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©  Ratchet  and  tools  incorporating  a  ratchet. 

©  In  order  to  provide  a  ratchet  which  can  be  made  from 
inexpensive  parts,  it  comprises  a  pair  of  discs  (5  and  6} 
having  ramps  (5a,  6a)  upset  from  a  peripheral  zone  of  the 
discs  and  terminating  in  shoulders  (5o,  6b).  The  discs  are 
loaded  together  by  a  spring  9  which  enables  the  drive  to  be 
transmitted  via  the  faces  of  the  ramps  (5  and  6)  up  to  a 
predetermined  limit  before  the  discs  separate  and  the  ratchet 
clicks  over.  In  the  opposite  direction  the  drive  is  transmitted 
through  the  shoulders  (56.  6b),  which  may  then  be  inclined 
to  provide  a  torque  limitation.  The  ratchet  may  for  example 
be  used  in  wheel  braces  (as  illustrated  in  Figure  1  )  or  in  spark 
plug  spanners. 
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I n   order  to  provide  a  ratchet  which  can  be  made  from 
inexpensive  parts,  it  comprises  a  pair  of  discs  (5  and  6) 
having  ramps  (5a,  6a)  upset  from  a  peripheral  zone  of  the 
discs  and  terminating  in  shoulders  (5b,  6b).  The  discs  are 
loaded  together  by  a  spring  9  which  enables  the  drive  to  be 
transmitted  via  the  faces  of  the  ramps  (5  and  6)  up  to  a 
predetermined  limit  before  the  discs  separate  and  the  ratchet 
clicks  over. In  the  opposite  direction  the  drive  is  transmitted 
through  the  shoulders  (5b.  6b),  which  may  then  be  inclined 
to  provide  a  torque  limitation.  The  ratchet  may  for  example 
be  used  in  wheel  braces  (as  illustrated  in  Figure  1)  or in  spark 
plug  spanners. 



T h i s   i n v e n t i o n   r e l a t e s   to   r a t c h e t s   w i t h   t o r q u e -  

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

r a t c h e t s .  

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

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

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

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

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

p r e v e n t   o v e r  t i g h t e n i n g .  

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

k n o w n ,   b u t   n o r m a l l y   c o m p r i s e   e x p e n s i v e   c o m p o n e n t s .  

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

t o r q u e   l i m i t i n g   r a t c h e t   w h i c h   may  be  m a n u f a c t u r e d   r e a s o n -  

a b l y   i n e x p e n s i v e l y .  

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

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

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

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

r a m p s   of  e a c h   s e r i e s   f a c i n g   t h e   same  way  and  b e i n g   i n  

o p p o s i t i o n   to   t he   r a m p s   of  t h e   o t h e r   s e r i e s   so  t h a t   w h e n  

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

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

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

of  t h e   r amps   up  to   t h e   r e q u i r e d  l i m i t   i m p o s e d   by  t h e  



s p r i n g   l o a d i n g .  

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

p u b l i s h e d   U n i t e d   K i n g d o m   p a t e n t   a p p l i c a t i o n   2 0 6 2 5 2 4 ,   t o  

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

r a t c h e t .   H o w e v e r ,   t h e   c o n s t r u c t i o n s   p r o p o s e d   h a v e   n e c e s -  

s i t a t e d   i n t e r e n g a g i n g   s e t s   of   t e e t h   and  as   s u c h ,   t h e  

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

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

t a n c e .   A l s o ,   t h e   t o r q u e   l i m i t i n g   r a t c h e t   i s   n o t   b u i l t  

i n t o   t h e   s p a n n e r   as  s u c h   b u t   h a s   to   be  a t t a c h e d   t h e r e t o .  

In   a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t   of  t he   p r e s e n t  

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  s p a r k   p l u g   s p a n n e r   i n c l u d -  

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

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

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

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

t he   same  way  and  b e i n g i n  o p p o s i t i o n   t o   t h e   r amps   of  t h e  

o t h e r   s e r i e s   so  t h a t   when  r o t a t i n g   i n   t h e   l o o s e n i n g  

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

and  when  r o t a t i n g   in   t h e   t i g h t e n i n g   d i r e c t i o n   t h e   t o r q u e  

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

i m p o s e d   by  t h e   s p r i n g . l o a d i n g .  

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

i n g   a  f i r s t   b o d y   p o r t i o n   to   be  t u r n e d   by  t he   u s e r ,   a  

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

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



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

a t t a c h e d   to   e a c h   of  t h e   f i r s t   and  s e c o n d   b o d y   p o r t i o n s ,  

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

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

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

of  t h e   o t h e r   s e r i e s   so  t h a t   when  r o t a t i n g   in   t h e  

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

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

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

to   t h e   l i m i t   i m p o s e d   by  the   s p r i n g . l o a d i n g .  

M o t 6 r ' v e h i c l e   w h e e l   n u t s   s h o u l d   be  t i g h t e n e d   t o   a  

s t a n d a r d   s p e c i f i e d   t o r q u e .   H o w e v e r ,   i t   i s   n o t   u n c o m m o n  

f o r   w h e e l   n u t s   to   be  o v e r t i g h t e n e d   by  t h e   u s e   of  e x c e s s i v e  

t o r q u e   w h i c h   n o t  o n l y   may  damage   t he   t h r e a d s   on  t h e   s t u d s  

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

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

w i d e s p r e a d   f e e l i n g ,   p a r t i c u l a r l y   among  women  d r i v e r s ,  

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

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

t h a n   t h e y   c an   a p p l y .  

In  o r d e r   to   o v e r c o m e   t h i s ,   i t   i s   p r o p o s e d   to   p r o v i d e  

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

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

r a t c h e t   to   p r e v e n t   o v e r t i g h t e n i n g .   In   o r d e r   to   be  e c o n o -  

m i c ,   s u c h   a  w h e e l   b r a c e   has   to  be  i n e x p e n s i v e   and   c o m p a c t  

e n o u g h   to   be  c a r r i e d   in   t h e  v e h i c l e   as  p a r t   of  a  t o o l   k i t .  

I t s   u s e   i s   c o m p a r a t i v e l y   i n f r e q u e n t   so  i t   d o e s   n o t   n e e d  



to   be  p a r t i c u l a r l y   d u r a b l e .  

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

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

one  or   more  p l a n e t a r y   g e a r s   m e s h i n g   w i t h   t h e   sun   and  r i n g  

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

m e n t   of  one  of  t h e   r i n g   g e a r   and  c a g e ,   m e a n s   f o r   c o n n e c -  

t i n g   a  s o c k e t   to   t h e   o t h e r   of  t h e   r i n g   g e a r   and  c a g e ,  

m e a n s   f o r   m a n u a l l y   r o t a t i n g   t h e   sun   g e a r   so  as  to   t u r n  

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

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

in   one  d i r e c t i o n   of  r o t a t i o n   of  t h e   s o c k e t ,   in   w h i c h   t h e  

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

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

h a v i n g   a  s e r i e s   of  r a m p s ,   w i t h   t h e   r a m p s   of  e a c h   s e r i e s  

in   o p p o s i t i o n   so  t h a t   t h e   t o r q u e   i s   t r a n s m i t t e d   t h r o u g h  

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

a  l i m i t   d e t e r m i n e d   by  t h e   s h a p e   of  t h e   r a m p s   and  t h e  

s p r i n g   l o a d i n g .  

The  r e s t r a i n i n g   m e a n s   may  be  an  a rm,   e . g .   of  a d j u s -  

t a b l e   e f f e c t i v e   l e n g t h ,   h a v i n g   m e a n s   to   e n g a g e   a  w h e e l  

n u t   or   t h e   w h e e l   r i m .  

The  g e a r s   may  be  s t a m p e d   f r o m   s h e e t   m e t a l .  

The  d i s c s   may  e a c h   have   a  s e r i e s   of  p r e s s e d - o u t  

r a m p s .  

In  a l l  c a s e s   t h e   s h o u l d e r s   may  be  s o m e w h a t   i n c l i n e d  

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



The  i n v e n t i o n   w i l l   b e  f u r t h e r   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 w i n g s   of  w h i c h : -  

F i g u r e   1  i s   an  e x p l o d e d   v i e w   of  a  w h e e l   b r a c e  

i n c o r p o r a t i n g   a  r a t c h e t   d e v i z e   i n   a c c o r d a n c e   w i t h   a  

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

F i g u r e   2  i s   an  end  e l e v a t i o n   of  t h e   g e a r   t r a i n ;  

F i g u r e   3  i s   a  s e c t i o n s   v i e w   s h o w i n g   t h e   a s s e m b l y  

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

F i g u r e s   4 a  a n d  4 b   s h o t   a l t e r n a t i v e   p o s i t i o n s   o f  

a  r e s t r a i n i n g   p a r t ;  

F i g u r e   5  i s   a  f r o n t   e l e v a t i o n   of  a  m o d i f i e d   f o r m   o f  

w h e e l   b r a c e ;  

F i g u r e   6  i s   a  s i d e   e l e v a t i o n   of  t h e   w h e e l   b r a c e  

of  F i g u r e   5 ;  

F i g u r e  7   i s   a  s i d e   e l e v a t i o n   of  a  s p a r k   p l u g  

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

of  t h e   i n v e n t i o n ;  

F i g u r e   8  i s   an  end  e l e v a t i o n   of  t h e   s p a n n e r   o f  

F i g u r e  7 ;   a n d  

F i g u r e   9  i s   an  e x p l o d e d   v i e w   of  t h e   r a t c h e t   d e v i c e  

shown  i n   F i g u r e   7 .  

The  w h e e l   b r a c e   i l l u s t r a t e d   i n   F i g u r e   1  i n c l u d e s   a  

s t a n d a r d   s o c k e t   1  a d a p t e d   in  e n g a g e   on  t h e   w h e e l   n u t   t o  

be  l o o s e n e d   or  t i g h t e n e d ,   and  i t  i s  d r i v e n   by  m e a n s   of  a  

h a n d l e   or   tommy  b a r   2  e n g a g e d   in   a l i g n e d   h o l e s   3  i n   a  

t u b e   4.  The  h a n d l e   or   tomry  b a r   2  may  be  s e p a r a t e   o r  

w e l d e d   i n   p o s i t i o n   in   t h e   i c l e s   3.  The  t u b e   4  i s   w e l d e d  



to   a  f i r s t   r a t c h e t   d i s c   5  w h i c h   i s   i n   f a c e - t o - f a c e   r e l a -  

t i o n s h i p   w i t h   a  s e c o n d   r a t c h e t   d i s c   6,  as  shown  i n  

F i g u r e   3 .  A   p i n  7   p a s s e s   a x i a l l y   t h r o u g h   b o t h   r a t c h e t  

d i s c s ,   w i t h   i t s   h e a d  7 a   a g a i n s t   t h e   d i s c   6,  and  c a r r i e s  

a  s p r i n g   a b u t m e n t   p l a t e   8  so  t h a t   when  a s s e m b l e d   a  s p r i n g  

9  i s   c o m p r e s s e d   b e t w e e n   t h e   p l a t e   8  and  t h e   r e a r   of  t h e  

r a t c h e t   p l a t e   5  so  as  to   s p r i n g   l o a d   t h e   r a t c h e t   p l a t e s  

t o g e t h e r .  

The  r a t c h e t   p l a t e s   5  and   6  a r e   f o r m e d   w i t h   r a m p s  

5a ,   6a  u p s e t . f r o m   t h e   m e t a l   of   t h e   d i s c   i n   t h e   p e r i p h e r a l  

r e g i o n   t h e r e o f ,   so  as  to   p r o v i d e   e a c h   r a t c h e t   d i s c   w i t h  

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

d e r s   5b ,   6b  r e s p e c t i v e l y .   The  r a m p s   a r e   in   o p p o s i t i o n  

on  t h e   two  r a t c h e t   d i s c s   so  t h a t   when  t h e   t u b e   4  a n d  

r a t c h e t   d i s c   5  a r e   r o t a t e d   i n   one  d i r e c t i o n ,   t h e   s h o u l -  

d e r s   5b  and   6b  come  i n t o   e n g a g e m e n t ,   as  shown  i n   F i g u r e  

3,  and   t r a n s m i t   t h e   f u l l   t o r q u e   to   t h e   r a t c h e t   p l a t e   6 .  

When  r o t a t e d   i n   t h e   o p p o s i t e   d i r e c t i o n ,   t h e   r a t c h e t   d i s c  

5  r o t a t e s   s o m e w h a t   u n t i l   t h e   f a c e s   of  t h e   r a m p s   5a  a r e  

in   e n g a g e m e n t   w i t h   t he   f a c e s   of  t h e   r a m p s   6a ,   and  t o r q u e  

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

b e c o m e   e x c e s s i v e ,   t he   r a m p s   6a  w i l l   be  f o r c e d ,  a g a i n s t   t h e  

a c t i o n   of  t h e   s p r i n g   9,  in   an  a x i a l   d i r e c t i o n   away  f r o m  

the   d i s c   5  and   t h e   r a t c h e t   m e c h a n i s m   w i l l   s l i p   r o u n d .  

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

of  t h e   r a m p s   5 a  a n d   6a  and  on  t h e   c h a r a c t e r i s t i c s   of  t h e  

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



a p p l i e d   to   i t   in   t h e   i n i t i a l   p o s i t i o n   shown  i n   F i g u r e   3 .  

A t t a c h e d   to   t h e   r a t c h e t   p l a t e   6,   e . g .   by  w e l d i n g ,  

i s   a  sun   g e a r   11  f o r m i n g   p a r t   of  an  e p i c y c l i c   s y s t e m  

i l l u s t r a t e d   i n   F i g u r e   2.  The  sun   g e a r   11  i s   i n   m e s h  

w i t h   t h r e e   p l a n e t a r y   g e a r s   12  w h i c h   a r e   t h e m s e l v e s   a t t a -  

c h e d   to   a  c age   f o r m e d   by  f r o n t   and  r e a r   p l a t e s   13  and   1 4  

r e s p e c t i v e l y .   R i v e t s   f o r   t h i s   p u r p o s e   a r e   shown  a t   1 5 .  

A  n o r m a l l y   s t a t i o n a r y   r i n g   g e a r   16  i s   f o r m e d   on  t h e  

i n t e r i o r   of  a  d i s h e d   r i n g   1 7 .  

T h e  d i s h e d   r i n g   17  i s   f o r m e d   w i t h   a  r a d i a l   e x t e n -  

s i o n   1 8 ' ( o m i t t e d   f r o m   F i g u r e   2)  w h i c h   f o r m s   p a r t   of  a  

r e s t r a i n i n g   arm  a s s e m b l y .   The  e x t e n s i o n   18  i s   f o r m e d  

w i t h   a  s l o t   19  and  a  s e c o n d   s l o t t e d   arm  21  i s   a t t a c h e d  

to  t h e   e x t e n s i o n   18  by  m e a n s   of  a  n u t   22  and  b o l t   2 3  

p a s s i n g   t h r o u g h   t he   s l o t  1 9   and  a  s l o t   24  in   t h e   a r m  

p o r t i o n   21.   The  arm  p o r t i o n   21  i t s e l f   c a r r i e s   a  s h o r t  

l e n g t h   of  t u b e   25  a d a p t e d   to   e n g a g e   o v e r   a  w h e e l   n u t  

a d j a c e n t   t h a t   e n g a g e d   by  t h e   s o c k e t   1  to   p r o v i d e   a n c h -  

o r a g e   f o r   t he   d i s h e d   r i n g   17  and  i t s   g e a r   1 6 .  

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

25  and  s o c k e t   1  a d j u s t a b l e   f o r   d i f f e r e n t   s i z e s   of  w h e e l s ,  

t h e   p o s i t i o n   of  t he   arm  p o r t i o n   21  c an   be  a d j u s t e d   b y  

m e a n s   of  t he   s l o t s   19  and  24  r e t a i n e d   in   t h e   a d j u s t e d  

p o s i t i o n   by  t he   n u t   and  b o l t .   In   o r d e r   to   p r o v i d e   a  

f u r t h e r   r a n g e   of  a d j u s t m e n t ,   t h e   arm  p o r t i o n   21  may  b e  

r e v e r s e d   as  shown  in   F i g u r e s   4a  and  4b  f r o m   w h i c h   t h e  

n u t   and  b o l t   22  and  23  h a v e   b e e n   o m i t t e d .  



W e l d e d   t o   t h e   c e n t r e   of  t h e   p l a t e   13 ,   f o r m i n g   p a r t  

of  t h e   c a g e   f o r   t h e   p l a n e t a r y   g e a r s   12 ,   i s   a  h o l d e r   2 7  

w h i c h   i s   a d a p t e d   to   r e c e i v e   t h e   s o c k e t   1.  I f   d e s i r e d ,  

a  r a n g e   of  s t a n d a r d   s o c k e t s   1  may  be  p r o v i d e d   f o r   a t t a c h -  

m e n t   to   t h e   s i n g l e   h o l d e r   27 ,   e . g .   by  m e a n s   of  g r u b  

s c r e w s   or   s i m i l a r   f i x i n g s .  

In  o p e r a t i o n ,   t h e   p o s i t i o n   of  t h e   t u b e   l e n g t h   2 5  

i s   f i r s t   a d j u s t e d   to   s u i t   t h e   w h e e l   on  w h i c h   t h e   w h e e l  

b r a c e   i s   to   be  u s e d ,   a n d   t h e n   w i t h   t h e   s o c k e t   1  o v e r   t h e  

n u t   to   be  l o o s e n e d   or   t i g h t e n e d ,   and   t h e   t u b e   l e n g t h   o v e r  

an  a d j a c e n t   n u t ,   t h e   tommy  b a r   o r   h a n d l e   2  i s   r o t a t e d   i n  

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

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

t h e   s h o u l d e r s   5a   and  6b  of   t h e   r a t c h e t ,   and  i n   t h e   o p p o -  

s i t e   d i r e c t i o n   to   t i g h t e n   t h e   n u t s ,   t h e   t o r q u e   l i m i t i n g  

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

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

5a  and  6 a .   The  sun  g e a r   11  i s   i n   mesh   w i t h   t h e   p l a n e t  

g e a r s   12  and   t h e s e   i n   t u r n   a r e   i n   mesh   w i t h   t h e   r i n g  

g e a r   16  so  t h a t   t h e   p l a n e t a r y   g e a r s   12  p r e c e s s   and  t h e  

c a g e   f o r m e d   by  t he   p l a t e s   13  and   14  t h u s   r o t a t e s   a t   a  

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

s p e e d   r e d u c t i o n   i s   in   t h e   r e g i o n   of  10  to   1.  The  s o c k e t  

1  w h i c h   i s   s o l i d   w i t h   t h e   p l a t e   13  i s   t h u s   r o t a t e d   m o r e  

s l o w l y   and  a  c o m p a r a t i v e l y   s m a l l   t o r q u e   a p p l i e d   to   t h e  

h a n d l e   or   tommy  b a r   2  w i l l   a p p l y   s u b s t a n t i a l   t o r q u e   t o  

t h e   n u t   to   w h i c h   t h e   s o c k e t   1  i s   c o n n e c t e d .   Thus  t h e  



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

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

F i g u r e s   5  and  6  show  a  f o r m   of  w h e e l   b r a c e   i n c o r -  

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

t h e   same  and  n e e d s   no  f u r t h e r   d e s c r i p t i o n ,   b u t   t h e   r a t -  

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

s h o u l d e r s   6b  and  5b  m e s h i n g   in   t h e   l o o s e n i n g   d i r e c t i o n ,  

c o n t a c t   i s   b e t w e e n   s t e e p l y   i n c l i n e d   r a m p s   5c  and  6c  t o  

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

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

of  t h i s  i s   to   p r o t e c t   t h e   g e a r s   f r o m   damage   due  t o  

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

n o t   d e s i g n e d .   A l s o   i n s t e a d   of  e n g a g i n g   on  an  a d j a c e n t  

w h e e l   n u t ,   t h e   arm  p o r t i o n   2 1 a  m a y   be  made  s o m e w h a t  

l o n g e r   and  p r o v i d e d   w i t h   a  pad  26  of  h a r d   r u b b e r   o r  

s i m i l a r   m a t e r i a l   to   e n g a g e   on  an  a p p r o p r i a t e   p o r t i o n   o f  

a  w h e e l   r i m .   In  o r d e r   to   p r o v i d e   f o r   d i f f e r e n t   w h e e l  

c o n f i g u r a t i o n s ,   t h e  e x t e n s i o n 1 8 a   i s   shown  in   F i g u r e   6  

as  b e i n g   i n c l i n e d   to   t h e   p l a n e   of  t h e   r i n g   17,   and  t h e  

arm  21a  i s   shown  as  h a v i n g   t w o  f i x i n g   h o l e s   27a  and  2 7 b ,  

a t   d i f f e r e n t   a n g l e s   to   e n a b l e   t he   arm  to   be  more   s t e e p l y  

i n c l i n e d   to  t h e   p l a n e   of  t h e   d i s h e d   r i n g   17  when  i n   t h e  

s h o r t e r   p o s i t i o n .   E a c h   h o l e   27a  and  27b  i s   a l s o   a s s o -  

c i a t e d   w i t h   an  a d j a c e n t   u p s e t   l o c a t i n g   l u g   2 8 a ,   2 8 b  

c o o p e r a t i n g   w i t h   t h e   s l o t   19  in   t h e   e x t e r i o r   1 8 a .  

A l s o ,   t h e   t u b e   4  may  be  s e p a r a b l e   f r o m   t h e   r a t c h e t  

d i s c   5.  F o r   i n s t a n c e ,   i t   may  be  p r o v i d e d   w i t h   a  s o c k e t  



end  t o   r e c e i v e   a  s p i g o t ,   e . .g .   h e x a g o n a l   o r   s q u a r e ,   s o l i d  

w i t h   t h e   d i s c   5 .  

T u r n i n g   now  to   F i g u r e s   7,  8  and  9,  t h e   p l u g  

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

121  a t   t h e   o u t e r   end   of  a  t u b u l a r   b o d y   m e m b e r   1 2 2 ,   a n d  

a t   t h e   o p p o s i t e   e n d ,   a  t u b u l a r   b o d y   m e m b e r   123  i s   p r o -  

v i d e d   w i t h   a  s t i r r u p   124  p i v o t a l l y   r e c e i v e d   i n   a p p r o -  

p r i a t e   h o l e s   n e a r   t h e   end  of  t h e   t u b u l a r   member   1 2 3 .  

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

e l e m e n t s   122  and   123  a r e   p a r t   of  a  s i n g l e   t u b e ,   b u t   i n  

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 ,   t h e   t u b u l a r   b o d y  

m e m b e r s  1 2 2   and  123  a r e   e a c h   a t t a c h e d ,   e . g .   by  w e l d s   1 2 5  

to   a  r e s p e c t i v e   r a t c h e t   d i s c   126  or   1 2 7 .  

As  shown  more   p a r t i c u l a r l y   in   F i g u r e   9,  t h e   t u b e  

122  i s   w e l d e d   to   a  f i r s t   r a t c h e t   d i s c   126  w h i c h   i s   i n  

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

127  to   w h i c h   t h e   t u b e   123  i s   w e l d e d ,   as  shown  i n   F i g u r e  

4.  A  p i n   128  p a s s e s   a x i a l l y   t h r o u g h   b o t h   r a t c h e t   d i s c s  

126  and   1 2 7 ,   w i t h   i t s   h e a d  1 2 8 a   a g a i n s t   t h e   d i s c   1 2 6 ,  

and   i s   p e e n e d   o v e r   a  s p r i n g   a b u t m e n t   p l a t e   129  so  t h a t ,  

when  a s s e m b l e d ,   a  s p r i n g   130  i s   c o m p r e s s e d   b e t w e e n   t h e  

p l a t e   129  and  t h e   r e a r   of  t h e   r a t c h e t   d i s c   127  so  as  t o  

s p r i n g   l o a d   t h e   r a t c h e t   d i s c s   126  and  127  t o g e t h e r .  

The  r a t c h e t   d i s c s   126  and  127  a r e   e a c h   f o r m e d   w i t h  

a  p l u r a l i t y   of  e q u i - s p a c e d   r a m p s   126a   and  1 2 7 a   u p s e t   f r o m  

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

so  as  to   p r o v i d e   e a c h   r a t c h e t   d i s c   w i t h   a  s e r i e s   o f  



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

s t e e p l y   i n c l i n e d   r a m p s )  1 2 6 b   and  127b  r e s p e c t i v e l y .   T h e  

r a m p s   a r e   i n   o p p o s i t i o n   on  t h e   two  r a t c h e t   d i s c s   so  t h a t  

when  t h e   t u b u l a r   m e m b e r   123  and  r a t c h e t   d i s c   127  a r e  

r o t a t e d   i n   one  d i r e c t i o n ,   t h e   s h o u l d e r s   126b  and  1 2 7 b  

come  i n t o   e n g a g e m e n t   and  t r a n s m i t   t h e   f u l l   t o r q u e   ( o r  

up  to   a  v e r y   h i g h   t o r q u e )   to  t h e   r a t c h e t   p l a t e   1 2 6 .  

When  r o t a t e d   i n   t h e   o p p o s i t e   d i r e c t i o n ,   t h e   r a t c h e t   d i s c  

127  r o t a t e s   s o m e w h a t   u n t i l   t h e   f a c e s   of  t h e   r a m p s   1 2 7 a  

a r e   i n   e n g a g e m e n t   w i t h   t h e   f a c e s   of  t h e   r a m p s   1 2 6 a ,   a n d  

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

t o r q u e   b e c o m e   e x c e s s i v e ,   t h e   r a m p s   1 2 6 a   w i l l   r i d e   o v e r  

t h e   r a m p s   1 2 7 a   and  t h e   r a m p s   w i l l   be  f o r c e d   a p a r t   a g a i n s t  

t h e   a c t i o n   of  t h e   s p r i n g   129 ,   so  t h a t   t h e   r a t c h e t   m e c h -  

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

d e p e n d   u p o n   t h e   a n g l e s   of  t he   r amps   126a   and  1 2 7 a   and  o n  

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

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

p o s i t i o n   shown  i n   F i g u r e   4 .  

I t   w i l l   be  s e e n   f r o m   F i g u r e   2  t h a t   t h e   p l u g   s p a n n e r  

i s   shown  as  i n c l u d i n g   a  r u b b e r   or  l i k e   s o f t   i n s e r t   1 3 1  

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

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

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

t he   p l u g   i n t o   t h e   e n g i n e   when  r e q u i r e d .  

V a r i o u s   m o d i f i c a t i o n s   may  be  made  w i t h i n   t h e   s c o p e  

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



1.  A  t o r q u e   l i m i t i n g   r a t c h e t   c o m p r i s i n g   a  p a i r   o f  

d i s c s   ( 5 ,   6  or   126 ,   127)   a r r a n g e d   f a c e - t o - f a c e   and  l o a d e d  

t o g e t h e r   by  a  s p r i n g   (7  or   130 )   up  to   a  p r e d e t e r m i n e d  

l i m i t ,   c h a r a c t e r i s e d   in   t h a t   t h e   d i s c s   (5 ,   6,  1 2 6 ,   1 2 7 )  

e a c h   h a v e   a  s e r i e s   of  p r e s s e d - o u t   r a m p s   ( 5 a ,   6 a ,   1 2 6 a ,  

1 2 7 a )   t e r m i n a t i n g   in   s h o u l d e r s   ( 5 b ,   6b ,   1 2 6 b ,   1 2 7 b ) ,   t h e  

r a m p s   of  e a c h   s e r i e s   f a c i n g   t h e   same  way  and   b e i n g   i n  

o p p o s i t i o n   to   t h e   ramps   of  t h e   o t h e r   s e r i e s   so  t h a t   w h e n  

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

m i t t e d   v i a   t h e   s h o u l d e r s   ( 5 b ,   6b  o r   1 2 6 b ,   1 2 7 b ) ,   a n d  

when   r o t a t i n g   in   t he   t i g h t e n i n g   d i r e c t i o n   t h e   t o r q u e   i s  

t r a n s m i t t e d   v i a   t h e   f a c e s   of  t h e   r a m p s   ( 5 a ,   6a  or  1 2 6 a ,  

1 2 7 a )   up  to   t h e   r e q u i r e d   l i m i t   i m p o s e d   by  s p r i n g   l o a d i n g .  

2.  A  r a t c h e t   a c c o r d i n g   t o   c l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   t h e   r a m p s   ( 5 a ,   6a ,   1 2 6 a ,   1 2 7 a )   a r e   u p s e t   f r o m   a  

p e r i p h e r a l   zone   of  t he   r e s p e c t i v e   d i s c s   ( 5 ,   6,  126 ,   1 2 7 ) .  

3.  A  r a t c h e t   a c c o r d i n g   to   c l a i m   1  or   2,  c h a r a c t e r i s e d  

in   t h a t   a  d r i v i n g   t ube   (4 ,   122)   f o r   one  p l a t e   (5 ,   1 2 6 )  

a c t s   as  a  h o u s i n g   f o r   t he   s p r i n g   ( 7 ,   130 )   l o a d i n g   t h e  

p l a t e s   ( 5 ,   6  or  126 ,   127)   t o g e t h e r .  

4.  A  r a t c h e t   a c c o r d i n g   to   c l a i m   1,  2  or   3,  c h a r a c -  

t e r i s e d   i n   t h a t   t he   s h o u l d e r s   a r e   f o r m e d   by  r a m p s   ( 5 c ,  



6c)   more  s t e e p l y   i n c l i n e d   t h a n   t he   f i r s t   m e n t i o n e d   r a m p s  

( 5 a ,   6a )   so  as  to   p r e s e n t   a  t o r q u e   l i m i t a t i o n   in   t h e  

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

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

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

p a i r   of  d i s c s   (5 ,   6  or   1 2 6 ,   1 2 7 )   a r r a n g e d   f a c e - t o - f a c e  

and  s p r i n g   l o a d e d   t o g e t h e r ,   t h e   d i s c s   (5 ,   6,  126 ,   1 2 7 )  

e a c h   h a v i n g   a  s e r i e s   of  p r e s s e d - o u t   r amps   ( 5 a ,   6 a ,   1 2 6 a ,  

1 2 7 a )   t e r m i n a t i n g   in   s h o u l d e r s   ( 5b ,   6b,   1 2 6 b ,   1 2 7 b ) ,  

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

b e i n g   in   o p p o s i t i o n   to   t h e   r a m p s   of  t he   o t h e r   s e r i e s   s o  

t h a t   when  r o t a t i n g   in   t h e   l o o s e n i n g   d i r e c t i o n   t he   t o r q u e  

i s   t r a n s m i t t e d   v i a   t h e   s h o u l d e r s   ( 5b ,   6b,  1 2 6 b ,   1 2 7 b ) ,  

and  when  r o t a t i n g   in   t h e   t i g h t e n i n g   d i r e c t i o n   t h e   t o r q u e  

i s   t r a n s m i t t e d   v i a   t h e   f a c e s   of  t he   ramps   ( 5 a ,   6 a ,   1 2 6 a ,  

1 2 7 a )   up  to   t h e   l i m i t   i m p o s e d   by  t he   s p r i n g   l o a d i n g .  

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

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

t h a n   t h e   f i r s t   m e n t i o n e d   r a m p s   so  as  to  p r e s e n t   a  t o r q u e  

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

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

f i r s t   b o d y   p o r t i o n   ( 1 2 3 )   to   be  t u r n e d   by  t he   u s e r ,   a  

s e c o n d   b o d y   p o r t i o n   ( 1 2 2 )   to   t u r n   a  p l u g   and  a  t o r q u e  



l i m i t i n g   r a t c h e t   c o m p r i s i n g   a  p a i r   of  d i s c s   ( 1 2 6 ,   1 2 7 )  

a r r a n g e d   f a c e - t o - f a c e   and  s p r i n g   l o a d e d   t o g e t h e r ,   one  o f  

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

b o d y   p o r t i o n s   ( 1 2 3 ,   1 2 2 ) ,   t h e   d i s c s   ( 1 2 6 ,   127)   e a c h   h a v -  

i n g   a  s e r i e s   of  p r e s s e d - o u t   r a m p s   ( 1 2 6 a ,   1 2 7 a )   t e r m i n -  

a t i n g   in   s h o u l d e r s   ( 1 2 6 b ,   1 2 7 b ) ,   w i t h   t h e   r amps   of  e a c h  

s e r i e s   f a c i n g   t h e   same  way  and  b e i n g   i n   o p p o s i t i o n   t o  

t h e   r a m p s   of  t h e   o t h e r   s e r i e s   so  t h a t   when  r o t a t i n g   i n  

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

t h e   s h o u l d e r s   ( 1 2 6 b ,   1 2 7 b ) ,   and  when  r o t a t i n g   in   t h e  

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

f a c e s   of  t h e   r a m p s   ( 1 2 6 a ,   1 2 7 a )   up  to   t h e   l i m i t   i m p o s e d  

by  t h e   s p r i n g   l o a d i n g .  

8.  A  s p a r k   p l u g   s p a n n e r   a c c o r d i n g   to   c l a i m   8,  c h a r a c -  

t e r i s e d   in   t h a t   w h i c h   t h e   s h o u l d e r s   ( 1 2 6 b ,   127b)   a r e  

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

m e n t i o n e d   r a m p s   ( 1 2 6 a ,   1 2 7 a )   so  as  t o   p r e s e n t   a  t o r q u e  

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

9.  A  w h e e l   b r a c e   c o m p r i s i n g   an  e p i c y c l i c   g e a r   s e t  

i n c l u d i n g   a  sun  g e a r   ( 1 1 )  ,   a  r i n g   g e a r   ( 1 6 )   and  one  o r  

more   p l a n e t a r y   g e a r s   ( 1 2 )   m e s h i n g   w i t h   t h e   sun  and  r i n g  

g e a r s   and  m o u n t e d   i n   a  c a g e   ( 1 3 ,   1 4 ) ,   means   ( 25 ,   26)  f o r  

r e s t r a i n i n g   m o v e m e n t   of  one  of  t h e   r i n g   g e a r   (16)   a n d  

c a g e   ( 1 3 ,   14)  m e a n s   ( 2 7 )   f o r   c o n n e c t i n g   a  s o c k e t   (1)   t o  



t h e   o t h e r   of  t he   r i n g   g e a r   ( 1 6 )   and  c a g e   ( 1 3 ,   1 4 ) ,   m e a n s  

(2 )   f o r   m a n u a l l y   r o t a t i n g   t h e   sun  g e a r   ( 1 1 )   so  as  t o  

t u r n   t he   s o c k e t   (1)   a t   a  r e d u c e d   s p e e d   w i t h   m e c h a n c i a l  

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

l i m i t   t he   t o r q u e   in   one  d i r e c t i o n   of  r o t a t i o n   of  t h e  

s o c k e t   ( 1 ) ,   c h a r a c t e r i s e d   in   t h a t   t h e   t o r q u e   l i m i t i n g  

d e v i c e   c o m p r i s e s   a  p a i r   of  d i s c s   (5 ,   6)  a r r a n g e d   f a c e -  

t o - f a c e   and  s p r i n g   l o a d e d   t o g e t h e r ,   t h e   d i s c s   (5 ,   6 )  

e a c h   h a v i n g   a  s e r i e s   of  r a m p s   ( 5 a ,   6a )   w i t h   t h e   r a m p s   o f  

e a c h   s e r i e s   in   o p p o s i t i o n   so  t h a t   t h e   t o r q u e   i s   t r a n s -  

m i t t e d   t h r o u g h   f a c e s   of  t h e   r a m p s   ( 5 a ,   6 a )   in   a t   l e a s t  

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

t h e   r amps   and  the   s p r i n g   l o a d i n g .  

10.   A  w h e e l   b r a c e   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i s e d  

in   t h a t   t he   r e s t r a i n i n g   m e a n s   i n c l u d e s   an  arm  (2)   h a v i n g  

m e a n s   ( 2 5 )   f o r   e n g a g i n g   a  w h e e l   n u t .  

11 .   A  w h e e l   b r a c e   a c c o r d i n g   to   c l a i m   9,  c h a r a c t e r i s e d  

in   t h a t   t he   r e s t r a i n i n g   m e a n s   i n c l u d e s   an  arm  ( 2 1 a )  

h a v i n g   a  pad  (26 )   to   e n g a g e   a  w h e e l   r i m .  

12.   A  w h e e l   b r a c e   a c c o r d i n g   to   c l a i m   10  or  11 ,   c h a r a c -  

t e r i s e d   in  t h a t   t he   e f f e c t i v e   l e n g t h   of  t he   arm  ( 2 1 ,   2 1 a )  

i s   a d j u s t a b l e .  
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