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©  Combination  lock. 

Q>7)  The  present  invention  provides  a  permutation  lock  10 
comprising  a  housing  12-16  and  a  securing  element  18 
supported  by  the  housing  12-16  for  movement  into  and  out 
of  securing  engagement  for  closing  and  opening  the  lock  10. 
A  locking  structure  50,  52  and  structure  1  18  for  controlling  its 
operation  whereby  the  securing  element  18  may  be  opened 
by  an  authorised  user  are  supported  within  the  housing 
12-16.  The  control  structure  generally  includes  a  shaft  88,  a 
plurality  of  permutation  wheels  20  each  carrying  indicia  in  a 
sequence  about  its  outer  periphery,  and  an  equal  number  of 
cam  elements  104.  Both  the  permutation  wheels  20  and  the 
cam  elements  104  are  supported  for  rotation  on  the  shaft  88 

^   and  arranged  alternately  there-along  in  associate  pairs  of 
permutation  wheels  20  and  cam  elements  104.  The  cam 

N  elements  104  normally  are  engaged  with  the  associated 
0)  wheel  20  in  a  first  position,  rotationally  movable  conjointly 
*™  with  the  wheel  20  when  the  wheels  20  are  selectively  rotated 

from  one  angular  position  to  another,  and  provide  control  to 
«Jr  the  locking  structure  50,  52  to  permit  opening  of  the  lock  10 
£  when  the  permutation  wheels  20  and  cam  elements  104  are w  angularly  located  to  a  preset  combination. 
o  
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angularly  located  to  a  preset  combination. 



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

p r e v e n t i n g   open ing   of  t h e   p e r m u t a t i o n   l o c k .   In  t h e   o t h e r  

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

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

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

s h a c k l e   so  t h a t   t h e   l o c k   may  be  o p e n e d .  

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

p r i o r  a r t   w h i c h   a r e   a d d r e s s e d   by  V a h l s t r o m   and  F o o t e  

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

w h i c h   in   many  i n s t a n c e s   was  f o u n d   to  i m p a r t   u n a u t h o r i z e d  

m o v e m e n t   to   t h e   f i n g e r   of  t h e   b l o c k i n g   l e v e r .   The  " r a p p i n g "  

o p e r a t i o n ,   t h e r e f o r e ,   o f t e n t i m e s   r e s u l t e d   in   an  u n a u t h o r i z e d  

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

W h i l e   e a c h   of   t h e   p r i o r   a r t   p a t e n t s   d e s c r i b e   a  

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

i n v e n t i o n   i s   c o n s i d e r e d   to   be  an  i m p r o v e m e n t   u p o n   t h o s e  

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

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

as  w e l l .  

Summary  of   t h e   I n v e n t i o n  

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

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

f o r   m o v e m e n t   i n t o   and  o u t   of   s e c u r i n g   e n g a g e m e n t   f o r  

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

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

e l e m e n t   may  be  o p e n e d   by  an  a u t h o r i z e d   u s e r   a r e   s u p p o r t e d  

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

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

i n d i c i a   in   a  s e q u e n c e   a b o u t   i t s   o u t e r   p e r i p h e r y ,   and  a  p l u r a l -  

i t y   of  cam  e l e m e n t s   e q u a l   in   n u m b e r   to   t h e   n u m b e r   of  p e r m u -  

t a t i o n   w h e e l s .   B o t h   t h e   p e r m u t a t i o n   w h e e l s   and  t h e   c a m  

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

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



T e c h n i c a l   F i e l d  

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  a  l o c k   of   t h e  

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

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

B a c k g r o u n d   A r t  

P e r m u t a t i o n   l o c k s   a r e   w e l l - k n o w n   to   t he   p r i o r  

a r t .   E x e m p l a r y   of  t he   p r i o r   a r t   a r e   P a t e n t   Nos .   3 , 4 1 9 , 8 9 3  

to  C a r l   A.  V a h l s t r o m ,   3 , 9 8 3 , 7 2 4   and  4 , 0 4 7 , 4 0 6   b o t h   t o  

D a n i e l   J .   F o o t e .  

The  p r i o r   a r t   d i s c l o s u r e s   f o r   a l l   i n t e n t s   and  p u r p o s e s  

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

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

of  t h e   p r i o r   a r t   w h i c h   t h e y   a d d r e s s .   To  t h i s   e n d ,   t h e  

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

a  s h a c k l e   of   U - s h a p e d   o u t l i n e   c a r r i e d   by  t h e   h o u s i n g   a n d  

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

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

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

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

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

and  a  b l o c k i n g   l e v e r   h a v i n g   a  body   i n c l u d i n g   a  f i n g e r   a n d  

a  p l u r a l i t y   of   f o r k s .   The  b l o c k i n g   l e v e r   i s   d e s c r i b e d   a s  

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

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

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

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

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

n o r m a l l y   b i a s e d .   In  one  p o s i t i o n   of  t he   b l o c k i n g   l e v e r ,   t h e  

f i n g e r   i s   d i s p o s e d   b e t w e e n   t h e   b o l t s   t h e r e b y   to   p r e v e n t  



w h e e l s   and  cam  e l e m e n t s .   The  cam  e l e m e n t s   n o r m a l l y  

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

r o t a t i o n a l l y   m o v a b l e   c o n j o i n t l y   w i t h   t h e   w h e e l   when  t h e  

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

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

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

and  cam  e l e m e n t s   a r e   a n g u l a r l y   l o c a t e d   to  a  p r e s e t   c o m b i n a -  

t i o n .  

As  a n  . i m p o r t a n t   a s p e c t   of   t h e   p r e s e n t   i n v e n t i o n   a  

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

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

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

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

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

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

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

p o s i t i o n   i n   t h e   e v e n t   t h a t   a  new  p r e s e t   c o m b i n a t i o n   i s   t o  

be  p r o v i d e d .  

In   a n o t h e r   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

h o u s i n g   i n c l u d e s   an  o u t e r   h o u s i n g   and  an  i n n e r   h o u s i n g  

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

h o u s i n g .   A  b o r e   i s   f o r m e d   t h r o u g h   one  w a l l   of  t h e   o u t e r  

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

p i n   in   f o r c e   f i t   e n g a g e m e n t .   A  p a i r   of  b o r e s ,   one   of  w h i c h  

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

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

in   t h e   f o r m   of  a  U - s h a p e d   s h a c k l e .   The  p i n ,   in   a d d i t i o n  

to  u s e   in   t h e   a s s e m b l y   of   t h e   h o u s i n g ,   a l s o   s e r v e s   an  a d d i -  

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

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

h o u s i n g s   when  t h e   l o c k   i s   o p e n e d .  

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

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

e x t e n d s ' t o   t h e   r e g i o n   of  t h e   end  of  t h e   s h a f t .   A  key  w h i c h  



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

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

r e l o c a t e   t h e   s h a f t   and  cam  e l e m e n t s   f r o m   t h e   f i r s t   p o s i t i o n  

to   a  s e c o n d   p o s i t i o n   i s   r e c e i v e d   in   t h e   k e y w a y .   The  k e y  

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

t h e   s h a f t   and  cam  e l e m e n t s   in  t h e   s e c o n d   p o s i t i o n .  

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

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

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

to  b i a s   t h e - b l o c k i n g   l e v e r   in  one  d i r e c t i o n   of  p i v o t a l   m o v e -  

m e n t .   The  s p r i n g   i n c l u d e s   an  e x t e n s i o n   a t   one  end  and  a  

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

t h r o u g h   an  o p e n i n g   in  t h e   b l o c k i n g   l e v e r   and  t h e   e x t e n s i o n  

i s   c o n n e c t e d   to   t h e   h o u s i n g .   At  l e a s t   t h e   end  c o i l   i s   of   a  

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

t a i n   t h e   p o s i t i o n i n g   of  t h e   s p r i n g   w i t h i n   t h e   o p e n i n g .  

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

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

in   one   d i r e c t i o n   and  a  f i n g e r   e x t e n d i n g   f rom  t h e   c e n t r a l  

body   in   s u b s t a n t i a l l y   t h e   o p p o s i t e   d i r e c t i o n .   The  f i n g e r  

f u n c t i o n s   in  t h e   m a n n e r   as  d e s c r i b e d   by  V a h l s t r o m   and  F o o t e  

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

to   m o v e m e n t   and  i t s   s t r e n g t h .   P a r t i c u l a r l y ,   t h e   f i n g e r   i s  

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

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

e q u a l   to   a b o u t   o n e - h a l f   t h e   w i d t h   of  t h e   b o l t s .  



D e s c r i p t i o n   of   t h e   D r a w i n g  

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

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   an  e l e v a t i o n a l   v i e w ,   p a r t i a l l y   i n  

s e c t i o n ,   of   t h e   p a d l o c k   of  F i g .   1 ;  

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

p a d l o c k   i l l u s t r a t e d   in   F i g .   2  w i t h   t h e   b l o c k i n g   l e v e r  

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

F i g u r e   4  i s   a  v i e w   s i m i l a r   to   t h a t   of   F i g .   3  in   a  

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

to  t h e   r i g h t   ( i n   t h e   F i g u r e )   f o r   s e t t i n g   a  s e r i e s   o f  

p e r m u t a t i o n   w h e e l s ;  

F i g u r e   5  i s   a  v i e w   in   s e c t i o n   as  s e e n   a l o n g   t h e  

l i n e   5 -5   in   F i g .   2 ;  

F i g u r e   6  i s   a  p e r s p e c t i v e ,   e x p l o d e d   v i e w   of   a  p o r -  

t i o n   of   F i g s .  3   and   4 ;  

F i g u r e   7  i s   a  v i e w   in  s e c t i o n   as  s e e n   a l o n g   t h e  

l i n e   7 -7   in   F i g .   2 ;  

F i g u r e   8  i s   a  v i e w   in   s e c t i o n   as   s e e n   a l o n g   t h e  

l i n e   8-8   in   F i g .   2 ;  

F i g u r e   9  i s   a  v i e w   s i m i l a r   to   F i g .   8  a n d ,   s i m i l a r  

to  t h a t   of   F i g .   4,  i l l u s t r a t e s   t h e   s t r u c t u r e   in   a  

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

F i g u r e   10  i s   a  v i e w   in   e l e v a t i o n   of   a  s p r i n g .  



B e s t   Mode  f o r   C a r r y i n g  O u t   t h e   I n v e n t i o n  

The  p a d l o c k   10  of   t h e   p r e s e n t   i n v e n t i o n ,   r e f e r r i n g  

to  F i g s .   1  and  2,  i n c l u d e s   a  h o u s i n g   12  c o m p r i s i n g   a n  

o u t e r   h o u s i n g ;   a  h o u s i n g   14  p r o v i d i n g   a  h o u s i n g   f o r  

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

w h e e l s ,   as  w i l l   be  d e s c r i b e d ,   a  c o v e r   16  and  a  s h a c k l e  

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

end  o f   h o u s i n g   14  w i t h i n   t h e   r e g i o n   of  p e r m u t a t i o n   w h e e l s  

20.  To  t h i s   e n d ,   h o u s i n g   14  may  be  r e c e s s e d   t h r o u g h o u t  

i t s   end  f r o m . a   s h o u l d e r   22.  C o v e r   16  and  h o u s i n g   L4  m a y  

be  p e r m a n e n t l y   a s s e m b l e d   in  any  m a n n e r .   T h i s   s u b a s s e m b l y ,  

in  t u r n ,   i s   t e l e s c o p i c a l l y   r e c e i v e d   in  h o u s i n g   12.   I n  

t he   a s s e m b l e d   p o s i t i o n ,   i l l u s t r a t e d   in  F i g s .   1  a n d   2,  t h e  

l o w e r   s u r f a c e   of  c o v e r   16  i s   s l i g h t l y   r e c e s s e d   w i t h i n   t h e  

i n n e r   c o n f i n e s   of   h o u s i n g   12,   w h i l e   t h e   s e v e r a l   p e r m u t a t i o n  

w h e e l s   20,  more   p a r t i c u l a r l y   an  a r c u a t e   s u r f a c e   p o r t i o n   o f  

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

w i t h i n   t h e   e l o n g a t e d   a r c u a t e   c u t o u t   24  e x t e n d i n g   a l o n g  

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

The  h o u s i n g s   12,   14  and  c o v e r   16  s u b s t a n t i a l l y   c o m p l e t e l y  

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

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

c o v e r   and  t h e   l e n g t h   of  s h a c k l e   18  w h i c h   e x t e n d s   f r o m  

h o u s i n g   12.  A  p i n   26  is   p r o v i d e d   f o r   a s s e m b l y   of   h o u s i n g s  

12,  14.  To  t h i s   e n d ,   t h e   p i n   i s   r e c e i v e d   in  a  b o r e   27  i n  

h o u s i n g   12  and  i n t o   a  b o r e   e x t e n d i n g   c o a x i a l l y   t h r o u g h  

h o u s i n g   14.  The  p i n   i s   of   a  l e n g t h   to  e x t e n d   s u b s t a n t i a l l y  

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

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

of  t h e   h o u s i n g .  

H o u s i n g   1 4  i s   p r o v i d e d   w i t h   a  p l u r a l i t y   of   b o r e s   f o r  

r e c e i p t   of  s h a c k l e   18.   To  t h i s   e n d ,   a  b o r e   28  and  a  c o u n t e r -  

b o r e   30  p r o v i d i n g   a  s h o u l d e r   32  ( t o w a r d   t h e   u p p e r   end  o f  

h o u s i n g  1 4 )   a r e   l o c a t e d   a d j a c e n t   one   end ,   w h i l e   a  b o r e   34 



i s   l o c a t e d   a d j a c e n t   t h e   o t h e r   end  of   t h e   h o u s i n g .   T h e  

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

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

p e r h a p s   b e s t   s e e n   i n   F i g .   2,  a  p o r t i o n   of  t h e   s u r f a c e   o f  

p i n   26  e x t e n d s   i n t o   b o r e   30  a l o n g   a  s e c a n t .   The  p i n  

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

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

12 ,   1 4  a n d ,   as  w i l l   be  d e v e l o p e d   b e l o w ,   t h e   p i n   s e r v e s   t h e  

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

13  f rom  t h e   c o n f i n e s   of   p a d l o c k   10  when  t h e   p e r m u t a t i o n  

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

may  be  o p e n e d .  

R e f e r r i n g   to   F i g .   7,  a  c u t o u t   36  of  e l o n g a t e d ,   r e c t a n -  

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

b e t w e e n   b o r e s   30,   34  to   d e f i n e   a  p a i r   of  w a l l s ,   38,   4 0 .  

The  s h a c k l e   18  i s   r e c e i v e d   by  p a d l o c k   10  f o r   m o v e m e n t  

b e t w e e n   o p e n   and  c l o s e d   p o s i t i o n s .   The  s h a c k l e   i n c l u d e s  

a  l o n g   l e g   w h i c h   e x t e n d s   i n t o   b o r e s   28,  30  and  a  s h o r t   l e g  

18a  w h i c h   e x t e n d s   i n t o   b o r e   34.   The  l o n g   l e g   i n c l u d e s   a n  

a n n u l a r   c u t o u t   18b  s u b s t a n t i a l l y   a t   m i d l e n g t h ,   p r o v i d i n g  

an  u p p e r   and  a  l o w e r   s h o u l d e r   1 8 c ,   1 8 d ,   r e s p e c t i v e l y ,   a n d  

a  d i s t a l   l e n g t h   18e   of   a  d i a m e t e r   s u b s t a n t i a l l y   e q u a l   t o  

t h a t   of  t h e   m i d l e n g t h .   The  l e g s   e x t e n d   i n t o   t h e   b o r e s  

t h r o u g h   c o a x i a l l y   a l i g n e d   b o r e s   42 ,   44  in   h o u s i n g   1 2 .  

Each   l e g   i n c l u d e s   a  n o t c h   as  i s   c o n v e n t i o n a l   in  p a d l o c k  

c o n s t r u c t i o n s   of   t h e   p r e s e n t   i n v e n t i o n .   To  t h i s   e n d ,   a  

n o t c h   46  i s   f o r m e d   in   t h e   p r o x i m a l   l e n g t h   18f  of   t h e   l o n g  

l e g ,   and  a  n o t c h   48  i s   f o r m e d   in   t h e   s h o r t   l eg   1 8 a .   T h e  

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

A  p a i r   of  b o l t s   50,  52  a r e   r e c e i v e d   in  c u t o u t   3 6 .  

P r e f e r a b l y ,   t h e   b o l t s   a r e   in   t h e   f o rm  of   a  r e c t a n g u l a r   b o d y  

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

w i t h   t h e   n o t c h e s   46,   48.  As  i l l u s t r a t e d   in  F i g .   7,  t h e  

b o l t s   a r e   s u b j e c t e d   to   an  o u t w a r d l y   b i a s   i n t o   c o o p e r a t i n g  



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

a  p i n   54  may  be  c a r r i e d   by  one  b o l t ,   f o r   e x a m p l e ,   b o l t  

52  to   e x t e n d   in   a  d i r e c t i o n   t o w a r d   and  i n t o   a  b o r e   56  

in  b o l t   50.   A  s p r i n g   58  i s   s u p p o r t e d   w i t h i n   b o r e   5 6 ,  

a r o u n d   p i n   54,   in   a  c o n d i t i o n   of   c o m p r e s s i o n   t h e r e b y   t o  

p r o v i d e   an  o u t w a r d   b i a s   to   t h e   b o l t s   50,  52.  E a c h   b o l t  

50,  52  i n c l u d e s   a  p a i r   of  n o t c h e s   60  g e n e r a l l y   o f   r e c t a n -  

g u l a r   o u t l i n e   ( s e e   F i g .   7 ) .   The  n o t c h e s   a r e   l o c a t e d   o n  

o p p o s i t e   s i d e s   of   t h e   p i n   54  and  a c r o s s   b o r e   56 ,   and  i n  

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

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

w h i l e   t h e y   a r e   c o m p r e s s i v e l y   l o a d e d   by  s p r i n g   58,   n o r -  

m a l l y   ( t h a t   i s ,   when  t h e   p a d l o c k   10  i s   l o c k e d )   w i l l   l o c a t e  

c l o s e r   t o g e t h e r   t h a n   i l l u s t r a t e d   in   F i g .   7  to   r e t a i n   t h e  

f i n g e r   o f   t h e   b l o c k i n g   l e v e r   in   t h e   p o s i t i o n   as  i s   i l l u -  

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

a c t i o n   of   s h a c k l e   18  w h i c h   n o r m a l l y   i s   u r g e d   t o   t h e  

o p e n e d   p o s i t i o n .   F i g .   7  a c t u a l l y   i l l u s t r a t e s   t h e   p o s i t i o n  

t a k e n   by  b o l t s   50,  52  when  s h a c k l e   18  i s   p u s h e d   i n w a r d l y  

of   t h e   p a d l o c k ,   and  t he   p o s i t i o n   to   w h i c h   t h e   b o l t s   m u s t  

l o c a t e   i f   t h e   p a d l o c k   i s   to   be  o p e n e d .  

R e f e r r i n g   a g a i n   to   F i g .   2,  s h a c k l e   18  i s   i l l u s t r a t e d  

in  c l o s e d   p o s i t i o n .   A  s p r i n g   62  i s   d i s p o s e d   w i t h i n   b o r e   3 0  

f o r   t h e   s t a t e d   p u r p o s e   of  b i a s i n g   s h a c k l e   18  to   t h e   o p e n  

p o s i t i o n .   The  s p r i n g   i s   d i s p o s e d   on  s h o u l d e r   32  and  a c t s  

b e t w e e n   t h e   s h o u l d e r   and  a  s h o u l d e r   18g  a t   t h e   end   of   t h e  

d i s t a l   l e n g t h   18e  of  t h e   l o n g   l e g   of   t h e   s h a c k l e .   When  t h e  

s h a c k l e   i s   c a p a b l e   of  b e i n g   o p e n e d ,   t h a t   i s ,   when   t h e   p e r -  

m u t a t i o n   w h e e l s   20  a r e   p r o p e r l y   a l i g n e d   and  t h e   a c t i o n   p r e -  

v i o u s l y   d e s c r i b e d   to   l o c a t e   t h e   b o l t s   50,  52  h a s   b e e n  

c a r r i e d   o u t ,   t h e   l o n g   l eg   of  t h e   s h a c k l e   may  be  m o v e d -  

a x i a l l y   t h r o u g h   a  d i s t a n c e   s u b s t a n t i a l l y   e q u a l - t o   t h e   d i s t a n c e  

b e t w e e n   p i n   26  and  s h o u l d e r   18d .   T h u s ,   p i n   26  s e r v e s   a  d u a l  

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



h o u s i n g s   12 ,   14,   and  t h e   a d d i t i o n a l   f u n c t i o n   of   p r o v i d i n g  

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

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

s u r f a c e   64  of   b o r e   34,  a l s o   l i m i t s   a x i a l   m o v e m e n t   of   t h e  

s h a c k l e   to   t h e   p a d l o c k   c l o s e d   p o s i t i o n .  

R e f e r r i n g   to   F i g s .   2  and  6,  h o u s i n g   14  i s   s u b s t a n t i a l l y  

o p e n   b e l o w   w a l l   66  d e f i n i n g   t h e   l o w e r   s u r f a c e   o f   c u t o u t   3 6 ,  

w i t h i n   t h e   r e g i o n   b o u n d e d   by  w a l l s   68,  70  and  72 .   The  w a l l  

68  ( s e e   F i g .   6)  may  be  c o n s i d e r e d   a  r e a r   w a l l   w h i l e   t h e  

w a l l s   70,   72  may  be  c o n s i d e r e d   s i d e   w a l l s   w h i c h   e x t e n d   f r o m  

t h e   r e a r   w a l l   t o w a r d   t h e   f r o n t   of   t h e   h o u s i n g .   A  b o r e   74  

i s   f o r m e d   w i t h i n   w a l l   70,  and  a  b o r e   76  i s   f o r m e d   w i t h i n  

w a l l   72.   W a l l   72 ,   as  may  be  a p p r e c i a t e d   f rom  F i g s .   2,  3 

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

n o t   f u l l y   s h o w n   i n   F i g .   6.  As  d i s c u s s e d ,   b o r e s   28,   3 0  

e x t e n d   t h r o u g h   w a l l   72  of   h o u s i n g   14,   f r o m   t h e   t o p   of   t h e  

h o u s i n g   to   t h e   b o t t o m ,   and  a  s l o t   78  s u b s t a n t i a l l y   in   c o -  

a x i a l   a l i g n m e n t   w i t h   k e y h o l e   80  in   c a s i n g   12  e x t e n d s   t h r o u g h  

w a l l   72  in   a  d i r e c t i o n   n o r m a l   t o   b o r e s   28,  30  t o w a r d   b o r e  

76.   The  u p p e r   s u r f a c e   of   s l o t   78  i s   c o e x t e n s i v e   w i t h   t h e  

s u r f a c e   of  b o r e   72 .   An  o p e n i n g   82  g e n e r a l l y   of   r e c t a n g u l a r  

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

b o r e   72 ,   t e r m i n a t i n g   a t   t h e   b o t t o m   s u r f a c e   of  s h o u l d e r   3 2 .  

C o v e r   16 ,   as   p r e v i o u s l y   i n d i c a t e d ,   p r o v i d e s   a  c l o s u r e  

a t   t h e   b o t t o m   of   h o u s i n g   14  t h e r e b y   to   c l o s e   t h e   e n t r y   i n t o  

o p e n i n g   82.  C o v e r   16 ,   f u r t h e r , . i n c l u d e s   a  s l o t   84  in   o n e  

s u r f a c e   a t   l e a s t   c o e x t e n s i v e   in   l e n g t h   to   t h a t   of   s l o t   7 8 ,  

and  t h e   o p p o s i t e   s u r f a c e   of   c o v e r   16  p r o v i d e s   a  c l o s u r e   8 6  

a t   t h e   end  of   b o r e   7 4 .  

S h a f t   88  i s   r e c e i v e d   in   t h e   b o r e s   74,  76.  The  s h a f t  

i s   of  a  d i a m e t e r   s u b s t a n t i a l l y   e q u a l   to   t he   d i a m e t e r   o f  

b o r e   76,  and  t h e   l e f t   end  (as   s e e n   in   F i g s .   3  and   4)  i s  

s u p p o r t e d   in   t h e   b o r e .   A  cup  90  i s   c a r r i e d   a t   t h e   r i g h t  

end  o f  t h e   s h a f t .   The  cup  i n c l u d e s   a  r e c e s s   and   a  w a l l  



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

b o r e   74  f o r   s u p p o r t   of   t h e   r i g h t   end  of  t h e   s h a f t .   A 

s p r i n g   92  i s   s u p p o r t e d   w i t h i n   t h e   r e c e s s   of  t h e   c u p  
a r o u n d   t h e   s h a f t .   The  s p r i n g   a c t s   b e t w e e n   t h e   s u r f a c e  

of  t h e   r e c e s s   and   c l o s u r e   86  t h e r e b y   t o  n o r m a l l y   b i a s  

t h e   s h a f t   to   t h e   l e f t   as   r e p r e s e n t e d   by  t h e   a r r o w   9 4 .  

The  p e r m u t a t i o n   w h e e l s   20  and  a  l i k e   n u m b e r   o f  

c l u t c h e s   96  a r e   c a r r i e d   by  s h a f t   88.   In  t h e   e m b o d i m e n t  

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

c l u t c h e s ,   i d e n t i f i e d   as   c l u t c h   9 6 a ,   9 6 b ,   96c  a n d   9fid 

f r o m   l e f t   to   r i g h t   in   F i g s .   3  and  4.  R e f e r r i n g   t o  F i g s .  

3,  4  a n d   6,  t h e   c l u t c h e s   96  a r e   e a c h   f o r m e d   w i t h   a  p l a t e  

104  and   a  c o l l a r   1 0 6 .   More   s p e c i f i c a l l y ,   c l u t c h e s   9 6 a ,  

96b  and   96c  i n c l u d e   a  c o l l a r   w h i c h   i s   s u b d i v i d e d   i n t o  

c o l l a r s   106a   and  1 0 6 b   by  t h e   p l a t e   w h i c h   e x t e n d s   f r o m  

t h e   c o l l a r .   The  c l u t c h   9 6 d ,   on  t h e   o t h e r   h a n d ,   i n c l u d e s  

a  c o l l a r   1 0 6 a ,   w h i l e   t h e   p l a t e   104  of   t h e   c l u t c h   i s   i n  

s u r f a c e - t o - s u r f a c e   e n g a g e m e n t   w i t h   t h e   end  w a l l   of  cup  9 0 .  

The  c o l l a r s 1 0 6   o f   t h e   s e v e r a l   c l u t c h e s   96  a r e   s u p p o r t e d  

on  s h a f t   88  and  e x t e n d   in   a b u t t i n g   r e l a t i o n   a l o n g   t h e   l e n g t h  

of   t h e   s h a f t   f r o m   a  p o s i t i o n   j u x t a p o s e d   a  c l i p   108  to  t h e  

p o s i t i o n   of   c o n t a c t   w i t h   cup   90.   The  c l i p   may  be  a  C - c l i p  

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

a  s h o u l d e r   f o r   c o l l a r   1 0 6 a   of   c l u t c h   9 6 a .   In   t h e   F i g .   3 

p o s i t i o n   of   s h a f t   88  e a c h   p e r m u t a t i o n   w h e e l   20  i s   c a r r i e d  

by  c o l l a r   106a   of   a  r e s p e c t i v e   c l u t c h   9 6 a ,   and   so  f o r t h ,  

w h i l e   in   t h e   F i g .   4  p o s i t i o n   of   s h a f t   88  e a c h   p e r m u t a t i o n  

w h e e l   20  i s   c a r r i e d   e i t h e r   by  c o l l a r   106a   of  a  c l u t c h   ( t h e  

c l u t c h   96a )   or   c o l l a r s   1 0 6 a ,   106b   of   a d j a c e n t   c l u t c h e s  

( t h e   c l u t c h e s   9 6 a ,   9 6 b ,   f o r   e x a m p l e ) .  

The   p e r m u t a t i o n   w h e e l s   20  in  b o t h   t h e   F i g .   3  and  F i g .  

4  p o s i t i o n s   of  s h a f t   88  r e m a i n   s u b s t a n t i a l l y   f i x e d   a x i a l l y .  

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

a r c u a t e   r e c e s s   b e t w e e n   a d j a c e n t ,   s p a c e d   w a l l s   i n c l u d i n g   s i d e  



w a l l s   70 ,   72  and  i n t e r m e d i a t e   w a l l s   f o r m i n g   r i d g e s   1 0 0  

w h i c h   e x t e n d   o u t w a r d l y   of  r e a r   w a l l   68.  A  p l u r a l i t y   o f  

r i b s   102  of   a r c u a t e   o u t l i n e   f o r m e d   a d j a c e n t   s p a c e d   s l o t s  

in   c o v e r   16  p r o v i d e   a d d i t i o n a l   a x i a l   s t a b i l i z a t i o n   f o r  

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

t h r o u g h   t h e   c o v e r .  

The  p u r p o s e   of   t h e   m o v e m e n t   c a p a b i l i t y   o f   s h a f t   88 

in   t h e   d i r e c t i o n   of   a r r o w   98,   a g a i n s t   t h e   n o r m a l   b i a s   o f  

s p r i n g   92  t o   t h e   F i g .   4  p o s i t i o n ,   i s   to   r e o r d e r   t h e   p a r t i -  

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

be  d i s c u s s e d   b e l o w .  

The  c o l l a r s   106a   a r e   of   g r e a t e r   e x t e n d i n g   l e n g t h   t h a n  

a r e   c o l l a r s   1 0 6 b .   A  p r o j e c t i o n   110  and  p r e f e r a b l y   a  p a i r  

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

c o l l a r   1 0 6 a .   The  p r o j e c t i o n s   a r e   j u x t a p o s e d   t o   t h e   p l a t e  

a n d ,   as   i l l u s t r a t e d   in   t h e   F i g u r e s ,   t h e   p r o j e c t i o n s   a r e   o n  

t h e   s i d e   o f   t h e   p l a t e   t o w a r d   c l i p   108 .   E a c h   c o l l a r   1 0 6 a  

i s   of  a  l e n g t h   s u b s t a n t i a l l y   e q u a l   to   t h e   w i d t h   d i m e n s i o n  

of  t h e   p e r m u t a t i o n   w h e e l   20  w h i c h   i t   s u p p o r t s .  

R e f e r r i n g   to   F i g .   6,  t h e   p e r m u t a t i o n   w h e e l s   20  i n c l u d e  

an  a n n u l a r   b o d y   112  and  an  i n n e r   a n n u l a r   web  1 1 4 .   A  p l u -  

r a l i t y   of   g r o o v e s   116  a r e   f o r m e d   in   t h e   s u r f a c e   of   t h e   w e b  

f a c i n g   t h e   p r o j e c t i o n s .   A  s i n g l e   g r o o v e   i s   p r o v i d e d   f o r  

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

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

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

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

p r o j e c t i o n s   110  on  c o l l a r s   1 0 6 a .  

W i t h   c o n t i n u e d   r e f e r e n c e   to   F i g .   6,  one   i s   p e r h a p s   b e s t  

a b l e   t o   a p p r e c i a t e   t h e   o v e r a l l   o u t l i n e   of  t h e   p l a t e   104  o f  

e a c h   c l u t c h   96 .   To  t h i s   e n d ,   t h e   p l a t e s   i n c l u d e   a  f l a t   c a m  

s u r f a c e   1 0 4 a ,   a  p a i r   of  a r c u a t e   s u r f a c e s   104b   e x t e n d i n g   f r o m  

e a c h   end  of   t h e   f l a t   and  a  n o t c h   104c  l o c a t e d   d i a m e t r i c a l l y  

o p p o s i t e   t h e   f l a t .  



A  b l o c k i n g   l e v e r   1 1 8 ,   w h i c h   p e r h a p s   may  be  b e s t  

s e e n   in   F i g .   2,  i s   s u p p o r t e d   by  h o u s i n g   14  f o r   p i v o t a l  

m o v e m e n t   a b o u t   a  p a i r   of  p i v o t   a x e s   l o c a t e d   in   w a l l s   7 0 ,  

72.  A  p l u r a l i t y   of   f o r k s   120  e x t e n d   f r o m   a  c e n t r a l   b o d y  

p o r t i o n   as  a  p a r a l l e l ,   s p a c e d   f a m i l y   of   f o r k s ,   and  a  

f i n g e r   122  e x t e n d s   in  s u b s t a n t i a l l y   t h e   o p p o s i t e   d i r e c t i o n  

f rom  t h e   c e n t r a l   b o d y   p o r t i o n .   The  s e v e r a l   f o r k s   e x t e n d  

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

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

f a c e s   104a   and  104b  of  i n d i v i d u a l   p l a t e s ,   b u t   in   r e a l i t y  

a  s i n g l e   cam  s u r f a c e   1 0 4 b   of  any  p l a t e   p r i m a r i l y   w i l l  

c o n t r o l   m o v e m e n t   of   t h e   b l o c k i n g   l e v e r .   T h i s ,   o b v i o u s l y ,  

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

20  and  c l u t c h   96a ,   96b ,   . . .   so  t h a t   t h e   s e v e r a l   f o r k s   m a y  

move  i n t o   c o n t a c t   w i t h   cam  s u r f a c e s   1 0 4 a .  

A  p a i r   of  k n i f e   e d g e s   124  e x t e n d   to   t h e   r e a r   a t  

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

l e v e r   1 1 8 .   The  k n i f e   e d g e s   a r e   l o c a t e d   to   c o o p e r a t e   i n  

g r o o v e s   126  f o r m e d   in   w a l l s   70,   72.   A  s p r i n g   128  in   t h e  

f o r m   of   an  e x t e n s i o n   s p r i n g   i s   s u p p o r t e d   b e t w e e n   w a l l   68  

and  l e v e r   118.   The  s p r i n g   i n c l u d e s   a  p l u r a l i t y   of   c o i l s  

a t   one   end  r e c e i v e d   t h r o u g h   a  h o l e   132  in   t h e   b l o c k i n g  

l e v e r   and   an  e x t e n s i o n   a t   t h e   o t h e r   end  r e c e i v e d   a r o u n d  

w a l l   68  and  t h r o u g h   a  b o r e   130  in   t h e   w a l l .   At  l e a s t   t h e  

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

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

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

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

t h e   w a l l   68,  and  b i a s e s   t h e   b l o c k i n g   l e v e r   118  in   a  c l o c k -  

w i s e   d i r e c t i o n   ( s e e   F i g .   5)  to  l o c a t e   f i n g e r   122  w i t h i n  

g r o o v e   134  in  w a l l   40.   T h u s ,   t h e   f i n g e r   i s   p i v o t e d   o u t  o f  

l o c k i n g   e n g a g e m e n t   w i t h i n   t h e   r e g i o n   b e t w e e n   b o l t s   50,  5 2 .  

W i t h   c o n t i n u e d   r e f e r e n c e   to   F i g .   7,  i t   may  be  s e e n   t h a t   t h e  

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



3 e p t h   of   g r o o v e   1 3 4 .   T h i s   w i d t h   d i m e n s i o n   p r o v i d e s  

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

a g a i n s t   m o v e m e n t   as  a  c o n s e q u e n c e   o f   u n a u t h o r i z e d   m a n i -  

p u l a t i o n ,   r a p p i n g ,   and  so  f o r t h .   F u r t h e r ,   t h e   w i d t h  

d i m e n s i o n   and  t h e   f a c t   t h a t   t h e   w i d t h   d i m e n s i o n   s u b s t a n -  

t i a l l y   e q u a l s   t h e   d e p t h   of  t h e   g r o o v e ,   r e q u i r e s   t h a t   t h e  

f i n g e r   move  t h r o u g h o u t   i t s   e n t i r e   a r c   o f   m o v e m e n t   i n t o  

t h e   g r o o v e   b e f o r e   s h a c k l e   18  of   p a d l o c k   10  may  be  r e -  

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

t h e   p a d l o c k   w i t h   a  g r e a t e r   d e g r e e   o f   p r e v e n t i o n   t o  t a m p e r i n g .  
When  i t   s h a l l  b e   d e s i r e d   to   o p e n   s h a c k l e   18  of  p a d l o c k  

10,  t h e   s e v e r a l   p e r m u t a t i o n   w h e e l s   20  a r e   r o t a t e d   r e l a t i v e  

to  s h a f t   88  to   d i s p o s e   t h e   p r o p e r   n u m e r i c   i n d i c i a   of   t h e  

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

g r o o v e s   136  in   r i b s   102  of  c o v e r   16 .   M o v e m e n t   o f   e a c h  

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

c l u t c h   96  t h r o u g h   e n g a g e m e n t   of  p r o j e c t i o n s   110  in   g r o o v e s  
116 .   When  t h e   p r o p e r   n u m e r i c   i n d i c i a   f o r   o p e n i n g   t h e  

c o m b i n a t i o n   l o c k   i s   l o c a t e d   a d j a c e n t   g r o o v e s   1 3 6 ,   e a c h   o f  

t h e   c l u t c h e s   96  w i l l   be  d i s p o s e d   in   t h e   p o s i t i o n   i l l u s t r a t e d  

in   F i g .   6.  In  m o v e m e n t   of   t h e   p e r m u t a t i o n   w h e e l s ,   t h e   f o r k s  

120  of   b l o c k i n g   l e v e r   118  f o l l o w   t h e   i n d i v i d u a l   cam  s u r f a c e s  

104b   o f   p l a t e   1 0 4 .   The  a c t i o n   i s   one   t h a t   c a u s e s   p i v o t a l  

m o v e m e n t   of   t h e   b l o c k i n g   l e v e r   t o   l o c a t e   f i n g e r   122  b e t w e e n  

b o l t s   50,  52.   The  cam  s u r f a c e   1 0 4 b ,   t h u s ,   o v e r c o m e s   t h e  

b i a s   i m p a r t e d   t h e   b l o c k i n g   l e v e r   by  s p r i n g   128  w h i c h ,   a s  

p r e v i o u s l y   i n d i c a t e d ,   t e n d s   to   u r g e   t h e   f o r k s   120  of  t h e  

b l o c k i n g   l e v e r   in   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 .   A c t u a l l y ,  

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

f o r k s   120  a r e   c a p a b l e   of  m o v i n g   i n t o   j u x t a p o s e d   p o s i t i o n  

a d j a c e n t   t h e   cam  s u r f a c e s   1 0 4 a ,   r e a d i e s   t h e   p a d l o c k   10  t o  

be  o p e n e d .   To  t h i s   end ,   i t   s h o u l d   be  r e c a l l e d   t h a t   t h e   l o n g  

l eg   of   s h a c k l e   18  i s   c o m p r e s s i v e l y   l o a d e d   t h e r e b y   c o n s t a n t l y  

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

b i a s   i m p a r t e d   by  s p r i n g   62  o v e r c o m e s   t h e   f o r c e   of   s p r i n g   58  



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

w i t h i n   c u t o u t   36  and  c a u s e s   t h e   b o l t s   to   move  t o w a r d  

one  a n o t h e r .   T h u s ,   f i n g e r   122  i s   c a p t u r e d   w i t h i n   t h e  

o p p o s e d   n o t c h e s   60  in  t h e   c o n f r o n t i n g   f a c e s   of   t h e  

b o l t s .   As  p e r h a p s   b e s t   s e e n   in   F i g .   7,  t h e   f i n g e r  

i n c l u d e s   a  p a i r   of   o p p o s i t e   e x t e n s i o n s   138  w h i c h   a c t  

w i t h i n   t h e   n o t c h e s   when  t h e   b o l t s   a r e   moved  to   a  c o n -  

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

of  t h e   p o s i t i o n   of  c l u t c h e s   96  m o v e m e n t   o f  f i n g e r   1 2 2  

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

p r e v e n t e d .   An  i n w a r d   un lock ing   p r e s s u r e   on  t h e   s h a c k l e  

of  t h e   p a d l o c k ,   a g a i n s t   t h e   b i a s   of   s p r i n g   62,  w i l l  

e l i m i n a t e   t h e   l o a d i n g   on  b o l t s   50,   52  so  t h a t   t h e   b o l t s  

a r e   c a p a b l e   of  m o v e m e n t   away  f rom  one  a n o t h e r   u n d e r  

c o n t r o l   of  s p r i n g   58.  At  t h i s   t i m e   t h e   f i n g e r   of  t h e  

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

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

s u r f a c e s   1 0 4 a .   F i n g e r   122 ,   t h u s ,   moves   i n t o   t h e   r e g i o n  

of  g r o o v e   1 3 4 .  

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

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

t h e   r e g i o n   b e t w e e n   a d j a c e n t   n u m e r i c   i n d i c i a .   A  d e t e n t  

140  i n c l u d i n g   a  p l u r a l i t y   of  a r m s   142  i s   s u p p o r t e d   b y  

w a l l   68  so  t h a t   t h e   a rms   e x t e n d   i n t o   t h e   o p e n i n g   and   i n t o  

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

w h e e l s .   E a c h   arm  i n c l u d e s   a  r o u n d e d   t i p   w h i c h   l o c a t e s  

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

one  n u m e r i c   i n d i c i a   l o c a t i o n   to  a n o t h e r .   Each   arm  p r o v i d e s  

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

c o n t r o l s   in  t h e   p o s i t i o n   to   w h i c h   i t   is   r o t a t e d .  

When  i t   i s   d e s i r 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  

p a d l o c k ,   i t   i s   n e c e s s a r y   to   d i s e n g a g e   e a c h   c l u t c h   96  f r o m  

t h e   p e r m u t a t i o n   w h e e l   20  w i t h   w h i c h   i t   i s   n o r m a l l y   e n g a g e d .  

The  c o m b i n a t i o n   may  be  c h a n g e d   o n l y   when  t he   s h a c k l e   18  



is  in  t h e   o p e n   p o s i t i o n   so  t h a t   e n t r y   may  be  g a i n e d   t o  

the  r e g i o n   of   b o r e   76  ( s e e   F i g s .   4  and   9 ) .   As  i l l u s t r a t e d  

in  F i g s .   3  and  8,  t h e   e n t r y w a y   o t h e r w i s e   i s   b l o c k e d   b y  

the  d i s t a l   end  18e  o f   s h a c k l e   1 8 .  

A  key   144  i s   p r o v i d e d   f o r   t h e   p u r p o s e   of   c h a n g i n g  

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

in  t h e   o p e n   p o s i t i o n .   To  t h i s   e n d ,   key   1 4 4  i s   r e c e i v e d  

t h r o u g h   k e y h o l e   80  i n   c a s i n g   12,   t h r o u g h   s l o t s   78 ,   84 

and  o p e n i n g   82  in   h o u s i n g   14  and  c o v e r   16  and  i n t o   c o n -  

t a c t   w i t h   t h e   end   of   s h a f t   88.  A x i a l   m o v e m e n t   o f   t h e   k e y  

a g a i n s t   t h e   f o r c e   of   s p r i n g   92  e x e r t e d   on  s h a f t   88  c a u s e s  

t h e   s h a f t   to   move  in   t h e   d i r e c t i o n   of   a r r o w   98  t o   l o c a t e  

in  t h e   F i g .   4  p o s i t i o n .   Key  144  i s   f o r m e d   w i t h   a  p r o j e c -  

t i o n   146  and  u p o n   a  q u a r t e r   t u r n   r o t a t i o n ,   when  t h e   k e y  

i s   f u l l y   r e c e i v e d ,   t h e   p r o j e c t i o n   w i l l   move  i n t o   t h e   o p e n i n g  

82  to   p o s i t i o n a l l y   l o c a t e   b o t h   t h e   key  and  t h e   s h a f t   t o  

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

As  p r e v i o u s l y   i n d i c a t e d ,   a  c l i p   108  i s   s u p p o r t e d  

w i t h i n   an  a n n u l a r   c u t o u t   in   s h a f t   88  so  t h a t   m o v e m e n t   o f  

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

c l u t c h e s   96  and  t h e   cup   90.  The  p r o j e c t i o n s   110  of   e a c h  

c l u t c h   96,   t h e r e f o r e ,   w i l l   d i s e n g a g e   f rom  t h e   g r o o v e s   1 1 6  

of  t h e   p e r m u t a t i o n   w h e e l   20  w i t h   w h i c h   i t   i s   a s s o c i a t e d .  

A  p l u r a l i t y   of   l u g s   148  a r e   p r o v i d e d   f o r   p u r p o s e s   o f  

r o t a t i o n a l l y   l o c k i n g   e a c h   c l u t c h   96.  A  lug   i s   c a r r i e d   b y  

e a c h   r i d g e   100  ( s e e   F i g .   6)  and  w a l l   70  in   p o s i t i o n   t o  

e n g a g e   in   t h e   n o t c h   1 0 4 c   o f   e a c h   c l u t c h   96  when  moved   t o  

t h e   F i g .   4  p o s i t i o n .   W h i l e   t h e   c l u t c h e s   a r e   f i x e d ,   e a c h  

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

moved  r o t a t i o n a l l y   to   any   p a r t i c u l a r   a n g u l a r   p o s i t i o n  

t h e r e b y   to  s e t   a  d i f f e r e n t   c o m b i n a t i o n .   A f t e r   s e t t i n g   t h e  

c o m b i n a t i o n ,   key   144  i s   r e m o v e d   f rom  t h e   p a d l o c k   10.   T h e  

s h a f t   88  and  t h e   s e v e r a l   c l u t c h e s   96,  t h e r e f o r e ,   r e t u r n   t o  

t he   F i g .   3  p o s i t i o n   u n d e r   c o n t r o l   of   s p r i n g   92  and   t h e  



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

new  a n g u l a r   p o s i t i o n   f o r   c o n j o i n t   m o v e m e n t   w i t h   t h e  

w h e e l .   In  t h e   F i g .   3  p o s i t i o n ,   t h e   n o t c h e s   1 0 4 c   o f  

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

f rom  t h e   s e v e r a l   l u g s   1 4 8 .  



1.  A  p e r m u t a t i o n   l o c k . ( 1 0 )  c o m p r i s i n g   t h e   c o m b i n a t i o n  

of  a  h o u s i n g . ( 1 2 ) ,   a  s e c u r i n g   e l e m e n t . ( 1 8 ) . s u p p o r t e d   by  s a i d  

h o u s i n g . ( 1 2 ) . a n d   m o v a b l e   i n t o   and  o u t   of  s e c u r i n g   e n g a g e m e n t  

f o r   o p e n i n g   and  c l o s i n g   s a i d   l o c k . ( 1 0 ) ,   l o c k i n g   m e a n s . ( 5 0 ,  

5 2 ) . s u p p o r t e d   w i t h i n   s a i d   h o u s i n g . ( 1 2 ) ,   m e a n s . ( 5 8 ) . f o r  

c o n t r o l   of   s a i d   l o c k i n g   m e a n s . ( 5 0 , 5 2 ) . t h e r e b y   e i t h e r   t o  

m a i n t a i n   s a i d   s e c u r i n g   e l e m e n t . ( 1 8 ) . i n   t h e   c l o s e d   s e c u r i n g  

e n g a g e m e n t   or  as  d e t e r m i n e d   by  p r o p e r   m a n i p u l a t i o n   o f  

p e r m u t a t i o n   w h e e l s . ( 2 0 ) . t o   a  p r e s e t   c o m b i n a t i o n   to   p e r m i t  

s a i d   s e c u r i n g   e l e m e n t . ( 1 8 ) . t o   move  to  an  o p e n e d   p o s i t i o n ,  

s a i d   c o n t r o l   means   i n c l u d i n g   a  s h a f t . ( 8 8 ) . s u p p o r t e d   w i t h i n  

s a i d   h o u s i n g . ( 1 2 ) ,   a  p l u r a l i t y   of  p e r m u t a t i o n   w h e e l s . ( 2 0 ) .  

e a c h   c a r r y i n g   i n d i c i a   in   a  s e q u e n c e   a b o u t   an  o u t e r   p e r i p h e r y ,  

a  l i k e   p l u r a l i t y   of  cam  e l e m e n t s . ( 1 0 4 ) ,   e a c h   s a i d   p e r m u t a t -  

i on   w h e e l . ( 2 0 ) . a n d   cam  e l e m e n t . ( 1 0 4 ) . s u p p o r t e d   f o r   r o t a t i o n  

by  s a i d   s h a f t . ( 8 8 ) . i n   an  a l t e r n a t i n g   a r r a n g e m e n t   o f  

a s s o c i a t e d   p a i r s   of  p e r m u t a t i o n   w h e e l s . ( 2 0 ) . a n d   cam  e l e m e n t s  

. ( 1 0 4 ) . t h e r e a l o n g   s a i d   s h a f t . ( 8 8 ) . b e i n g   l o c a t e d   r e l a t i v e  

to  s a i d   h o u s i n g . ( 1 2 ) . s o   t h a t   s u b s t a n t i a l l y   an  a r c u a t e   s e c t o r  

of  e a c h   p e r m u t a t i o n   w h e e l . ( 2 0 ) . e x t e n d s   o u t w a r d l y   of   s a i d  

h o u s i n g . ( 1 2 ) . i n   p o s i t i o n   f o r   d i g i t a l   m a n i p u l a t i o n   a n d  

r o t a t i o n   of  s a i d   w h e e l s . ( 2 0 )  s e l e c t i v e l y   f rom  one  i n d i c i a  

p o s i t i o n   t o   a n o t h e r ,   e n g a g e m e n t   s t r u c t u r e . ( 1 1 6 , 1 1 0 ) . o n  

e a c h   s a i d   p e r m u t a t i o n   w h e e l . ( 2 0 ) . a n d   cam  e l e m e n t . ( 1 0 4 )  o f  

e a c h   a s s o c i a t e d   p a i r ,   m e a n s . ( 9 2 ) . f o r   m o v i n g   a t   l e a s t   s a i d  

cam  e l e m e n t s . ( l 0 4 ) . t o   a  f i r s t   p o s i t i o n   of  e n g a g e m e n t   w i t h  

an  a s s o c i a t e d   p e r m u t a t i o n   w h e e l . ( 2 0 ) . w h e r e b y   e a c h   c a m  

e l e m e n t . ( 1 0 4 ) . i s   a d a p t e d   f o r   m o v e m e n t   c o n j o i n t l y   w i t h   s a i d  

p e r m u t a t i o n   w h e e l . ( 2 0 ) . a s   may  be  s e l e c t i v e l y   r o t a t e d ,   and  a  

l i k e   p l u r a l i t y   of  l u g s . ( 1 4 8 ) . s u p p o r t e d   by  s a i d   h o u s i n g  

. ( 1 2 ) ,   e a c h   s a i d   l u g . ( 1 4 8 ) . s u p p o r t e d   in  a  p o s i t i o n   t h e r e b y  

to  i n h i b i t   m o v e m e n t   of   s a i d   cam  e l e m e n t s . ( 1 0 4 )   when  m o v e d  

f rom  s a i d   f i r s t   p o s i t i o n   to   a  s e c o n d   p o s i t i o n   to   p e r m i t  

f r e e   r o t a t i o n   of  s a i d   p e r m u t a t i o n   w h e e l s . ( 2 0 ) . w h i c h   may  

be  a n g u l a r l y   a d j u s t e d   r e l a t i v e   to  s a i d   cam  e l e m e n t s . ( 1 0 4 ) .  

to   a  new  p r e s e t   c o m b i n a t i o n .  



2.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   c l a i m   1  w h e r e i n  

s a i d   cam  e l e m e n t s . ( 1 0 4 )   i n c l u d e   a  c o l l a r . ( 1 0 6 )   r e c e i v e d   o n  

s a i d   s h a f t . ( 8 8 ) ,   and  w h e r e i n   i s   p r o v i d e d   a  b i a s i n g   m e a n s  

. ( 9 2 ) . a c t i n g   on  s a i d   c o l l a r s . ( 1 0 6 ) . o f   s a i d   cam  e l e m e n t s . ( 1 0 4 ) .  

and  b e t w e e n   s a i d   s h a f t . ( 8 8 ) . a n d   h o u s i n g . ( 1 2 ) . t h e r e b y   t o  

b i a s   b o t h   s a i d   s h a f t . ( 8 8 ) . a n d   cam  e l e m e n t s . ( 1 0 4 ) . t o   s a i d  

f i r s t   p o s i t i o n .  

3.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   c l a i m   2  w h e r e i n  

s a i d   m e a n s   a c t i n g   b e t w e e n   s a i d   s h a f t . ( 8 8 ) . a n d   h o u s i n g . ( 1 2 ) .  

i n c l u d e s   a  f i r s t   s t o p  ( 1 0 8 )   f i x e d l y   l o c a t e d   a d j a c e n t   o n e  

end  of  s a i d   s h a f t . ( 8 8 ) ,   a  s e c o n d   s t o p . ( 9 0 ) . l o c a t e d   a d j a c e n t  

t h e   o t h e r   end  of  s a i d   s h a f t . ( 8 8 )   c o n f i n i n g   s a i d   cam  e l e m e n t s  

. ( 1 0 4 ) . b e t w e e n   s t o p s ,   and  a  s p r i n g . ( 9 2 ) . a c t i n g   b e t w e e n  

s a i d   h o u s i n g . ( 1 2 )   and  s a i d   s e c o n d   s t o p . ( 9 0 ) .  

4.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to  c l a i m   2  or  c l a i m  

3  w h e r e i n   is   p r o v i d e d   a  k e y . ( 1 4 4 ) ,   s a i d   h o u s i n g  ( 1 2 , 1 4 , 1 6 ) .  

i n c l u d i n g   an  o p e n i n g . ( 8 0 ,   7 8 , 8 4 , 8 2 )  f o r m i n g   a  k e y w a y  

e x t e n d i n g   t o w a r d   s a i d   s h a f t . ( 8 8 ) ,   s a i d   k e y . ( 1 4 4 )  a d a p t e d  

f o r   r e c e i p t   in  s a i d   k e y w a y . ( 8 0 , 7 8 , 8 4 , 8 2 ) . t o   a  p o s i t i o n   a t  

w h i c h   i t   e n g a g e s   s a i d   s h a f t . ( 8 8 ) . a n d   to  a  f u l l y   r e c e i v e d  

p o s i t i o n   f o l l o w i n g   m o v e m e n t   of  s a i d   s h a f t . ( 8 8 ) . a x i a l l y   i n  

o p p o s i t i o n   to  s a i d   b i a s   w h e r e b y   s a i d   cam  e l e m e n t s . ( 1 0 4 ) .  

l o c a t e   to   s a i d   s e c o n d   p o s i t i o n .  

5.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   c l a i m   4  w h e r e i n  

s a i d   k e y . ( 1 4 4 )  i n c l u d e s   a  p r o j e c t i o n . ( 1 4 6 )   and  s a i d   k e y w a y  

. ( 8 0 , 7 8 , 8 4 , 8 2 ) . i n c l u d e s   a  s i d e   o p e n i n g . ( 8 2 )  i n t o   w h i c h   s a i d  

p r o j e c t i o n . ( 1 4 6 )  i s   f r e e   to   move  upon  r o t a t i o n   of  s a i d  

k e y . ( 1 4 4 )   when  in  s a i d   f u l l y   r e c e i v e d   p o s i t i o n ,   s a i d   s i d e  

o p e n i n g . ( 8 2 ) . p r o v i d i n g   a  s t o p   f o r   s a i d   p r o j e c t i o n  ( 1 4 6 ) .  

to   m a i n t a i n   s a i d   k e y . ( 1 4 4 )  i n   s a i d   f u l l y   r e c e i v e d   p o s i t i o n .  

6.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to  a n y  o n e   of  c l a i m s  

2  to  5  w h e r e i n   e a c h   s a i d   cam  e l e m e n t . ( 1 0 4 ) . i n c l u d e s   a  p l a t e  

. ( 1 0 4 )   e x t e n d i n g   f rom  s a i d   c o l l a r  ( 1 0 6 ) ,   s a i d   p l a t e . ( 1 0 4 )  

i n c l u d i n g   a  p a i r   of  cam  s u r f a c e s  ( 1 0 4 a ,   1 0 4 b ) ,   and  a  n o t c h  

. ( 1 0 4 c )  o p p o s i t e   one  of  s a i d   cam  s u r f a c e s   i n t o   w h i c h   a  



r e s p e c t i v e   s a i d   l u g . ( 1 4 8 ) . e n t e r s   when  s a i d   cam  e l e m e n t  

. ( 1 0 4 ) . i s   moved  f rom  s a i d   f i r s t   to   s a i d   s e c o n d   p o s i t i o n .  

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

1  t o   6  w h e r e i n   s a i d   l o c k i n g   m e a n s . ( 5 0 , 5 2 ) . i n c l u d e s   a  

p l u r a l i t y   of  f o l l o w e r   m e m b e r s . ( 1 2 0 ) ,   e a c h   a d a p t e d   t o  

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

. ( 1 0 4 ) ,   and  w h e r e i n   one  cam  s u r f a c e . ( 1 0 4 a ) . p r o v i d e d   on  e a c h  

cam  e l e m e n t . ( 1 0 4 ) ,   i f   s a i d   cam  e l e m e n t s . ( 1 0 4 )   a r e   a l l   in  a  

s e t   p o s i t i o n ,   c o n t r o l s   s a i d   l o c k i n g   m e a n s . ( 5 0 , 5 2 ) . t o   p e r m i t  

s a i d   s e c u r i n g   e l e m e n t . ( 1 8 ) . t o   move  to   s a i d   o p e n e d   p o s i t i o n .  

8.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   a n y  o n e   of  c l a i m s  

1  t o   7  w h e r e i n   s a i d   h o u s i n g   i n c l u d e s   an  o u t e r   h o u s i n g . ( 1 2 ) ,  

an  i n n e r   h o u s i n g . ( 1 4 ) ,   and  a  c o v e r . ( 1 6 ) ,   s a i d   c o v e r . ( 1 6 ) .  

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

s a i d   p e r m u t a t i o n   w h e e l s . ( 2 0 ) . t o   a c c o m m o d a t e   s a i d   e x t e n d i n g  

a r c u a t e   s e c t o r s ,   s a i d   c o v e r . ( 1 6 ) . b e i n g   c a r r i e d   t e l e s c o p i c -  

a l l y   on  s a i d   i n n e r   h o u s i n g . ( 1 4 ) ,   and  s a i d   i n n e r   h o u s i n g  

. ( 1 4 ) . a n d   c o v e r . ( 1 6 ) . b e i n g   c a r r i e d   t e l e s c o p i c a l l y   in  s a i d  

o u t e r   h o u s i n g . ( 1 2 ) .  

9.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   a n y  o n e   of  c l a i m s  

1  to   8  w h e r e i n   i s   p r o v i d e d   a  b o r e . ( 2 7 )   e x t e n d i n g   t h r o u g h  

one  w a l l   of  s a i d   o u t e r   h o u s i n g . ( 1 2 ) . a n d   a  b o r e   c o a x i a l l y  

a l i g n e d   t h r o u g h   s a i d   i n n e r   h o u s i n g . ( 1 4 ) ,   and  a  p i n . ( 2 6 ) .  

h a v i n g   a  d i m e n s i o n   s u b s t a n t i a l l y   e q u a l   to   t h a t   of  s a i d  

b o r e s . ( 2 7 ) . p r o v i d i n g   a  f o r c e   f i t   e n g a g e m e n t   in   s a i d   b o r e s  

. ( 2 7 ) . f o r   a s s e m b l e d   s e c u r e m e n t   of  s a i d   h o u s i n g s . ( 1 2 - 1 6 ) .  

10.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   a n y  o n e   of  c l a i m s  

1  to   9  w h e r e i n   s a i d   s e c u r i n g   m e a n s . ( 1 8 ) . c o m p r i s e s   a  U - s h a p e d  

s h a c k l e . ( 1 8 ) ,   i n c l u d i n g   a  p a i r   of  l e g s . ( 1 8 a - f )  o f   u n e q u a l  

l e n g t h ,   a  p a i r   of  s h a c k l e   l e g   b o r e s . ( 2 8 , 3 0 , 3 4 , 4 2 , 4 4 ) .  

l o c a t e d   in  s a i d   h o u s i n g s . ( 1 2 , 1 4 ) . f o r   f u l l   r e c e i p t   of  s a i d  

l e g s . ( 1 8 a - f ) . i n   s a i d   c l o s e d   s h a c k l e   l e g s   p o s i t i o n ,   s a i d  

s h a c k l e   l e g   b o r e . ( 2 8 , 3 0 , 4 2 ) . a d a p t e d   f o r   r e c e i p t   of  s a i d  

l o n g   l e g . ( 1 8 b - f ) . p a r t i a l l y   i n t e r s e c t i n g   s a i d   p i n   b o r e  

w i t h i n   s a i d   i n n e r   h o u s i n g . ( 1 4 ) ,   and  m e a n s  ( 1 8 c , d )  o n   s a i d  



l o n g   l e g . ( 1 8 b - f ) . t o   p r o v i d e ,   w i t h   s a i d   p i n . ( 2 6 ) ,   a  s t o p  

t h e r e b y   to   p r e v e n t   f u l l   r e t r a c t i o n   of  s a i d   l o n g   l e g . ( 1 8 b - f ) .  

f r om  s a i d   h o u s i n g s ( 1 2 , 1 4 ) . w h e n   s a i d   p e r m u t a t i o n   l o c k . ( 1 0 ) .  

i s   o p e n e d .  

11.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   a n y  o n e   of  c l a i m s  

1  to   10  w h e r e i n   s a i d   s e c u r i n g   means   c o m p r i s e s   a  U - s h a p e d  

s h a c k l e . ( 1 8 ) ,   and  w h e r e i n   is   p r o v i d e d   a  p a i r   of  b o r e s . ( 2 8 , 3 0 ,  

3 4 , 4 2 , 4 4 ) . f o r   r e c e i p t   of  r e s p e c t i v e   s h a c k l e   l e g s . ( 1 8 a - f ) ,  
s a i d   b o r e s . ( 2 8 , 3 0 , 3 4 , 4 2 , 4 4 )  e x t e n d i n g   t h r o u g h   s a i d   h o u s i n g s  

. ( 1 2 - 1 6 ) . i n   a  d i r e c t i o n   s u b s t a n t i a l l y   n o r m a l   to   t h e   p l a n e  

of  t h e   c l o s e d   end  of  s a i d   o u t e r   h o u s i n g . ( 1 2 ) ,   a  c u t o u t . ( 3 6 ) .  

in   a  s u r f a c e   of  s a i d  i n n e r   h o u s i n g . ( 1 4 ) . a d j a c e n t   t h e   c l o s e d  

end  of  s a i d   o u t e r   h o u s i n g . ( 1 2 ) . i n t e r s e c t i n g   s a i d   s h a c k l e  

b o r e s . ( 3 0 , 3 4 ) ,   and  w h e r e i n   s a i d   l o c k i n g   m e a n s   i n c l u d e s   a  

p a i r   of  b o l t s . ( 5 0 , 5 2 ) . m o v a b l e   in  s a i d   c u t o u t . ( 3 6 ) . i n  

o p p o s i t e   d i r e c t i o n s ,   means   f o r   b i a s i n g . ( 5 8 ) . s a i d   b o l t s  

. ( 5 0 , 5 2 ) . a w a y   f rom  one  a n o t h e r   i n t o   e n g a g e m e n t   w i t h   s a i d  

s h a c k l e   l e g s . ( 1 8 a - f ) ,   a  f i n g e r . ( 1 2 2 ) . c o n t r o l l e d   by  s a i d  

cam  e l e m e n t s  ( 1 0 4 )   f o r   m o v e m e n t   i n t o   p o s i t i o n   b e t w e e n  

s a i d   b o l t s . ( 5 0 , 5 2 )  t h e r e b y   to   m a i n t a i n   s a i d   e n g a g e m e n t   a n d  

s a i d   p e r m u t a t i o n   l o c k . ( 1 0 )  i n   s a i d   c l o s e d   p o s i t i o n   and  o u t  

of   s a i d   p o s i t i o n   to   p e r m i t   s a i d   s h a c k l e . ( 1 8 ) . t o   move  t o  

s a i d   o p e n e d   p o s i t i o n ,   and  a  n o t c h . ( 1 3 4 )   in   t h e   w a l l   o f  

s a i d   i n n e r   h o u s i n g . ( 1 4 )  t o   r e c e i v e   s a i d   f i n g e r . ( 1 2 2 ) .  

12.  A  p e r m u t a t i o n   l o c k   of  c l a i m   11  w h e r e i n   t h e   d e p t h  

of   s a i d   n o t c h . ( 1 3 4 ) . i s   o n l y   s l i g h t l y   g r e a t e r   t h a n   t h e  

w i d t h   of  s a i d   f i n g e r . ( 1 2 2 ) . a n d   e q u a l   to   a b o u t   o n e - h a l f   t h e  

w i d t h   of  s a i d   b o l t s . ( 5 0 , 5 2 ) .  

13.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   a n y  o n e   of  c l a i m s  

1  to   12  w h e r e i n   s a i d   l c o k i n g   means   i n c l u d e s   a  l e v e r . ( 1 1 8 ) ,  

h a v i n g   a  body   p o r t i o n ,   a  p l u r a l i t y   of  f o r k s  ( 1 2 0 )  e q u a l   i n  

n u m b e r   to   t h e   p l u r a l i t y   of  cam  e l e m e n t s . ( 1 0 4 )  e x t e n d i n g  

as  a  p a r a l l e l   f a m i l y   f rom  s a i d   body  p o r t i o n ,   a  f i n g e r . ( 1 2 2 ) .  

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

. ( 1 2 4 , 1 2 6 ) . f o r   m o u n t i n g   s a i d   l e v e r . ( 1 1 8 )  f o r   p i v o t a l   m o v e m e n t ,  



and  m e a n s . ( 1 2 8 ) . f o r   b i a s i n g   s a i d   l e v e r . ( 1 1 8 ) . a n d   s a i d  

e x t e n d i n g   f o r k s . ( 1 2 0 ) . i n   a  d i r e c t i o n   t o w a r d   s a i d   c a m  

e l e m e n t s  ( 1 0 4 ) .  

14.  A  p e r m u t a t i o n   l o c k   a c c o r d i n g   to   c l a i m   13  w h e r e i n  

s a i d   b i a s i n g   m e a n s   i s   a  c o i l   s p r i n g . ( 1 2 8 ) ,   a d a p t e d   to   p a s s  

t h r o u g h   an  o p e n i n g . ( 1 3 2 ) . f o r m e d   in  s a i d   l e v e r . ( 1 1 8 ) ,   a n d  

a t   l e a s t   one  c o i l   of   s a i d   s p r i n g . ( 1 2 8 ) . h a v i n g   a  d i a m e t e r  

l a r g e r   t h a n   s a i d   o p e n i n g  ( 1 3 2 ) .  
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