c k   a s s e m b l y   i s   e s s e n t i a l l y   t h e   same  as  shown  in  F i g u r e s  

20  and  21.  U n i f o r m   l o c k i n g   s t a c k   l e n g t h s   make  t h e   l o c k  

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

s t a c k   a s s e m b l y   a r e   more   d i f f i c u l t   to  p e r c e i v e   by  p r o b i n g  

or  t h e   l i k e .  

At  l e a s t   one  of  t h e   e l e m e n t s   of  e a c h   l o c k i n g   s t a c k  

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

c a p a b l e   of   b e i n g   m a g n e t i z e d   as  p e r m a n e n t   m a g n e t i c   m a t e r i a l .  

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

of  m a t e r i a l   a t t r a c t e d   to  t he   p e r m a n e n t   m a g n e t i c   m a t e r i a l .  



P r e f e r a b l y ,   t h e   d r i v e r   p i n s   a r e   f o r m e d   of  t h e   p e r m a n e n t  

m a g n e t i c   m a t e r i a l   or  a  p e r m a l l o y   such   as  A l n i c o   b e c a u s e   s u c h  

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

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

t h e   l o c k i n g   s t a c k   a s s e m b l y .   P r e f e r a b l y ,   t h e   r e m a i n i n g  

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

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

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

e l e m e n t .  

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

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

s e p a r a t i n g   a t   t he   a b u t t i n g   end  i n t e r f a c e   s u r f a c e s   f rom  o n e  

a n o t h e r ,   e x c e p t   d u r i n g   p r o p e r   o p e r a t i o n   of  t he   l o c k .   S l i g h t  

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

b o u n c e   up  and  down  o v e r   t he   s e r r a t i o n s   b e t w e e n   b i t t i n g   d e p t h s  

as  t he   key  i s   i n s e r t e d   and  w i t h d r a w n .   When  t he   u s e r   i m p a r t s  

a  s l i g h t   r o t a t i n g   t o r q u e   to  t h e   key  and  p l u g   member   b e f o r e  

t he   key  i s   f u l l y   i n s e r t e d   i n t o   t h e   k e y w a y ,   t h e   l o c k i n g   s t a c k  

e l e m e n t s   may  hang   up  and  n o t   f u l l y   s e a t   on  t he   a b u t t i n g   e n d  

s u r f a c e s   of  one  a n o t h e r   or  t he   t u m b l e r   p i n s   may  n o t   f u l l y  

s e a t   on  t h e   b i t t i n g   d e p t h s   of  t he   key  b i t .   M a g n e t i c  

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

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

s h e a r   s u r f a c e s   a r e   r e l e a s e d   by  p r o p e r   l o c k   o p e r a t i o n .   T h e  

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

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

l o c k i n g   s t a c k   a s s e m b l y   when  t h e y   a r e   a t t r a c t e d   to   o n e , a n o t h e r .  

In  some  c i r c u m s t a n c e s ,   p i c k i n g   a  l o c k   can  be  a c h i e v e d   b y  

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

i ng   r o t a t i n g   t o r q u e   to  t h e   p l u g   to   r e l e a s e   t h e   l o c k i n g   s t a c k  



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

s u s c e p t a b i l i t y   of  t h e   l o c k   to  t h i s   t y p e   of  p i c k i n g .  

A l l   of  t h e   l o c k i n g   s t a c k   e l e m e n t s   of  t h e   l o c k   40  a r e  

made  of  s u i t a b l e   m e t a l l i c   m a t e r i a l s ,   as  i s   a p p a r e n t   t o  

one  s k i l l e d   in   t h e   a r t .   When  m a g n e t i c   l o c k i n g   s t a c k   e l e m e n t s  

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

s l e e v e   m e m b e r s   f rom  n o n - m a g n e t i c   m a t e r i a l   to   a v o i d   u n d e s i r a b l e  

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

Lock   A s s e m b l y  

A s s e m b l y   of  t h e   l o c k   can  b e s t   be  u n d e r s t o o d   by  r e f e r e n c e  

to   F i g u r e s   3  and  13  to   19.  The  s l e e v e   member   83  i s   i n s e r t e d  

c o a x i a l l y   i n t e r m e d i a t e   t h e   b a r r e l   p o r t i o n   45  of  t h e   p l u g  

member   and  t h e   i n n e r   c y l i n d r i c a l   s u r f a c e   73  of  t h e   h o u s i n g  

m e m b e r .   The  p l u g   member   46  i s   i n s e r t e d   f r o m   t h e   f r o n t   e d g e  

74  of  t h e   h o u s i n g   member   i n t o   t h e   i n t e r i o r   o p e n i n g   42.  T h e  

r e a r w a r d   f a c i n g   s h o u l d e r   102  of  t h e   f l a n g e   p o r t i o n   100  a b u t s  

and  c o n t a c t s   t h e   f o r w a r d   edge   74  of  t h e   c y l i n d r i c a l   p o r t i o n  

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

member   108  i s   i n s e r t e d   i n t o   t h e   s l o t   107.   The  t a i l   p i e c e  

r e t a i n e r   108  e x t e n d s   t h r o u g h   t h e   s l o t   111  i n   t h e   t a i l   p i e c e  

r e t a i n e r   member   110 ,   and  t h e   t a i l   p i e c e   r e t a i n e r   i s   a t t a c h e d  

to   t h e   r e a r   end  104  of  t h e   b a r r e l   p o r t i o n   of  t h e   p l u g   by  t h e  

s c r e w s   112.   A  p r o p e r   c o m b i n a t i o n   key   i s   i n s e r t e d   in   t h e  

k e y w a y   47  and  t h e   t u m b l e r   p i n s   a r e   i n s e r t e d   f r o m   t h e   d r i v e r  

p i n w a y s   55  i n t o   t h e   t u m b l e r   p i n w a y s   53  of  t h e   p l u g   m e m b e r .  

The  s l e e v e   member   i s   n e x t   p o s i t i o n e d   in  t h e   c o m b i n a t i o n  

c h a n g i n g   p o s i t i o n ,   w h e r e i n   t h e   c h a n g e   w a f e r   c h a m b e r s   a r e  

a l i g n e d   w i t h   t he   d r i v e r   p i n w a y s ,   and  two  c h a n g e   w a f e r s   59  

a r e   i n s e r t e d   i n t o   e a c h   of  t h e   c h a n g e   w a f e r   c h a m b e r s   6 1 .  

The  s l e e v e   member   i s   moved  to  a  p o s i t i o n   w h e r e i n   t h e   l o c k i n g  

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



r e m a i n d e r   of  t h e   l o c k i n g   s t a c k   e l e m e n t s   a r e   i n s e r t e d . '   T h e  

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

a t t a c h i n g   t he   cap  member   72  o v e r   t h e   o u t e r   end  of  t he   e n c a s e -  

ment   p o r t i o n   52  of  t he   h o u s i n g   m e m b e r .  

W i t h   t he   s l e e v e   member   f u l l y   i n s e r t e d   to  t he   f r o n t   in  t h e  

h o u s i n g   m e m b e r ,   t h e   o f f s e t   t ab   96  i s   r e c e i v e d   w i t h i n   t he   l o c k -  

ing   r e c e s s   77  and  t h e   f o r w a r d   edge   p o r t i o n   85  i s   in  a b u t t -  

ing   c o n t a c t   w i t h   t he   s h o u l d e r   102  of  t h e   f l a n g e   p o r t i o n   o f  

t h e   p l u g .   The  s l e e v e   a c t u a t i n g   n o t c h   86  s u r r o u n d s   a n d  

r e c e i v e s   t h e r e i n   t h e   s l e e v e   a c t u a t i n g   p i n   106.   W i t h   t h e  

f o r w a r d   edge   p o r t i o n   85  of  t h e   s l e e v e   a b u t t i n g   t h e   s h o u l d e r  

s u r f a c e  1 0 2 ,   t h e   c e n t e r   p o i n t s   of  t h e   l o c k i n g   p i n   c h a m b e r s  

54  a r e   p o s i t i o n e d   a t   t he   same  a x i a l   p o s i t i o n s   as  t he   c e n t e r  

p o i n t s   of  t h e   d r i v e r   p i n w a y s   55  and  t u m b l e r   p i n w a y s   53 

( F i g u r e s   1 9  -   2 1 ) .  

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

n o t e d ,   as  can   a l s o   be  s e e n   f r o m   F i g u r e s   13  to  18.  W i t h   t h e  

f o r w a r d   edge   p o r t i o n   85  of  t he   s l e e v e   member   43  a b u t t i n g   t h e  

s h o u l d e r   s u r f a c e   102  of  t he   f l a n g e   100  as  shown  in  F i g u r e   1 3 ,  

t h e   f o r w a r d   f l a t   s u r f a c e   117  ( F i g u r e   14)  of  t h e   s l e e v e  

r e s t o r i n g   t ab   116  of  t h e   t a i l   p i e c e   r e t a i n e r   c o n t a c t s   t h e  

r e a r w a r d   f l a t   s u r f a c e   93  ( F i g u r e   15)  of  t h e   s l e e v e   r e s t o r i n g  

p r o j e c t i o n   92.  T h u s ,   i t   s h o u l d   be  r e c o g n i z e d   t h a t   t h e  

r o t a t i o n   of  t h e   p l u g   member   to  i t s   home  p o s i t i o n   d u r i n g  

n o r m a l   l o c k   o p e r a t i o n   o p e r a t i v e l y   c a u s e s   t h e   s l e e v e   a c t u a t -  

ing   t ab   116  to  c o n t a c t   t h e   s l e e v e   r e s t o r i n g   p r o j e c t i o n   92  

and  f o r c e   t he   s l e e v e   member   to  i t s   a x i a l l y   f o r w a r d   p o s i t i o n .  

I t   s h o u l d   a l s o   be  n o t e d   t h a t   t h e   l o c k i n g   r e c e s s   77  i n  t h e  

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

d i s t a n c e   so  t h a t   t h e   t ab   p o r t i o n   r e c e i v e d   t h e r e i n   d o e s   n o t  



i n h i b i t   f u l l   f o r w a r d   a x i a l   m o v e m e n t   of  t h e   s l e e v e .  

The  maximum  l o n g i t u d i n a l l y   f o r w a r d   e x t e n s i o n   of  t h e  

c h a n g e   r e c e s s   78  i s   i n s u f f i c i e n t   to  a l l o w   t h e   o f f s e t   t a b  

96  to   move  l o n g i t u d i n a l l y   c o m p l e t e l y   ou t   of  t h e   l o c k i n g  

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

f l a t   s u r f a c e   97  ( F i g u r e   14)  of  t h e   t a b   96  c o n t a c t s   t h e  

f o r w a r d   s u r f a c e   115  of  t h e   t a i l   p i e c e   r e t a i n e r .   An  e x c e p t i o n  

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

s l e e v e   r o t a t i n g   n o t c h   120  i s   p o s i t i o n e d   in   a x i a l   a l i g n m e n t  

w i t h   t h e   o f f s e t   t ab   96  ( F i g u r e s   15  to   1 8 ) .   U n d e r   t h i s  

c i r c u m s t a n c e ,   t h e   s l e e v e   member   can   be  moved  a x i a l l y   r e a r -  

w a r d   a  s u f f i c i e n t   d i s t a n c e   to  move  t h e   t ab   o u t   of  t h e   l o c k -  

i n g   r e c e s s   77.  The  r e a r w a r d   f l a t   s u r f a c e   93  of  t h e   s l e e v e  

r e s t o r i n g   p r o j e c t i o n   c o n t a c t s   t h e   s h o u l d e r   s u r f a c e   115  of  t h e  

t a i l   p i e c e   r e t a i n e r   in   t h i s   c o n d i t i o n   ( F i g u r e s   1 6  -   1 8 ) .  

F u r t h e r ,   t h e   r a d i a l   o u t w a r d   e x t e n t   of  t h e   o p e n i n g   109  f o r m e d  

r a d i a l l y   o u t w a r d   t h r o u g h   t h e   f l a n g e   100  f r o m   t h e   k e y w a y   4 7  

i s   s u f f i c i e n t   to  e x p o s e   an  a m o u n t   of  t h e   p l a n a r   edge   p o r t i o n  

85  of  t h e   f r o n t   edge   84  of  t h e   s l e e v e   member   ( F i g u r e s   2  a n d  

1 9 ) .   O t h e r   r e l a t i o n s h i p s   a r e   i m p l i c i t   f r o m   t h e   d e s c r i p t i o n  

of  s t r u c t u r e   and  o p e r a t i o n .  

N o r m a l   L o c k   O p e r a t i o n  

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

t h e   c o n d i t i o n   i l l u s t r a t e d   in   F i g u r e s   2,  4,  19  or  2 0 .  

The  p l u g   member   i s   in   a  home  or  b e g i n n i n g   p o s i t i o n ,   t y p i c a l l y  

w i t h   t h e   k e y w a y   47  in  a  v e r t i c a l l y   e x t e n d i n g   m a n n e r .   T h e  

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

i n w a r d   to   t h e   maximum  p o i n t   a l l o w a b l e   by  t h e   i n n e r   t e r m i n a -  

t i o n   of  t h e   t u m b l e r   p i n w a y s   in   t h e   p l u g   m e m b e r .   In  F i g u r e  

4,  t h e   l o c k   i s   in   t h e   l o c k e d   c o n d i t i o n - d u e   to  t h e   d r i v e r  



p i n   58  e x t e n d i n g   t h r o u g h   b o t h   r e l e a s e   or  s h e a r   s u r f a c e s .  

T h e r e f o r e ,   i t   i s   i m p o s s i b l e   to  move  any  of  t he   p l u g ,   s l e e v e  

or  h o u s i n g   m e m b e r s   w i t h   r e s p e c t   to  one  a n o t h e r .   I n  

F i g u r e s   19  and  20,   i t   i s   a l s o   a p p a r e n t   t h a t   b o t h   s h e a r   s u r -  

f a c e s   a r e   b l o c k e d   by  l o c k i n g   s t a c k   e l e m e n t s ,   s i n c e   none   o f  

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

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

F i g u r e   5  i l l u s t r a t e s   t he   c o n d i t i o n   of  a  l o c k   w i t h   a n  

i m p r o p e r   key  i n s e r t e d .   The  l o c k i n g   s t a c k   e l e m e n t s   h a v e   b e e n  

b i a s e d   u p w a r d   or  r a d i a l l y   o u t w a r d   by  t h e   b i t t i n g   d e p t h   5 0  

o f   t h e   key .   The  a b u t t i n g   s u r f a c e   b e t w e e n   the   l o c k i n g   p i n  

57  and  t h e   c h a n g e   w a f e r   59  c o i n c i d e s   w i t h   t he   i n n e r   s h e a r  

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

and  s l i g h t   r o t a t i o n   of  t h e   p l u g   is   p o s s i b l e   as  i s   shown  i n  

F i g u r e   6.  H o w e v e r ,   t he   o u t e r   s h e a r   s u r f a c e   is   n o t   r e l e a s e d  

s i n c e   the   d r i v e r   p i n   58  e x t e n d s   t h r o u g h   t he   o u t e r   s h e a r  

s u r f a c e .   As  i s   shown  in  F i g u r e   14,  t h e   p l u g   member   i s  

r o t a t e d   s l i g h t l y   u n t i l   t h e   s l e e v e   a c t u a t i n g   p i n   106  c o n -  

t a c t s   t h e   t r a n s v e r s e   camming   s u r f a c e   88  ( F i g u r e   15)  of  t h e  

s l e e v e   a c t u a t i n g   n o t c h   86.  At  t h i s   p o i n t ,   no  f u r t h e r  

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

b l o c k e d .   The  b l o c k e d   o u t e r   s h e a r   s u r f a c e   p r e v e n t s   t h e  

r e a r w a r d   a x i a l   m o v e m e n t   of  t h e   s l e e v e   m e m b e r ,   and  t h e r e f o r e  

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

W i t h   a  p r o p e r   key  i n s e r t e d ,   b o t h   s h e a r   s u r f a c e s   a r e  

r e l e a s e d .   R e l e a s e   of  t he   i n n e r   and  o u t e r   s h e a r   s u r f a c e s  

i s   i l l u s t r a t e d   in  F i g u r e s   7,  15,  21 ,   22  and  25.   R o t a t i o n  

of  t h e   p l u g   member   f rom  t h e   F i g u r e   14  p o s i t i o n   c a u s e s   t h e  

s l e e v e   a c t u a t i n g   p i n   106  to  f o l l o w   t he   camming   s u r f a c e   88  

( F i g u r e   15)  of  t h e   s l e e v e   a c t u a t i n g   n o t c h   86  to  a x i a l l y  



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

F i g u r e   15.  R o t a t i o n   of  t h e   p l u g   in   e i t h e r   t h e   c l o c k w i s e  

or  t h e   c o u n t e r c l o c k w i s e   d i r e c t i o n s   r e s u l t s   in   t h e   same  t y p e  

of  n o r m a l   l o c k   a c t i o n ,   w i t h   t he   s l e e v e   a c t u a t i n g   p i n   c o n t a c t -  

i ng   one  or  t h e   o t h e r   of  t h e   o p p o s i t e   camming   s u r f a c e s   88  o r  

89  ( F i g u r e   15)  of  t h e   s l e e v e   a c t u a t i n g   n o t c h   86  to  p u s h   t h e  

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

r o t a t e d ,   t h e   s l e e v e   r e s t o r i n g   t a b   116  moves   o u t   of  r o t a t i o n a l  

a l i g n m e n t   w i t h   t he   s l e e v e   r e s t o r i n g   p r o j e c t i o n   92  t o  

t h e r e b y   a l l o w   a x i a l   m o v e m e n t   of  t h e   s l e e v e   m e m b e r .   I t   s h o u l d  

be  f u r t h e r   n o t e d   t h a t   t h e   f o r w a r d   edge   of  t h e   o f f s e t   t a b  

p o r t i o n   96  of  t h e   s l e e v e   d o e s   n o t   move  r e a r w a r d   to  a  p o s i t i o n  

in   w h i c h   t h e   t ab   96  moves   c o m p l e t e l y   ou t   of  t h e   l o c k i n g  

r e c e s s   77.  Each  t i m e   t h e   p l u g   i s   r e t u r n e d   to  i t s   h o m e  

p o s i t i o n ,   t h e   s l e e v e   r e s t o r i n g   t ab   116  c o n t a c t s   t h e   s l e e v e  

r e s t o r i n g   p r o j e c t i o n   92  and  moves   t h e   s l e e v e   member   to   i t s  

a x i a l l y   f o r w a r d   p o s i t i o n .  

N o r m a l   l o c k   o p e r a t i o n   can   t h u s   be  s u m m a r i s e d .   W i t h  

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

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

f i r s t   r e l e a s e s   t h e   i n n e r   s h e a r   and  t h e r e a f t e r ,   t h e   s l e e v e  

a c t u a t i n g   p i n   o p e r a t i v e l y   moves   t h e   s l e e v e   member   a x i a l l y  

r e a r w a r d .   The  r e a r w a r d   m o v e m e n t   of  t h e   s l e e v e   s h i f t s   t h e  

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

p i n w a y s .   R e t u r n i n g   t h e   p l u g   member   to  home  p o s i t i o n  

c a u s e s   t h e   s l e e v e   r e s t o r i n g   t a b   116  to  c o n t a c t   t h e   s l e e v e  

r e s t o r i n g   p r o j e c t i o n   92  and  f o r c e   t h e   s l e e v e   member   to   i t s  

f o r w a r d m o s t   p o s i t i o n .   T h u s ,   t h e   p l u g   member   r o t a t e s   w i t h  

r e s p e c t   to   t h e   h o u s i n g   and  t h e   s l e e v e   member   moves   o n l y  

a x i a l l y   w i t h   r e s p e c t   to   t h e   h o u s i n g   d u r i n g   n o r m a l   l o c k   o p e r a -  

t i o n .   D u r i n g   n o r m a l   l o c k   o p e r a t i o n ,   t h e   s l e e v e   member   h a s  



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

w a f e r   c h a m b e r s   61  a l i g n   w i t h   t h e   t u m b l e r   p i n w a y s   53  r e g a r d -  

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

by  F i g u r e   1 5 .  

I t   i s   a p p a r e n t   f rom  t h i s   m a n n e r   of  o p e r a t i o n   t h a t   t h e  

l o c k i n g   r e c e s s   77  and  t ab   96  f o rm  one  means   f o r   p r e v e n t i n g  

r o t a t i o n a l   m o v e m e n t   of  t he   s l e e v e   member   r e l a t i v e   to  t h e  

h o u s i n g   member   w h i l e   a l l o w i n g   a x i a l   m o v e m e n t   of  t he   s l e e v e  

member   r e l a t i v e   to  b o t h   t he   h o u s i n g   and  p l u g   m e m b e r s .   T h e  

f l a n g e   s h o u l d e r   s u r f a c e   102  and  t h e   s u r f a c e   115  of  t he   t a i l  

p i e c e   r e t a i n e r   110  fo rm  means   f o r   a l l o w i n g   r o t a t i o n a l   m o v e -  

ment   of  t h e   p l u g   member   r e l a t i v e   to  t h e   h o u s i n g  m e m b e r   w h i l e  

p r e v e n t i n g   a x i a l   m o v e m e n t   of  t h e   p l u g   member   r e l a t i v e   to  t h e  

h o u s i n g   member .   The  s l e e v e   member   i s   s h i f t e d   f rom  i t s  

f i r s t   or  f o r w a r d m o s t   a x i a l   p o s i t i o n   to  a  s e c o n d   or  i n t e r -  

m e d i a t e   a x i a l   p o s i t i o n   by  means   of  t h e   s l e e v e   a c t u a t i n g   p i n  

106  and  the   s l e e v e   a c t u a t i n g   n o t c h   86.  The  i n t e r m e d i a t e  

a x i a l   p o s i t i o n   d e f i n e s   a  n o r m a l   l o c k   o p e r a t i n g   p o s i t i o n   o f  

t h e   s l e e v e   m e m b e r .   The  home  p o s i t i o n   of  t he   p l u g   m e m b e r  

d e f i n e s   i t s   f i r s t   r o t a t i o n a l   p o s i t i o n ,   and  t he   p o s i t i o n   a t  

w h i c h   the   s l e e v e   member   i s   s h i f t e d   to  t he   s e c o n d   a x i a l  

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

The  s e c o n d   r o t a t i o n a l   p o s i t i o n   i s   i l l u s t r a t e d   in  F i g u r e s  

22  and  23.  The  s l e e v e   r e s t o r i n g   p r o j e c t i o n   92  and  t h e  

s l e e v e   r e s t o r i n g   t ab   116  f o r m   one  e x a m p l e   of  means   f o r   s h i f t -  

i ng   t he   s l e e v e   member   a x i a l l y   f rom  i t s   s e c o n d   a x i a l   p o s i t i o n  

to  i t s   f i r s t   a x i a l   p o s i t i o n .  

Key  C o m b i n a t i o n   C h a n g i n g   O p e r a t i o n  

C h a n g i n g   t h e   c o m b i n a t i o n   of  t h e   l o c k   p r o c e e d s   by  i n s e r t -  

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



and  r o t a t i n g   t h e   p l u g   member   to  a  p r e d e t e r m i n e d   p o s i t i o n  

shown  in  F i g u r e s   7,  15  and  26,   w h i c h   d e f i n e s   a  t h i r d  

r o t a t i o n a l   p o s i t i o n   of  t h e   p l u g   member .   In  t h e   p r e d e t e r m i n e d  

r o t a t i o n a l   p o s i t i o n   shown  in  F i g u r e   15,  t h e   o f f s e t   t ab   9 6  

i s   a l i g n e d   w i t h   t h e   s l e e v e   r o t a t i n g   n o t c h   120  in   t h e   t a i l  

p i e c e   r e t a i n e r   110.   U n d e r   t h e s e   c o n d i t i o n s ,   a  p r o j e c t i o n  

member   145  i s   m a n u a l l y   i n s e r t e d   i n t o   t h e   c h a n g e   o p e n i n g   1 0 9  

to  c o n t a c t   t h e   f o r w a r d   edge   p o r t i o n   85  of  t h e   s l e e v e   m e m b e r  

43  and  move  t h e   s l e e v e   member   to   a  r e a r w a r d m o s t   a x i a l   o r  

t h i r d   a x i a l   p o s i t i o n   ( F i g u r e   1 6 ) .   At  t h e   t h i r d   a x i a l   p o s i -  

t i o n   t h e   r e a r w a r d   s u r f a c e   93  ( F i g u r e   15)  of  t h e   s l e e v e   r e -  

s t o r i n g   p r o j e c t i o n   92  c o n t a c t s   t h e   s u r f a c e   115  of  t h e   t a i l  

p i e c e   r e t a i n e r .   A l s o ,   t h e   o f f s e t   t ab   96  p r o j e c t s   i n t o   t h e  

n o t c h   120.   Camming  s u r f a c e   98  ( F i g u r e   14)  of  t h e   t a b . - 9 6  

c o n t a c t s   one  camming   s u r f a c e   121  ( F i g u r e   13)  of  t h e   n o t c h  

120  to  s l i g h t l y   r o t a t e   t h e   s l e e v e   member   w i t h   r e s p e c t   to  t h e  

h o u s i n g   member   and  s h i f t   t h e   t ab   96  s l i g h t l y   ou t   of  t h e  

l o c k i n g   r e c e s s   77  i n t o   t h e   c h a n g e   r e c e s s   7 8 .  

T h e r e a f t e r ,   t h e   p l u g   member   i s   r o t a t e d   b a c k   f r o m   i t s  

t h i r d   r o t a t i o n a l   p o s i t i o n   to   i t s   f i r s t   r o t a t i o n a l   p o s i t i o n  

shown  in  F i g u r e   8,  and  t h e   s l e e v e   r o t a t i n g   n o t c h   120  c a r r i e s  

t h e   o f f s e t   t ab   96  c i r c u m f e r e n t i a l l y   in   t he   c h a n g e   r e c e s s   78  

( F i g u r e   1 7 ) .   R o t a t i o n   of  t h e   s l e e v e   t h e r e b y   o c c u r s ,   p l a c i n g  

t h e   c h a n g e   w a f e r   c h a m b e r s   61  in   r a d i a l l y   a l i g n e d   c o n d i t i o n  

w i t h   t h e   t u m b l e r   and  d r i v e r   p i n w a y s   as  i s   shown  in  F i g u r e  

17.  The  two  c h a n g e   w a f e r s   in   t h e   c h a n g e   w a f e r   c h a m b e r   a r e  

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

p i n   and  t h e   c h a n g e   w a f e r   in  t h e   l o c k i n g   s t a c k   a s s e m b l y ,   as  i s  

shown  in  F i g u r e s   8,  9  and  27.   The  l o c k i n g   p i n   p o s i t i o n e d  

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



a l i g n m e n t   w i t h   t h e   d r i v e r   and  t u m b l e r   p i n w a y s .   T h e r e u p o n ,  

t h e   s e t   key  i s   r e m o v e d   and  a  new  c o m b i n a t i o n   key  i s   i n s e r t e d .  

The  new  c o m b i n a t i o n   key  h a s   b i t t i n g   d e p t h s   c u t   to  a  n e w  

c o m b i n a t i o n ,   t h e   new  c o m b i n a t i o n   b e i n g   d e f i n e d   by  a t   l e a s t  

one  of  t h e   b i t t i n g   d e p t h s   on  t h e   new  key  b e i n g   a  d e p t h  

d i f f e r e n t   f rom  t h e   c o r r e s p o n d i n g   b i t t i n g   d e p t h   of  t h e   f i r s t  

key  by  an  a m o u n t   e q u a l   to   t h e   l e n g t h   of  a t   l e a s t   one  c h a n g e  

w a f e r .   I n s e r t i o n   of  t h e   new  or  s e c o n d   key  i s   i l l u s t r a t e d  

in  F i g u r e   9 .  

By  c o m p a r i n g   F i g u r e s   8  and  9,  i t   can  be  s e e n   t h a t   t h e  

new  key  i s   c u t   to  a  d e e p e r   b i t t i n g   d e p t h .   As  a  r e s u l t ,   t h e  

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

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

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

c h a m b e r   i s   t r a n s f e r r e d   i n t o   t h e   t u m b l e r   p i n w a y   53.  I t  

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

w a f e r s   r e m a i n   in   t h e   c h a n g e   w a f e r   c h a m b e r   a t   a l l   t i m e s .  

T h e r e f o r e ,   i t   i s   p o s s i b l e   to  once   a g a i n   r e l e a s e   b o t h   s h e a r  

i n t e r f a c e s   b e c a u s e   a b u t t i n g   end  s u r f a c e s   of  t h e   c h a n g e  

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

c i d e n t a l   w i t h   t h e   s h e a r   s u r f a c e s   ( F i g u r e s   24  and  2 7 ) .   T h e  

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

F i g u r e   1 7 .  

In  a c c o r d a n c e   w i t h   t h e   g e n e r a l   p r i n c i p l e   i n v o l v e d   i n  

t h e   key  c o m b i n a t i o n   c h a n g i n g   o p e r a t i o n ,   t h e   maximum  t o t a l  

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

p o s a b l e   a t   a  new  r e l a t i v e   p o s i t i o n   in   t h e   l o c k i n g   s t a c k  

a s s e m b l y   i s   t h e   l e n g t h   of  one  b i t t i n g   d e p t h   i n t e r v a l   l e s s  

t h a n   t h e   t o t a l   l e n g t h   of  a  l o c k i n g   p i n .   As  a  r e s u l t ,   i t  

can   r e a d i l y   be  r e c o g n i z e d   t h a t   t he   l e n g t h   in   t h e  l o c k i n g  



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

f a c e   s u r f a c e s   on  t h e   ends   of  the   l o c k i n g   p i n   is   c h a n g e d .  

In  t he   p r e f e r r e d   e m b o d i m e n t   o n l y   one  c h a n g e   w a f e r   is  t r a n s -  

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

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

t h i s   c h a n g e   p r i n c i p l e   c o n c e p t   t h a t   more  t h a n   two  c h a n g e   w a f e r s  

can  be  p o s i t i o n e d   in  t he   c h a n g e   w a f e r   c h a m b e r   and  i n a c   m o r e  

t h a n   one  c h a n g e   w a f e r   can  be  t r a n s p o s e d   i n t o   t he   l o c k i n g   s t a c k .  

Of  c o u r s e ,   t h e   l e n g t h   of  the   l o c k i n g   p i n   and  t h e   r a d i a l  

t h i c k n e s s   of  t h e   s l e e v e   w o u l d   be  a d j u s t e d   a c c o r d i n g l y .  

The  new  c o m b i n a t i o n   or  s e c o n d   key  i s   t h e r e a f t e r   r o t a t e d  

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

i s   shown  in  F i g u r e   10.  R o t a t i n g   t he   p l u g   c o u n t e r c l o c k w i s e  

c a u s e s   t h e   s l e e v e   r o t a t i n g   n o t c h   120  to  c a r r y   t h e   tab  9 6  

b a c k   to  an  a l i g n e d   p o s i t i o n   w i t h   t he   l o c k i n g   r e c e s s   77  

( F i g u r e   1 8 ) .   The  camming   s u r f a c e s   122  ( F i g u r e   12)  and  99  

( F i g u r e   14)  l o n g i t u d i n a l l y   f o r c e   t h e   t ab   96  i n t o   t he   l o c k i n g  

r e c e s s   77.  The  key  and  p l u g   a r e   r o t a t e d   b a c k   to  t he   h o m e  

p o s i t i o n   as  i s   shown  in  F i g u r e   11  and  t h e   s l e e v e   r e s t o r i n g  

tab   116  and  s l e e v e   r e s t o r i n g   p r o j e c t i o n   92  f o r c e   t h e   s l e e v e  

member   to   i t s   a x i a l   f o r w a r d   or  f i r s t   p o s i t i o n .   T h e r e -  

a f t e r ,   n o r m a l   l o c k   o p e r a t i o n   o c c u r s   w i t h   t h e   new  key  in  t h e  

same  m a n n e r   as  has   p r e v i o u s l y   o c c u r r e d   w i t h   t h e   o ld   k e y .  

R e m o v a l   of  t he   new  key  f r o m   t h e   l o c k   r e s u l t s   in   a  c o n d i t i o n  

i l l u s t r a t e d   in   F i g u r e   1 2 .  

By  c o m p a r i n g   F i g u r e s   4  and  12,   i t   can  be  s e e n   t h a t   t h e  

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

c h a n g e   w a f e r   59  f rom  a  p o s i t i o n   r a d i a l l y   o u t w a r d   w i t h   r e s p e c t  

to   t he   l o c k i n g   p i n   57  to  a  p o s i t i o n   r a d i a l l y   i n w a r d   w i t h  

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



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

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

a s s e m b l i e s .  

D u r i n g   t he   l o c k   c o m b i n a t i o n   c h a n g i n g   o p e r a t i o n ,   i t   i s  

a p p a r e n t   t h a t   t h e   s l e e v e   member   i s   moved  to  a  r e a r w a r d m o s t  

or  t h i r d   a x i a l   p o s i t i o n ,   as  w e l l   as  r o t a t e d .   R o t a t i o n   o c c u r s  

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

d e f i n e d   when  t he   t ab   96  i s   w i t h i n   t h e   l o c k i n g   r e c e s s   77,  to   a  

s e c o n d   r o t a t i o n a l   p o s i t i o n   w h e r e   t h e   t ab   i s   m a x i m a l l y   c i r c u m -  

f e r e n t i a l l y   d i s p l a c e d   in  t he   c h a n g e   r e c e s s   78  ( F i g u r e   17  a n d  

F i g u r e s   15  and  1 8 ) .   T h u s ,   t h e   c h a n g e   r e c e s s   78  and  t h e   t a b  

96  c o m p r i s e   one  f o rm  of  means   a l l o w i n g   r o t a t i o n   of  t h e   s l e e v e  

member   to   a  c o m b i n a t i o n   c h a n g i n g   p o s i t i o n .   The  s l e e v e  

r o t a t i n g   n o t c h   120  and  t h e   t ab   96  f o r m   one  means   f o r   o p e r a t i v e l y  

r o t a t i n g   t h e   s l e e v e   member   f rom  i t s   f i r s t   r o t a t i o n a l   p o s i t i o n  

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

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

p o s i t i o n .  

I t   i s   a p p a r e n t   to   t h o s e   s k i l l e d   in  t he   a r t   t h a t   t h e  

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

k e y i n g   can   be  e m p l o y e d  b y   a p p r o p r i a t e l y   a r r a n g i n g   t h e   e l e m e n t s  

of  t h e   l o c k i n g   s t a c k   a s s e m b l y .   F i g u r e   20  i s   one  i l l u s t r a t i o n  

of  s u c h   a  t e c h n i q u e   w h e r e i n   more  t h a n   one  c h a n g e   w a f e r   59  a n d  

l o c k i n g   p i n   57  h a v e   b e e n   e m p l o y e d   in  some  of  t h e   l o c k i n g   s t a c k  

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

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

and  v i c e   v e r s a ,   in  t h e   same  m a n n e r   as  c o m b i n a t i o n   c h a n g e s   f o r  

p a s s   k e y s .  



S e t   K e y  

A  c o n v e n t i o n a l   p a s s   key  49  i l l u s t r a t e d   in  F i g u r e   2 1  

has   p r e v i o u s l y   b e e n   d e s c r i b e d   in  n o r m a l   o p e r a t i o n   of  t h e  

l o c k   40.  I t   i s   n o t e d   t h a t   t h e   p a s s   key  49  i n c l u d e s   two  t r a n s -  

v e r s e l y   s p a c e d   s h o u l d e r   p o r t i o n s   133  and  134  w h i c h   e x t e n d  

o u t w a r d l y   f rom  t h e   b l a d e   p o r t i o n   48  of  t h e   k e y .   The  s h o u l d e r  

p o r t i o n   133  l i m i t s   t he   maximum  a m o u n t   of  i n s e r t i o n   of  t he   k e y  

i n t o   t h e   k e y w a y   47  upon  c o n t a c t i n g   t h e   f r o n t   s u r f a c e   103  o f  

t he   f l a n g e   100.   The  l o w e r   s h o u l d e r   p o r t i o n   134  c o v e r s   t h e  

o p e n i n g   109  in  t h e   b o t t o m   p o r t i o n   of  t h e   k e y w a y .   T h u s ,   t h e  

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

e x p o s u r e   of  t h e   f o r w a r d   edge   of  t he   s l e e v e   43  t h r o u g h   t h e  

o p e n i n g   109  and  t h u s   p r e v e n t s   u n a u t h o r i z e d   c h a n g e .  

One  fo rm  of  a  s e t   key  f o r   c h a n g i n g   t he   c o m b i n a t i o n   o f  

t he   l o c k   40,  n o t   s p e c i f i c a l l y   shown ,   r e q u i r e s   r e m o v a l   of  t h e  

l o w e r   s h o u l d e r   p o r t i o n   134  of  a  c o n v e n t i o n a l   p a s s   k e y .   T h u s  

t h e   l o w e r   l o n g i t u d i n a l   edge   of  t h e   b l a d e   p o r t i o n   48  e x t e n d s  

i n t o   t h e   bow  p o r t i o n   135  of  t h e   k e y .   W i t h   t h i s   a r r a n g e -  

ment   a  p r o j e c t i o n   member   s u c h   as  a  s t i f f   w i r e   or  the   l i k e  

can  be  m a n u a l l y   i n s e r t e d   b e l o w   t h e   b l a d e   p o r t i o n   48  to  c o n -  

t a c t   t he   f o r w a r d   p l a n a r   edge   p o r t i o n   85  of  t h e   s l e e v e   t o  

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

t o r y   to  r o t a t i n g   t h e   s l e e v e   to  t h e   c o m b i n a t i o n   c h a n g i n g  

p o s i t i o n .  

A  p r e f e r r e d   f o rm  of  a n o t h e r   t y p e   of  s e t   key  140  i s  

i l l u s t r a g e d   in  F i g u r e s   31  and  32.  The  key  140,   of  c o u r s e ,  

i n c l u d e s   an  e l o n g a t e d   b l a d e   p o r t i o n   141  a t t a c h e d   to  a  b o w  

p o r t i o n   142.   An  u p p e r   s h o u l d e r   143  e x t e n d s   t r a n s v e r s e l y   o f  

t h e   b l a d e   p o r t i o n   to  l i m i t   a x i a l   i n s e r t i o n   of  t h e   key  in  t h e  



l o c k .   A  p r o j e c t i o n   member   145  i s   p o s i t i o n e d   p e r m a n e n t l y  

w i t h i n   a  s l o t   144  f o r m e d   in  t h e   bow  p o r t i o n   142.  The  s l o t  

144  e x t e n d s   in  n e x t   a d j a c e n t   and  o f f s e t   p a r a l l e l   r e l a t i o n  

w i t h   t he   l o w e r   s t r a i g h t   edge   of  t h e   b l a d e   p o r t i o n .   T h e  

p r o j e c t i o n   member   145  i s   a t t a c h e d   to  a  f i n g e r   knob  m e m b e r  

146  on  e a c h   t r a n s v e r s e   s i d e   of  t h e   bow  p o r t i o n .   A  r o u n d e d  

b o s s   p o r t i o n   147  f o r m e d   on  t h e   end  of  t h e   p r o j e c t i o n   m e m b e r  

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

of  an  e n l a r g e d   s l o t   148 ,   and  t h e   f i n g e r   knob  m e m b e r s   1 4 6  

a r e   c o n n e c t e d   to  t h e   o u t e r   t r a n s v e r s e   ends   of  t h e   b o s s  

p o r t i o n ,   p r e f e r a b l y   by  r i v e t s   150  e x t e n d i n g   t r a n s v e r s e l y  

t h r o u g h   an  o p e n i n g   151  in  t h e   b o s s   p o r t i o n   147.   The  f i n g e r  

knob  m e m b e r s   146 ,   t h e   b o s s   p o r t i o n   147  and  t he   e n l a r g e d   s l o t  

148  d e f i n e   one  f o rm  of  means   f o r   p e r m a n e n t l y   a f f i x i n g   t h e  

p r o j e c t i o n   member   145  to   t he   key  140.   The  maximum  f o r -  

ward   and  r e a r w a r d   p r o j e c t i o n   of  t h e   p r o j e c t i o n   member   i s  

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

e n l a r g e d   s l o t   1 4 8 .  

Upon  i n s e r t i o n   of  t h e   s e t   key  140  i n t o   t h e   keyway   a n d  

r o t a t i o n   of  t h e   key  to  t h e   p o s i t i o n   in  w h i c h   c o m b i n a t i o n  

c h a n g i n g   p r e c e d u r e   can  b e g i n   ( F i g u r e   1 5 ) ,   t h e   f i n g e r   k n o b  

m e m b e r s   a r e   g r a s p e d   and  t h e   p r o j e c t i o n   member   145  i s   m o v e d  

t o w a r d   t h e   r e a r   of  t h e   l o c k .   The  l e a d i n g   edge   149  of  t h e  

p r o j e c t i o n   member   145  c o n t a c t s   t h e   f o r w a r d   edge   p o r t i o n   8 5  

of  t h e   s l e e v e   m e m b e r ,   and  f u r t h e r   m o v e m e n t   of  t h e   p r o j e c t i o n  

member   f o r c e s   t h e   s l e e v e   member   r e a r w a r d l y   ( F i g u r e   1 6 ) .  

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

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

p r o c e e d   as  p r e v i o u s l y   d e s c r i b e d .   The  p r o j e c t i o n  m e m b e r  

145  can  be  w i t h d r a w n   f rom  t he   o p e n i n g   109  by  m o v i n g   t h e  



f i n g e r   knob  m e m b e r s   146  away  f rom  t he   f l a n g e   of  t h e   l o c k .   I t  

is   a p p a r e n t   t h a t   t h e   p r o j e c t i o n   member   145  i s   t h e r e f o r e  

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

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

in  n e x t   a d j o i n i n g   r e l a t i o n   w i t h   the   b i t   p o r t i o n   of  t he   k e y ,  

to  be  i n s e r t e d   i n t o   and  r e m o v e d   f r o m  t h e   o p e n i n g   1 0 9 .  

In  t he   f o r e g o i n g   d e s c r i p t i o n   of  v a r i o u s   d e y s ,   only 

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

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

common  n i n e   or  t e n   b i t t i n g   d e p t h s   can  be  e m p l o y e d   w i t h   t h e  

l o c k   40  in   t h e   same  m a n n e r   as  t he   s i x   i l l u s t r a t e d .  

The  f o r e g o i n g   d e s c r i p t i o n   makes   ia  a p p a r e n t   t h a t   t h e  

l o c k   40  of  t h e   p r e s e n t   i n v e n t i o n   a l l o w s   r e l a t i v e l y   r a p i d  

and  s e l e c t i v e   c h a n g e   of  t he   key  c o m b i n a t i o n   w i t h o u t   r e m o v -  

ing  t he   l o c k   f rom  i t s   i n s t a l l e d   p o s i t i o n   or  r e p l a c i n g   p a r t s .  

F u r t h e r m o r e ,   more   p i c k - r e s i s t a n t   l o c k   a c t i o n   has   b e e n  

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

p r i o r   to  r e l e a s e   of  t h e   o u t e r   s h e a r   s u r f a c e .   R e l e a s e   o f  

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

in  an  a t t e m p t   to   p i c k   or  r e l e a s e   t he   o u t e r  s h e a r   s u r f a c e .  

The  c o n s t r u c t i o n   and  a r r a n g e m e n t   of  e l e m e n t s   w i t h i n   the   l o c k  

i s   such   t h a t   t h e   o v e r a l l   d i m e n s i o n s   of  t h e   l o c k   can  be  u s e d  

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

b i n a t i o n s   to  w h i c h   t he   l o c k   may  be  c h a n g e d   a l l o w   r a p i d   k e y  

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

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

m a s t e r   key  o p e r a t i o n .   I d e a l l y ,   m a s t e r   key  b i t t i n g   d e p t h s  

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



The  u n i q u e   use   of  m a g n e t i c   e l e m e n t s   w i t h i n   the   l o c k i n g  

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

t h e   p i c k - r e s i s t a n c e   of  t he   l o c k .  

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

makes   i s   a p p l i c a b l e   f o r   u se   in  c y l i n d r i c a l   l o c k s ,   t u b u l a r  

d e a d l o c k s ,   p a d l o c k s ,   m o r t i s e   and  r im  c y l i n d e r s   and  a  v a r i e t y  

of  o t h e r   s i t u a t i o n s .  

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

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

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

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

l o c k .   The  l o c k   can  be  u s e d   w i t h   c o n v e n t i o n a l   k e y s   h a v i n g  

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

as  p a s s   k e y s   and  as  m a s t e r   k e y s .   The  l o c k i n g   c o m b i n a t i o n  

can  be  s e l e c t i v e l y   c h a n g e d   f o r   o p e r a t i o n   by  d i f f e r e n t   p a s s  

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

by  a t   l e a s t   one  m a s t e r   key  or  a  g r a n d   m a s t e r   k e y .   T h e  

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

m i t   t he   l o c k   in  a  w i d e   v a r i e t y   of  d i f f e r e n t   a p p l i c a t i o n s .  

F i n a l l y ,   t h e   l o c k   has   i n c r e a s e d   r e s i s t a n c e   to  p i c k i n g   o r  

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

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

e l e m e n t s   upon  i n s e r t i o n   of  a  key  i n t o   t h e   l o c k .  



1.  A  p i n   t u m b l e r   l o c k   c o m p r i s i n g   a  h o u s i n g   m e m b e r ,  

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

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

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

way  f o r m e d   t h e r e i n   f o r   r e c e i v i n g   a  k e y ,   a  l o c k i n g   s t a c k  

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

ing  p i n ,   a  t u m b l e r   p in   and  means   f o r   b i a s i n g   s a i d   l o c k i n g  

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

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

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

a s s e m b l y ,   w h e r e b y   a  c o r r e c t   c o m b i n a t i o n   key  p o s i t i o n s   t h e  

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

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

and  p l u g   m e m b e r s ,   and  a c t u a t i n g   means   f o r   o p e r a t i v e l y   c o n n e c t -  

ing  s a i d   s l e e v e   and  p l u g   m e m b e r s   f o r   m o v i n g   s a i d   s l e e v e   m e m b e r  

a x i a l l y   w i t h i n   s a i d   l o c k ,   s a i d   a c t u a t i n g   means   b e i n g   o p e r a t i v e  

upon  p o s i t i o n i n g   a  c o r r e c t   c o m b i n a t i o n   key  in  t h e   keyway   a n d  

upon  r o t a t i n g   s a i d   p l u g   member   s u b s t a n t i a l l y .  o u t   of  a  p o s i t i o n  

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

m e m b e r s   a r e   in  r a d i a l l y   a l i g n e d   r e l a t i o n .  

2.  A  l o c k   as  c l a i m e d   in  c l a i m   1,  f u r t h e r   c o m p r i s -  

ing   r e s t o r i n g   means   o p e r a t i v e l y   c o n n e c t i n g   s a i d   s l e e v e   a n d  

p l u g   m e m b e r s   f o r   m o v i n g   s a i d   s l e e v e   member   in   an  a x i a l  

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

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

r o t a t i o n   of  s a i d   p l u g   member   i n t o   a  p o s i t i o n   w h e r e i n   the   b o r e s  

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

a l i g n e d   r e l a t i o n .  



3.  A  l o c k   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2,  f u r t h e r  

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

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

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

s a i d   s l e e v e   in  w h i c h   an  a u x i l i a r y   b o r e   f o r m e d   t h r o u g h   s a i d  

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

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

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

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

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

member   in  t h e   c o m b i n a t i o n   c h a n g i n g   p o s i t i o n .  

4.  A  l o c k   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   s a i d  

c h a n g e   means   c o m p r i s e s   a  c h a n g e   o p e n i n g   e x t e n d i n g   f rom  s a i d  

s l e e v e   member   t h r o u g h   s a i d   p l u g   member   to  an  e x t e r i o r  

s u r f a c e   of  s a i d   p l u g   member   a t   an  e x t e r i o r   s u r f a c e   of  s a i d  

l o c k ,   w h e r e b y   an  i n s t r u m e n t   can  be  i n s e r t e d   t h r o u g h   t h e  

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

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

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

5.  A  p i n   t u m b l e r   l o c k   c o m p r i s i n g   a  h o u s i n g   m e m b e r ,  

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

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

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

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

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

l o c k i n g   p i n ,   a  c h a n g e   w a f e r ,   a  t u m b l e r   p i n   and  means   f o r  

b i a s i n g   s a i d   l o c k i n g   s t a c k   e l e m e n t s   in  c o n t a c t i n g   r e l a t i o n ,  



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

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

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

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

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

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

member  b e i n g   m o u n t e d   f o r   p r e d e t e r m i n e d   a x i a l   and  r o t a t i o n a l  

movemen t   r e l a t i v e   to  s a i d   p l u g   and  h o u s i n g   members   i n t o  a  

c o m b i n a t i o n   c h a n g i n g   p o s i t i o n   of  s a i d   s l e e v e   member ,   a n  

a u x i l i a r y   b o r e   f o r m e d   t h r o u g h   s a i d   s l e e v e   member   and  a x i a l l y  

and  c i r c u m f e r e n t i a l l y   s p a c e d   f rom  t he   f i r s t - m e n t i o n e d   b o r e  

f o r m e d   in  s a i d   s l e e v e   member   so  t h a t   t he   a u x i l i a r y   b o r e   i s  

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

member  upon   s a i d   s l e e v e   member   b e i n g   p o s i t i o n e d   in  t h e  

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

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

c h a n g e   means   f o r   p o s i t i o n i n g   s a i d   s l e e v e   member   in  the   c o m -  

b i n a t i o n   c h a n g i n g   p o s i t i o n .  

6.  A  l o c k   as  c l a i m e d   in   c l a i m   5,  f u r t h e r   c o m p r i s -  

ing   a c t u a t i n g   means   o p e r a t i v e l y   c o n n e c t i n g   s a i d   s l e e v e   a n d  

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

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

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

and  s l e e v e   and  p l u g   m e m b e r s   a r e   a l i g n e d ,   s a i d   s l e e v e   m e m b e r  

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

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

l e n g t h   e q u a l   to  t h e   r a d i a l   t h i c k n e s s   of  s a i d   s l e e v e   m e m b e r ,  

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

c h a n g e   w a f e r   c h a m b e r ,   e a c h   c h a n g e   w a f e r   b e i n g ,  o f   t h e   s a m e  



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

w a f e r s   in  t he   c h a n g e   w a f e r   c h a m b e r   b e i n g   s u b s t a n t i a l l y   e q u a l  

to  t h e   r a d i a l   t h i c k n e s s   of  s a i d   s l e e v e   m e m b e r .  

7.  A  l o c k   as  c l a i m e d   in   c l a i m   5  or  c l a i m   6 ,  

w h e r e i n   one  of  t h e   e l e m e n t s   of  s a i d   l o c k i n g   s t a c k   a s s e m b l y  

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

e l e m e n t s   of  s a i d   l o c k i n g   s t a c k   a s s e m b l y ,   p r e f e r a b l y   one  o f  

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

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

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

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

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

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

s l e e v e   member   and  s a i d   p l u g   member   g e n e r a l l y   a d j a c e n t   to  t h e  

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

to  t h e   m a g n e t i c   m a t e r i a l .  

8.  A  l o c k   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   5  t o  

7,  w h e r e i n   s a i d   c h a n g e   means   f u r t h e r   c o m p r i s e s   a  c h a n g e  

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

member   to  an  e x t e r i o r   s u r f a c e   of  s a i d   p l u g   member   a t   a n  

e x t e r i o r   s u r f a c e   of  s a i d   l o c k ,   w h e r e b y   an  i n s t r u m e n t   can  b e  

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

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

p r o j e c t i o n   member   c a r r i e d   by  a  key  so  as  to  be  a l i g n e d   w i t h  

t h e   c h a n g e   o p e n i n g   when  t h e   key  i s   i n s e r t e d   i n t o   t h e   k e y w a y  

of  t h e   p l u g   m e m b e r ,   s a i d   p r o j e c t i o n   member   b e i n g   m o u n t e d  

on  t h e   key  f o r   l o n g i t u d i n a l   r e c i p r o c a t i n g   m o v e m e n t   r e l a t i v e  



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

9.  A  key  a d a p t e d   f o r   i n s e r t i o n   in  a  k e y w a y   f o r m e d  

in  a  r o t a t a b l e   p l u g   member  uf  a  t u m b l e r   l o c k ,   s a i d   key  c o m -  

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

the  keyway   of  s a i d   p l u g   member ,   a  bow  p o r t i o n   e x t e n d i n g  

f rom  the   b l a d e   p o r t i o n   and  a d a p t e d   to  be  g r a s p e d   to  o p e r a t e  

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

member  and  l i m i t   i n s e r t i o n   of  s a i d   key  i n t o   t h e   k e y w a y ,   a  

o r o j e c t i o n   member   p e r m a n e n t l y   c o n n e c t e d   to  s a i d   k e y ,   t h e  

p r o j e c t i o n   member   e x t e n d i n g   l o n g i t u d i n a l l y   of  t he   b l a d e  

p o r t i o n   of  s a i d   k e y ,   t h e   p r o j e c t i o n   member  b e i n g   o p e r a t i v e l y  

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

p a r a l l e l   to  t h e   b i t   p o r t i o n ,   and  means   o p e r a t i v e l y   c o n n e c t e d  

to  s a i d   p r o j e c t i o n   member   f o r   m o v i n g   s a i d   p r o j e c t i o n   m e m b e r  

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

e x t e n d i n g   f rom  s a i d   p r o j e c t i o n   member   to  be  g r a s p e d .  

10.  A  t u m b l e r   l o c k   c o m p r i s i n g   a . h o u s i n g   m e m b e r ,   a 

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

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

in  s a i d   p l u g   and  h o u s i n g   m e m b e r s ,   and  a  p l u r a l i t y   of  k e y -  

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

a t   l e a s t   one  of  s a i d   l o c k i n g   s t a c k   e l e m e n t s   c o m p r i s i n g   a  

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

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

to  t he   p e r m a n e n t   m a g n e t i c   m a t e r i a l   e l e m e n t   of  t h e  l o c k i n g  

s t a c k .  



11.  A  t u m b l e r   l o c k   c o m p r i s i n g   a  h o u s i n g   m e m b e r ,  

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

i n t e r i o r   of  s a i d   h o u s i n g   m e m b e r ,   s a i d   s l e e v e   member   c o n t a c t -  

ing   s a i d   h o u s i n g   member   a t   an  i n t e r f a c e   d e f i n i n g   an  o u t e r  

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

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

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

p o r t i o n   c o n t a c t i n g   t he   s l e e v e   member   a t   an  i n t e r f a c e   d e f i n -  

ing   an  i n n e r   s h e a r   s u r f a c e ,   an  a x i a l l y   e x t e n d i n g   k e y w a y  

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

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

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

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

and  f o r   p r e v e n t i n g   s u b s t a n t i a l   a x i a l   m o v e m e n t   of  s a i d   p l u g  

member   r e l a t i v e   to  s a i d   h o u s i n g   m e m b e r ,   s a i d   f i r s t   c o n -  

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

r o t a t i o n a l   p o s i t i o n   and  a  s e c o n d   r o t a t i o n a l   p o s i t i o n   r e l a t i v e  

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

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

s e c o n d   c o n n e c t i o n   means   o p e r a t i v e l y   c o n n e c t i n g   s a i d   s l e e v e  

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

s l e e v e   member   f rom  a  f i r s t   a x i a l   p o s i t i o n   to  a  s e c o n d   a x i a l  

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

p o s i t i o n   b e i n g   a x i a l l y   d i s p l a c e d   f rom  t h e   f i r s t   a x i a l   p o s i -  

t i o n ,   s a i d   s e c o n d   c o n n e c t i o n   means   a l s o   o p e r a t i v e l y   p r e v e n t -  

i ng   r o t a t i o n   of  s a i d   s l e e v e   member   in   t h e   f i r s t   and  s e c o n d  

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

one  d r i v e r   p i n w a y   f o r m e d   in  s a i d   h o u s i n g   member   and  e x t e n d -  

i ng   r a d i a l l y   o u t w a r d   f rom  t h e   i n t e r i o r   o p e n i n g   of  s a i d  



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

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

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

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

s l e e v e   member   a s s u m i n g   t he   f i r s t   a x i a l   p o s i t i o n ,   a  t u m b l e r  

p i n w a y   f o r m e d   in  s a i d   p l u g   member   and  e x t e n d i n g   r a d i a l l y  

f r o m   t h e   b a r r e l   p o r t i o n   i n t o   t h e   k e y w a y ,   t h e   t u m b l e r   p i n w a y  

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

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

p l u g   member   a s s u m i n g   t he   f i r s t   r o t a t i o n a l   p o s i t i o n   and  u p o n  

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

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

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

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

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

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

p i n   and  t he   l o c k i n g   p i n   and  t h e   t u m b l e r   p i n   b e i n g   r e c e i v e d  

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

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

w i t h   t he   e n d s   of  s a i d   p i n   e l e m e n t s   p o s i t i o n e d   e s s e n t i a l l y  

a t   t he   i n n e r   and  o u t e r   s h e a r   s u r f a c e s   upon  i n s e r t i o n   of  a 

p r o p e r   c o m b i n a t i o n   key  i n t o   t h e   k e y w a y   and  upon   s a i d   p l u g  

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

f i r s t   r o t a t i o n a l   and  f i r s t   a x i a l   p o s i t i o n s ,   t h e r e b y   a l l o w -  

ing   o p e r a t i o n   of  s a i d   l o c k   by  s a i d   r o t a t i o n   of  s a i d   k e y  

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

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

s a i d   s l e e v e   member   f r o m   i t s   f i r s t   a x i a l   p o s i t i o n   to   i t s  

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



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

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

m o v i n g   s a i d   s l e e v e   member   f rom  t h e   s e c o n d   a x i a l   p o s i t i o n   t o  

i t s   f i r s t   a x i a l   p o s i t i o n   upon  s a i d   p l u g   member   b e i n g  

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

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

12.  A  p i n   t u m b l e r   l o c k   as  c l a i m e d   in  c l a i m   1 1 ,  

h a v i n g   p r o v i s i o n   f o r   c h a n g i n g   t he   key  c o m b i n a t i o n   w i t h o u t  

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

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

member   i s   r o t a t a b l e   to  a  t h i r d   r o t a t i o n a l   p o s i t i o n ,   t h e  

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

f rom  e i t h e r   t h e   f i r s t   or  s e c o n d   r o t a t i o n a l   p o s i t i o n s   o f  

s a i d   p l u g   member ,   s a i d   s e c o n d   c o n n e c t i o n   means   o p e r a t i v e l y  

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

ing   a x i a l   m o v e m e n t   of  s a i d   s l e e v e   member   to  a  t h i r d   a x i a l  

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

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

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

c l u d e s   a  c h a n g e   w a f e r   as  an  e l e m e n t   of  s a i d   a s s e m b l y ,   a n d  

t h e   r o t a t i o n a l   p o s i t i o n   of  t h e   s l e e v e   member   in  t h e   f i r s t  

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

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

ing   t h i r d   c o n n e c t i o n   means   o p e r a t i v e l y   a s s o c i a t e d   w i t h   s a i d  

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

p l u g   and  s l e e v e   m e m b e r s   f o r   a l l o w i n g   r o t a t i o n   of  s a i d   s l e e v e  

member   to  a  s e c o n d   r o t a t i o n a l   p o s i t i o n   when  s a i d   s l e e v e  
. · 



member   i s   p o s i t i o n e d   in  t he   t h i r d   a x i a l   p o s i t i o n ,   t h e   s e c o n d  

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

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

d i t i o n   of  s a i d   s l e e v e   member   when  s i m u l t a n e o u s l y   p o s i t i o n e d  

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

a  c o m b i n a t i o n   c h a n g i n g   p o s i t i o n ,   a  c h a n g e   w a f e r   c h a m b e r  

f o r m e d   in  and  e x t e n d i n g   r a d i a l l y   t h r o u g h   s a i d   s l e e v e   m e m b e r ,  

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

w i t h   t h e   d r i v e r   p i n w a y   when  s a i d   s l e e v e   member   i s   p o s i t i o n e d  

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

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

member   f o r   a l l o w i n g   m o v e m e n t   of  s a i d   s l e e v e   member   to  i t s  

t h i r d   a x i a l   p o s i t i o n   when  s a i d   p l u g   member   i s   p o s i t i o n e d  

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

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

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

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

r o t a t i o n   of  s a i d   p l u g   member   f r o m   i t s   t h i r d   r o t a t i o n a l  

p o s i t i o n   to  i t s   f i r s t   r o t a t i o n a l   p o s i t i o n .  

13.  A  p i n   t u m b l e r   l o c k   as  c l a i m e d   in  c l a i m   11  

or  c l a i m   12,   w h e r e i n   s a i d   f i r s t   c o n n e c t i o n   means   c o m p r i s e s  

a  f l a n g e   member   e x t e n d i n g   r a d i a l l y   o u t w a r d   f r o m   s a i d   p l u g  

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

end  of  s a i d   h o u s i n g   m e m b e r ,   and  a  r e t a i n e r   member   a t t a c h e d  

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

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

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

s a i d   s e c o n d   c o n n e c t i n g   means   c o m p r i s e s   a  l o c k i n g   r e c e s s  



f o r m e d   in  s a i d   h o u s i n g   m e m b e r ,   and  an  o f f s e t   t ab   m e m b e r  

a t t a c h e d   to  s a i d   s l e e v e   member   and  e x t e n d i n g   i n t o   s a i d   l o c k -  

ing   r e c e s s   when  s a i d   s l e e v e   member   i s   p o s i t i o n e d   in  t h e  

f i r s t   and  s e c o n d   a x i a l   p o s i t i o n s .  

14.  A  p in   t u m b l e r   l o c k   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   11  to   13,  w h e r e i n   s a i d   a c t u a t i n g   means   c o m p r i s e s   a n  

a c t u a t i n g   member   c o n n e c t e d   r i g i d l y   to  s a i d   p l u g   and  e x t e n d -  

ing   r a d i a l l y   o u t w a r d   of  s a i d   p l u g   m e m b e r ,   and  an  a c t u a t i n g  

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

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

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

t h e i r   f i r s t   r o t a t i o n a l   and  f i r s t   a x i a l   p o s i t i o n s ,   s a i d  

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

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

a x i a l   p o s i t i o n   upon  c o n t a c t   w i t h   t h e   a c t u a t i n g   member   w h e n  

s a i d   p l u g   member   i s   r o t a t e d   f rom  i t s   f i r s t   r o t a t i o n a l   p o s i -  

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

means   c o m p r i s e s   a  r e s t o r i n g   t ab   member   o p e r a t i v e l y   a t t a c h e d  

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

m e m b e r ,   s a i d   r e s t o r i n g   t ab   member   f u r t h e r   c o m p r i s i n g   a t  

l e a s t   one  cam  s u r f a c e ,   and  a  r e s t o r i n g   p r o j e c t i o n   m e m b e r  

c o n n e c t e d   to  s a i d   s l e e v e   member   a t   a  p r e d e t e r m i n e d   p o s i t i o n ,  

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

r e s t o r i n g   p r o j e c t i o n   member   in  a x i a l l y   a l i g n e d   and  c o n t a c t -  

ing   r e l a t i o n   w i t h   s a i d   r e s t o r i n g   t a b   member   when  s a i d   p l u g  

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

in  t h e i r   f i r s t   r o t a t i o n a l   and  f i r s t   a x i a l   p o s i t i o n s ,   s a i d  



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

cam  s u r f a c e   a d a p t e d   to  c o n t a c t   t h e   cam  s u r f a c e   of  s a i d  

r e s t o r i n g   t ab   member   upon  s a i d   s l e e v e   member   b e i n g   p o s i t i o n e d  

in  t h e   s e c o n d   a x i a l   p o s i t i o n   and  s a i d   p l u g   member   b e i n g  

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

15.  A  p in   t u m b l e r   l o c k   as  c l a i m e d   in  c l a i m   1 2 ,  

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

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

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

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

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

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

p i n s   and  c h a n g e   w a f e r s   t r a n s p o s a b l e   f rom  one  c h a n g e   w a f e r  

c h a m b e r   i n t o   l o n e   l o c k i n g   s t a c k   a s s e m b l y   is   a t   l e a s t   o n e  

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

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

16.  A  p i n   t u m b l e r   l o c k   s u b s t a n t i a l l y   as  h e r e i n -  

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