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©  Wrenching  tool. 
©  Rotary  wrenching  tools  are  sized,  in  one  embodiment,  to 
strongly  and  adequately  receive  heads  of  fastening  members 
of  two  or  more  nominal  sizes  having  maximum  size  ratios  in 
the  approximate  size  ranges  of  1.0053-1.1430  for  square 
heads  and  1.0053-1.0600  for  hexagonal  heads.  Visible  indicia 
of  the  sizes  of  at  least  two  different  fastener  head  sizes  are 
carried  adjacent  each  opening. 
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ROTARY  WRENCHING  TOOL 

FIELD  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  r o t a r y   t o o l s   of  t h e  

t y p e   u s e d   in  r o t a t i n g   or  " w r e n c h i n g "   f a s t e n e r s   such   a s  

b o l t s   and  s c r e w s   h a v i n g   p o l y g o n a l   ( e . g . ,   s q u a r e   o r  

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

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

s i z e d   or  marked   in  v a r i o u s   m e a s u r i n g   s y s t e m s   such   a s  

t h e   m e t r i c   s y s t e m ,   t he   E n g l i s h   or  i n c h   s y s t e m   such   a s  

t h e   A m e r i c a n   f r a c t i o n a l   s y s t e m   (AF  and  SAE),   and  t h e  

B r i t i s h   s y s t e m s   s u c h   as  BA,  BS  and  W h i t w o r t h   ( W ) .  

BACKGROUND  OF  THE  INVENTION 

Many  c o u n t r i e s   have   a d o p t e d   t h e   m e t r i c   m e a s u r -  

i n g   s y s t e m   fo r   t he   m a n u f a c t u r e   of  b o l t s ,   s c r e w s ,   n u t s  

and  w r e n c h e s .   Such  c o u n t r i e s   as  F r a n c e ,   G e r m a n y ,  

I t a l y ,   J a p a n ,   C z e c h o s l o v a k i a   and  R u s s i a '   t o d a y   a l m o s t  

e x c l u s i v e l y   u t i l i z e   t he   m e t r i c   s y s t e m   f o r   s u c h   m a n u -  

f a c t u r e s .   The  U n i t e d   S t a t e s ,   C a n a d a ,   E n g l a n d ,  

A u s t r a l i a ,   New  Z e a l a n d   and  t h e   l i k e ,   use   m e a s u r i n g  
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y s t e m s   b a s e d   upon   b o t h   t h e   E n g l i s h   ( i n c h )   and   m e t r i c  

e a s u r i n g   s y s t e m s .  

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

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

o c k e t s   and  o t h e r   w r e n c h e s .   T h e s e   s t a n d a r d s ,   w h i c h  

i i f f e r   a t   l e a s t   in  p a r t   f r o m   one  a n o t h e r ,   i n c l u d e   S A E ,  

,STM,  MIL,  GGG-W,  BS,  PS,  DIN,  J S ,   CSN,  JOS,   a n d  

50ST.  No  u n i f o r m   i n t e r n a t i o n a l   s t a n d a r d   h a s   y e t   b e e n  

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

l e v o t e d   to  t h e   e f f o r t   to   r e a c h   a  s t a n d a r d   a c c e p t a b l e  

:o  a l l   t e c h n i c a l l y   d e v e l o p e d   c o u n t r i e s .   G r e a t  

3 r i t a i n ,   f o r   e x a m p l e ,   p r e s e n t l y   u s e s   up  to   s i x   d i f -  

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

w r e n c h e s .   The  U n i t e d   S t a t e s   p r e d o m i n a n t l y   u s e s   t h e  

E n g l i s h   ( i n c h )   s y s t e m   (AF,  ANSI,   MIL  and  SAE)  a n d ,   t o  

some  e x t e n t ,   t h e   m e t r i c   s y s t e m   ( m i l l i m e t e r s ) .   T h e  

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

men t   of  new  t y p e s   of  b o l t s ,   n u t s   and  w r e n c h i n g   t o o l s .  

P e r i o d i c   r e v i e w s   and  r e v i s i o n s   of  s u c h   s t a n d a r d s   h a v e  

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

d e v e l o p m e n t   of  a  new  t y p e   of  w r e n c h e s ,   and  t h e   i s -  

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

t e e n   y e a r s .   C o n s e q u e n t l y ,   a  v a s t   n u m b e r   of  d i f f e r e n t  

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

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

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

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

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

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

g e n e r a l .  

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

in  U . S .   P a t e n t   4 , 1 0 0 , 8 2 4   w h i c h   d e s r i b e s   a  w r e n c h   w i t h  

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

g r o o v e s   s i z e d   in  t h e   E n g l i s h   s y s t e m   and  a n o t h e r   s e t   o f  



■  3  -  

j r o o v e s   s i z e d   in  t h e   m e t r i c   s y s t e m .   T h i s   p a t e n t   d o e s  

jot   a d d r e s s   t h e   p r o b l e m s   c r e a t e d   t h r o u g h   t h e   use   o f  

v a r i o u s   a d d i t i o n a l   m e a s u r i n g   s y s t e m s .   Ca re   n e e d s   t o  

ie  t a k e n   w i t h   t h i s   s y s t e m   to  i n s e r t   t h e   b o l t   or  n u t  

l ead   in  t h e   c o r r e c t   s e t   of  g r o o v e s ,   and  t h i s   w r e n c h i n g  

s y s t e m   m o r e o v e r   g e n e r a l l y   i s   n o t   s u i t a b l e   f o r   use   i n  

I m p a c t   or  power   s o c k e t s   or  in  open   end  w r e n c h e s   a n d  

B r i t i s h   s i z e d   s p a n n e r s   and  s o c k e t s .  

U .S .   P a t e n t   3 , 0 2 7 , 7 9 0   d i s c l o s e s   a  w r e n c h   " h a v i n g  

s e v e r a l   m o v i n g   p a r t s   as  a d a p t o r s   and  d o e s   n o t   a p p e a r  

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

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

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

e x t r a n e o u s   p a r t s .  

I t   w o u l d   be  d e s i r a b l e   to   p r o v i d e   s i m p l i f i e d  

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

or  more  a n d ,   d e s i r a b l y ,   up  to  s i x   d i f f e r e n t   s i z e s   o f  

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

b e a r i n g   a c t i o n   in  t i g h t e n i n g   or  l o o s e n i n g   f a s t e n e r s  

w i t h o u t   damage   to   e i t h e r   t h e   t o o l   or  t h e   f a s t e n e r .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   in  one  e m b o d i m e n t   p r o v i d e s  

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

u n i f o r m   i n t e r i o r   c o n f i g u r a t i o n s   and  no  m o v i n g   p a r t s  

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

( n u t s ,   s c r e w s ,   b o l t s ,   e t c . )   h a v i n g   s q u a r e ,   h e x a g o n a l  

or  o t h e r   p o l y g o n a l   h e a d s   s u c h   t h a t   one  t o o l   s i z e   i s  

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

h e a d s   n o m i n a l l y   s i z e d   in  a t   l e a s t   two  and  up  to  s i x  

d i f f e r e n t   n o m i n a l   s i z e s   and  up  to  s e v e n   d i f f e r e n t   s y s -  

tem  m a r k i n g s .   By  " r o t a r y   t o o l " ,   " s p a n n e r "   o r  

" w r e n c h " ,   as  u s e d   h e r e i n ,   r e f e r e n c e   i s   made  to  t o o l s  
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:  e n c o m p a s s   t h e   p o l y g o n a l   h e a d s   of  t h r e a d e d   f a s t e n e r s  

i ch   as  b o l t s   and  s c r e w s   to   r o t a t e   t h e   f a s t e n e r s ,  

t m s ,   s u c h   t o o l s   may  be  of  t h e   s o c k e t   v a r i e t y   in  w h i c h  

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

f  t h e   t h r e a d e d   member   and  i s   moved   i n t o   s u c h   p o s i t i o n  

x i a l l y   of  t h e   t h r e a d e d   m e m b e r ,   or  may  be  of  t h e  

p a n n e r   or  o p e n - e n d   w r e n c h   v a r i e t y   in  w h i c h   t h e   r o t a r y  

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

h r e a d e d   member   and  may  be  moved   i n t o   i t s   w r e n c h i n g  

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

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

z o o l s   as   may  c o m m o n l y   be  r e f e r r e d   to   as  s o c k e t  

t r e n c h e s ,   b o x - e n d   s p a n n e r s ,   r a t c h e t i n g   b o x - e n d ,   o p e n  

2nd,  n u t   d r i v e r s ,   f l a r e - n u t ,   l u g - n u t ,   c r o w f o o t   a n d  

c o m b i n a t i o n   w r e n c h e s ,   i m p a c t   and   power   s o c k e t  

t r e n c h e s ,   f l e x - h e a d   w r e n c h e s ,   e t c .   - 

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

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

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

maximum  and  m in imum  s i z e d   s q u a r e - h e a d e d   m e m b e r s   s u c h  

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

o p p o s i n g   f l a t s   of  s u c h   maximum  and   minimum  s q u a r e -  

h e a d e d   m e m b e r s   r a n g e s   f r o m   a b o u t   1 . 0 0 5 3   to   a b o u t  

1 . 1 4 3 0 .   S i m i l a r l y ,   in   t h i s   f i r s t - m e n t i o n e d   e m b o d i -  

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

t h r e a d e d   m e m b e r s   h a v i n g   h e x a g o n a l   h e a d s   a re -   so  s i z e d  

as  to  a c c o m m o d a t e   maximum  and  min imum  s i z e d   h e x a g o n a l  

h e a d e d   m e m b e r s   s u c h   t h a t   t h e   maximum  r a t i o   of  t h e  

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

maximum  and  m in imum  s i z e d   m e m b e r s   r a n g e s   f r o m   a b o u t  

1 . 0 0 5 3   to  a b o u t   1 . 0 6 0 0 .   F u r t h e r ,   s u c h   w r e n c h i n g   t o o l s  

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

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

t he   t o o l   and  t h e   h e a d   c o r n e r s .   V i s i b l e   i n d i c i a   a r e  

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

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

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

d i f f e r e n t   s i z i n g   s y s t e m s .  

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

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

f i g u r e d   o p e n i n g   f o r   r e c e i v i n g   a  p o l y g o n a l   head   of  a  
t h r e a d e d   m e m b e r .   The  o p e n i n g   may  h a v e   an  a x i s   o f  

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

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

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

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

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

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

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

c o n v e x   to   t h e   a x i s   of  t h e   o p e n i n g   and  s p a c e d   a b o u t   t h e  

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

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

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

d i s t a n c e   R^  f r o m ,   b u t   p a r a l l e l   t o ,   t he   a x i s   of  t h e  

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

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

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

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

R  is   s u c h   t h a t   i f   r  e q u a l s   R,  t h e   w r e n c h   i n c l u d e s   s u r -  

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

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

R^  d e s i r a b l y   i s   l a r g e r   t h a n   r ^ ,   and  in  t h e   c a s e  

w h e r e   e a c h   s e c o n d   a x i s   i s   a n g u l a r l y   s p a c e d   f r o m   a t  
l e a s t   one  n e x t   a d j a c e n t   s e c o n d   a x i s   by  6 0 ° ,   t h e   r a t i o  

R . / r ,   d e s i r a b l y   e x c e e d s   1 .5   and  p r e f e r a b l y   e x c e e d s  
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,0 .   In  t h i s   c a s e   a l s o ,   R  i s   a e s i i a o i y   »-« 

r e a t e r   t h a n   r ,   and  t h e   r a t i o   R / r   p r e f e r a b l y   e x c e e d s  

s o u t   5 . 0 .   A l s o   in   t h i s   e m b o d i m e n t   in  w h i c h   e a c h  

e c o n d   a x i s   i s   a n g u l a r l y   s p a c e d   by  60°  f rom  a t   l e a s t  

ne  n e x t   a d j a c e n t   s e c o n d   a x i s ,   t h e   a d j a c e n t   a r c u a t e  

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

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

b o v e   may ,   i f   d e s i r e d ,   be  s p a c e d   f r o m   one  a n o t h e r   b y  

5°  or  by  90°  to  t h e r e b y   p r o v i d e   an  o p e n i n g   a c c o m -  

m o d a t i n g   s q u a r e   h e a d s   of  t h r e a d e d   m e m b e r s .   The  w r e n c h  

> p e n i n g   may  be  p r o v i d e d   w i t h   a  p l u r a l i t y   of  c i r c u m -  

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

I n t e r s e c t   a t   s h a r p   a n g l e s ,   e . g . ,   a p p r o x i m a t e l y   a t  

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

f a c e s   .  F u r t h e r ,   i n w a r d l y   c o n v e x   a r c u a t e   s u r f a c e s   o f  

a i f f e r e n t   s i z e s   may  be  i n t e r s p e r s e d   w i t h   one  a n o t h e r .  

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

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

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

f a s t e n e r   h e a d s   s i z e d   in   two ,   p r e f e r a b l y   t h r e e ,   and  u p  

to   s i x   d i f f e r e n t   n o m i n a l   s i z e s .   The  r a t i o   ( d e t e r m i n e d  

as  d e s c r i b e d   a b o v e )   f o r   t o o l s   of  t h i s   s e c o n   e m b o d i m e n t  

a c c e p t i n g   s q u a r e   h e a d s   r a n g e s   f r o m   1 . 0 0 0 1   to   a b o u t  

1 . 1 4 3 0   and   f o r   t o o l s   a c c e p t i n g   h e x a g o n a l   h e a d s   r a n g e s  

f r o m   1 . 0 0 0 1   to   a b o u t   1 . 0 6 0 0 .   A l s o ,   as  t h e   w r e n c h  

o p e n i n g   s i z e s   a r e   v a r i e d   ( F i g u r e s   8,  9,  14 ,   17 ,   1 8 ,  

19 ,   20,   2 1 ) ,   t h e   i n c l u d e d   a n g l e   b e t w e e n   a d j a c e n t   f l a t s  

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

f a s t e n e r   h e a d s   s i z e d   in   d i f f e r e n t   s i z i n g   s y s t e m s .  

DESCRIPTION  OF  THE  DRAWING 

F i g u r e   1  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  c o n -  

v e n t i o n a l   t w o - c o n t a c t   p o i n t   d r i v e   w r e n c h ,   t h e   w r e n c h  



a t s   m a k i n g   c o n t a c t   w i t h   c o r n e r s   o f   a  s q u a r e   o r "  

i x a g o n a l   b o l t   h e a d   as  shown  in  p h a n t o m   l i n e s ;  

F i g u r e   2  i s   a  b r o k e n - a w a y   p l a n   v i ew  of  a  c o n -  

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

l a t   of  F i g u r e   1 ;  

F i g u r e   3  is   a  b r o k e n - a w a y   p l a n   v i ew  of  a  c o n -  

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

ha t   of  F i g u r e s   1  and  2 ;  

F i g u r e   4  i s   a  b r o k e n - a w a y   p l a n   v i ew  of  a  c o n -  

e n t i o n a l   w r e n c h   s i m i l a r   to  t h a t   of  F i g u r e   1  b u t   h a v -  

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

o l t   h e a d s ;  

F i g u r e   5  is   a  b r o k e n - a w a y   p l a n   v i ew  of  a  c o n -  

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

i r i t i s h   P a t e n t   5 0 8 , 7 6 1   f o r   u se   w i t h   h e x a g o n a l   b o l t  

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

l e a d ,   and  w h i c h   can  be  s i z e d   in  a c c o r d a n c e   w i t h   t h e  

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

F i g u r e   6  i s   a  b r o k e n - a w a y   p l a n   v i ew  of  a  c o n -  

/ e n t i o n a l   t w e l v e - c o n t a c t   p o i n t   d r i v e   w r e n c h   f o r   t u r n -  

ing  h e x a g o n a l   h e a d e d   b o l t s ;  

F i g u r e   7  is   a  b r o k e n - a w a y   p l a n   v i ew   of  a  

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

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

t y p e   d e s c r i b e d   in  U.S.   P a t e n t   3 , 1 2 5 , 9 1 0 ,   w h i c h   w r e n c h  

can  be  s i z e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   8  i s   a  b r o k e n - a w a y   p l a n   v iew  of  a  

t w e l v e - p o i n t   d r i v e   w r e n c h   w h i c h   d o e s   no t   c o n t a c t  

c o r n e r s   of  a  h e x a g o n a l   b o l t ,   one  t y p e   of  w h i c h   i s  

shown  in  U.S .   P a t e n t s   3 , 2 7 2 , 4 3 0   and  3 , 4 9 5 , 4 8 5 ,   w h i c h  

w r e n c h   can  be  s i z e d   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n .  
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F i g u r e   9  i s   a  b r o k e n - a w a y   p l a n   v i e w   of   a  

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

own  in   U . S .   P a t e n t   3 , 0 7 9 , 8 1 9   w h i c h   can   be  s i z e d   i n  

; C o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   10  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  

, o - c o n t a c t   p o i n t   w r e n c h   d r i v i n g   s q u a r e   and  h e x a g o n a l  

, t s f   and   w h i c h   can   be  s i z e d   in  a c c o r d a n c e   w i t h   t h e  

i s t a n t   i n v e n t i o n ;  

F i g u r e   11  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  

o u r - c o n t a c t   p o i n t   w r e n c h   s i m i l a r   to  t h a t   of  F i g u r e   1 0  

nd  w h i c h   can   be  s i z e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

n  v e n t   i o n ;  

F i g u r e   12  is   a  b r o k e n - a w a y   p l a n   v i e w   of  a  

h r e e - c o n t a c t   p o i n t   w r e n c h   of  t h e   t y p e   d e s c r i b e d   i n  

r .S .   P a t e n t   3 , 6 9 5 , 1 2 4 ,   u s e d   f o r   h e x a g o n a l   b o l t   h e a d s  

md"  w h i c h   d o e s   n o t   c o n t a c t   t h e   c o r n e r s   of  t h e   h e a d s ,  

n  a  m a n n e r   s i m i l a r   to   t h a t   shown  in  F i g u r e s   10  a n d  

Ll,  and  w h i c h   w r e n c h   can   be  s i z e d   in   a c c o r d a n c e   w i t h  

the   p r e s e n t   i n v e n t i o n ;  

F i g u r e   13  i s   a  b r o k e n - a w a y   p l a n   v i e w   of   a  

s i x - c o n t a c t   p o i n t   d r i v e   w r e n c h '   u s e d   f o r   h e x a g o n a l   b o l t  

h e a d s   and   w h i c h   d o e s   n o t   c o n t a c t   t h e   c o r n e r s   of  t h e  

h e a d s ,   w h i c h   w r e n c h   can   be  s i z e d   in  a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n ?  

F i g u r e   14  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  

t w e l v e - p o i n t   " s p l i n e "   d r i v e   w r e n c h   of  t h e   t y p e   s h o w n  

in  U . S .   P a t e n t   3 , 6 7 5 , 5 1 6 ,   u s e d   f o r   t u r n i n g   s p l i n e d  

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

can   be  s i z e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   15  i s   a  b r o k e n - a w a y   p l a n   v i e w   of   a  n o v e l  

s i x - c o n t a c t   p o i n t   w r e n c h i n g   s y s t e m ;  

F i g u r e   16  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

s i x - c o n t a c t   p o i n t   w r e n c h i n g   s y s t e m ;  
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F i g u r e   17  i s   a  b r o k e n - a w a y   p l a n   v i e w   or  a  n o v e l  

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

. o l t   h e a d s ;  

F i g u r e   18  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

i i g h t - c o n t a c t   p o i n t   d r i v e   w r e n c h   f o r   use   w i t h   s q u a r e  

>o l t   h e a d s ;  

F i g u r e   19  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

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

t i o n   of  w r e n c h i n g   e l e m e n t s ;  

F i g u r e   20  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

s i x - c o n t a c t   p o i n t   d r i v e   w r e n c h i n g   s y s t e m ;  

F i g u r e   21  i s   a  b r o k e n - a w a y   p l a n   v i ew   of  a  n o v e l  

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

b o l t   h e a d s   ; 

F i g u r e   22  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

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

t u r n i n g   h e x a g o n a l   b o l t   h e a d s ;  

F i g u r e   23  i s   a  b r o k e n - a w a y   p l a n   v i ew   of  a  n o v e l  

t w e n t y - f o u r - c o n t a c t   p o i n t   d r i v e   w r e n c h ;  

F i g u r e   24  i s   a  b r o k e n - a w a y   p l a n   v i e w   of  a  n o v e l  

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

f o r   h e x a g o n a l   b o l t   h e a d s ;  

F i g u r e   25  i s   a  b r o k e n - a w a y   p l a n   v i ew   of  a  n o v e l  

w r e n c h   h a v i n g   s i x   c o n t a c t   p o i n t s   s i z e d   in  one  m e a s u r -  

i n g   s y s t e m   and  s i x   c o n t a c t   p o i n t s   s i z e d   in  a n o t h e r ;   a n d  

F i g u r e   26  i s   a  b r o k e n - a w a y   p l a n   view,  of  a  n o v e l  

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

DESCRIPTION  OF  PREFERRED  EMBODIMENTS 

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

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

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

ing   s u r f a c e s   of  a  r o t a r y   w r e n c h i n g   t o o l   and  a  nu t   o r  
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. o l t   h e a d .   W i t h   r e f e r e n c e   to   F i g u r e   l ,   f o r   e x a m p l e ,  

:he  w r e n c h   (10)   h a s   w r e n c h   f l a t s   ( 1 1 ) ,   (12)   w h i c h   a r e  

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

m o d a t e   t h e   c o n f r o n t i n g   f l a t   s u r f a c e s   ( 1 3 ) ,   (14)   of  a  

l e x a g o n a l   b o l t ,   shown  in  p h a n t o m   l i n e s .   I f   t h e   w r e n c h  

Ls  t u r n e d   in  t h e   d i r e c t i o n   of   a r r o w   A,  i t   w i l l   b e  

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

c o r n e r s   of   t h e   b o l t   h e a d ,   r a t h e r   t h a n   upon  t h e   f l a t  

s u r f a c e s   of  t h e   b o l t   h e a d ?   t h i s   i s   r e f e r r e d   to   a s  

" c o r n e r   c o n t a c t " ,   and  u s e   of  w r e n c h e s   of  t h i s   t y p e   c a n  

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

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

t h e   t y p e   shown  in  F i g u r e   7,  on  t h e   o t h e r   h a n d ,   t h e  

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

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

p o i n t s   ( a c t u a l l y ,   l i n e s )   a l o n g   t h e   l e n g t h   of   t h e   f l a t  

b o l t   h e a d   e d g e s .   The  r o u n d e d   l o b e s   (15)   of  t h e   w r e n c h  

( 1 6 )   i n i t i a l l y   make  l i n e   c o n t a c t   w i t h   t h e   b o l t   h e a d ,  

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

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

and   t h e   b o l t   h e a d   o c c u r s   o v e r   a  b r o a d e r   s u r f a c e .  

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

d e p i c t e d   in   F i g u r e   8,  h a v e   b e e n   a d v e r t i s e d   as  p r o v i d -  

i n g   " f l a t - t o - f l a t "   s u r f a c e   c o n t a c t   w i t h   h e x a g o n a l   b o l t  

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

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

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

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

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

d e f o r m e d   by  s h a r p   e d g e s   of  t h e   w r e n c h .   No te   t h a t   t h e  

w r e n c h   of  F i g u r e   8,  in  a  m a n n e r   s i m i l a r   to   t h a t   s h o w n  

in   F i g u r e   5,  e m p l o y s   r e c e s s e d   p o r t i o n s   to  a c c o m m o d a t e  
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c o r n e r s   e d g e s   of   f a s t e n e r   h e a d s   to   t h e r e b y   a v o i d  

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

Wi th   r e f e r e n c e   to   t h e   t o o l s   e x e m p l i f i e d   in  t h e  

d r a w i n g   ( e x c e p t   f i g u r e   2 5 ) ,   s u c h   t o o l s   a r e   c h a r a c -  

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

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

m e n t s   ( e . g . ,   l o b e s )   a r e   r a d i a l l y   s p a c e d   t h e   same  d i s -  

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

For  e x a m p l e ,   t h e   l o b e s   (15)   d e p i c t e d   in  F i g u r e   7  a r e  

e q u a l l y   r a d i a l l y   s p a c e d   f rom  t h e   a x i s   X.  In  c o n t r a s t ,  

t h e   c i r c u m f e r e n t i a l   s u r f a c e   p o r t i o n s   (48)   shown  i n  

F i g u r e   25  a r e   s p a c e d   u n e q u a l l y   r a d i a l l y   f rom  t h e   a x i s  

X,  as  w i l l   be  d e s c r i b e d   more  f u l l y   b e l o w .  

Wi th   r e f e r e n c e   to  one  e m b o d i m e n t   of  t h e   i n v e n -  

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

no  m o v i n g   p a r t s   and  w h i c h   a r e   s p e c i f i c a l l y   s i z e d   f o r  

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

h a v e   s q u a r e ,   h e x a g o n a l   or  o t h e r   p o l y g o n a l   h e a d s .  

T h e s e   w r e n c h i n g   t o o l s   a r e   c h a r a c t e r i z e d   by  b e i n g  

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

h e a d s   n o m i n a l l y   s i z e d   in  a t   l e a s t   two  d i f f e r e n t   s y s -  
tems   s u c h   a s ,   f o r   e x a m p l e ,   t h e   A m e r i c a n   F r a c t i o n a l  

s t a n d a r d   ( " A F " )   and  t h e   B r i t i s h   S t a n d a r d s   ( " B S " ,   f o r  

e x a m p l e ) ,   and  of  c a r r y i n g   a t   l e a s t   two  and  p r e f e r a b l y  

t h r e e   or  more   s u i t a b l e   s i z e   m a r k i n g s   in  d i f f e r e n t   s i z e  

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

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

s c o r i n g   or  r o u n d i n g   of  t h e   h e a d s   does   n o t   o c c u r   e v e n  

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

Such  s t r o n g   and  a d e q u a t e   f i t t i n g   of  t h e   t o o l   to  t h e  

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

e x c e s s i v e   s u b s t a n t i a l   w r e n c h i n g   t o r q u e   i s   more  a p t   t o  

c a u s e   p h y s i c a l   b r e a k a g e   of  t h e   f a s t e n e r   h e a d   f r o m   t h e  
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.  —  «-  w.iv,  .i.v.t.  u s u c t   ,  ui  oxiup±y  c a u s e   t h e  
d e f o r m a t i o n   ( " s t r i p p i n g " )   of   t h e   s t e m   t h r e a d s ,   o f  
p a r t i c u l a r   i m p o r t a n c e   to   t h i s   e m b o d i m e n t   of  t h e   i n v e n -  
t i o n   a r e   t h o s e   w r e n c h e s   w h i c h   h a v e   h e a d - c o n f r o n t i n g  
s u r f a c e s   t h a t   a r e   c o n t o u r e d   to   p r o v i d e   r e c e s s e s   o p -  
p o s i t e   c o r n e r s   of  t h e   h e a d s   to   t h e r e b y   a v o i d   c o n t a c t  
w i t h   t h e   h e a d   c o r n e r s .   Mos t   p r e f e r a b l y ,   t h e   h e a d - c o n -  
f r o n t i n g   s u r f a c e s   of  t h e   r o t a r y   t o o l   a r e   p r o v i d e d   w i t h  
i n w a r d l y   p r o t r u d i n g ,   r o u n d e d   l o b e s   p o s i t i o n e d   t o  
s n c o u n t e r   t h e   h e a d   of  a  f a s t e n i n g   member  a l o n g   f l a t  
s u r f a c e s   of  t h e   h e a d ,   r a t h e r   t h a n   a t   i t s   c o r n e r s ,   t h e  
L o b e ,   upon   t h e   a p p l i c a t i o n   of  s u b s t a n t i a l   t o r q u e ,  
t e n d i n g   to   s l i g h t l y   d e f o r m   t h e   f l a t   s u r f a c e s   of  t h e  
l e a d   to   p r o v i d e   s u r f a c e - t o - s u r f a c e   c o n t a c t   b e t w e e n   t h e  
t r e n c h   and  h e a d .  

The  d r i v i n g   h e a d s   of   b o l t s   and  s i m i l a r   f a s t e n -  
ing  m e m b e r s   can   be  s i z e d   in   t h e   m e t r i c   s y s t e m   ( e . g . ,  
am)  and   a l s o   in   i n c h e s   u s i n g   A m e r i c a n   F r a c t i o n a l  
: - A F " )   s t a n d a r d s   (SAE,  MIL,  e t c . )   and  B r i t i s h  
s t a n d a r d s   s u c h   as  "BS"  ,  "BA"  and  "W"  ( W h i t w o r t h )  
m e a s u r e m e n t s .   The  w r e n c h e s   of   t h i s   e m b o d i m e n t   of  t h e  
n v e n t i o n   a r e   s i z e d   so  as  s t r o n g l y   and  a d e q u a t e l y  

t c c o m m o d a t e   f a s t e n e r   h e a d s   of   a t   l e a s t   two  d i f f e r e n t  
t o m i n a l   s i z e s   s u c h   t h a t   t h e   r a t i o   of   t h e   n o m i n a l   d i s -  
: a n c e s   a c r o s s   o p p o s i n g   h e a d   s u r f a c e s   f a l l s ,   in   t h e  
:ase   of  s q u a r e   h e a d s ,   w i t h i n   t h e   r a n g e   of  a b o u t   1 . 0 0 5 3  
o  a b o u t   1 . 1 4 3 0 ,   a n d ,   in  t h e   c a s e   of  h e x a g o n a l   h e a d s ,  
i t h   t h e   r a n g e   of  a b o u t   1 . 0 0 5 3   to  a b o u t   1 . 0 6 0 0 .  

T a b l e   I  s e t   ou t   b e l o w   p r o v i d e s   a  n o n - i n c l u s i v e ,  
x e m p l a r y   l i s t   of  n o m i n a l   h e a d   o p e n i n g s   and  s i z e   c o m -  
i n a t i o n s   f o r   s q u a r e   and  h e x a g o n a l   head   f a s t e n e r s ,  
e f e r r i n g ,   f o r   e a s e   of  e x p l a n a t i o n ,   to  t h e   f i r s t   e n t r y  
n  t h e   t a b l e ,   t h i s   e n t r y   d e s c r i b e s   a  w r e n c h   w h i c h   w i l l  



-  13  -  
0 2 3 6 6 3 0  

r u n y   and  a d e q u a t e l y   e n g a g e   t he   p o l y g o n a l   h e a d   of  a  
t h r e a d e d   f a s t e n e r   t h a t   has   t he   n o m i n a l   d i m e n s i o n s   o f  
1.5mm  &  1 / 1 6   (AF,  U . S .   s t a n d a r d )   &  16  BA  ( B r i t i s h  

s t a n d a r d ) .   As  shown  in  t he   t a b l e ,   1 / 1 6   i n c h e s   c o n -  
v e r t s   to  1 . 5 8 7 5   m i l l i m e t e r s .   16  BA,  in  t h e   B r i t i s h  
s t a n d a r d ,   c o r r e s p o n d s   to  1 . 4 2 2 4 m m .   1 .5mm,   in  t h e  
m e t r i c   s y s t e m ,   i s ,   of  c o u r s e ,   1 .5mm.  The  m a x i m u m  
r a t i o   of  t h e   maximum  n o m i n a l   d i s t a n c e   a c r o s s   f l a t s  
( 1 . 5 8 7 5 )   to   t h e   min imum  n o m i n a l   d i s t a n c e   a c r o s s   f l a t s  
( 1 . 4 2 2 4 )   i s   1 . 1 1 6 1 ,   and  t h i s   is  r e c o r d e d   in  t h e   f i n a l  
c o l u m n   of  t h e   t a b l e .   As  f u r t h e r   e x p l a n a t i o n ,   t h e   l a s t  
e n t r y   in  t h e   t a b l e   r e f e r s   to  a  f a s t e n e r   h e a d   h a v i n g   a  
n o m i n a l   d i s t a n c e   a c r o s s   o p p o s i n g   f l a t s   of  220mm.  T h e  
w r e n c h   of  t h e   i n v e n t i o n ,   s u i t a b l y   s i z e d ,   a l s o   f u l l y  
and  a d e q u a t e l y   f i t s   f a s t e n e r   h e a d s   s i z e d   in  t h e   U . S .  
A m e r i c a n   F r a c t i o n a l   s y s t e m   as  8  5 / 8 "   &  8  3 / 4 " .   T h e  
l a t t e r   n o m i n a l   v a l u e s   c o r r e s p o n d   to  2 1 9 . 0 7 3 1 m m   a n d  

2 2 2 . 2 4 8 1 m m ,   r e s p e c t i v e l y .   The  maximum  r a t i o   of  t h e  
maximum  n o m i n a l   s i z e   to  t he   minimum  n o m i n a l   s i z e   h e n c e  
i s   2 2 2 . 2 4 8 1 / 2 1 9 . 0 7 3 1 ,   or  1 . 0 1 4 5 .   The  r a t i o s   t h u s  
r e f e r r e d   to  a r e   c a l c u l a t e d   a c c o r d i n g   to  t h e   f o l l o w i n g  
f o r m u l a :  

R a t i o   =  maximum  n o m i n a l   head   s i z e   in  m i l l i m e t e r s  
min imum  n o m i n a l   head   s i z e   in  m i l l i m e t e r s  
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The  r o t a r y   w r e n c h i n g   t o o l s   of  t h i s   e m b o d i m e n t  

5f  t he   i n v e n t i o n   w i l l   b e a r   v i s u a l l y   r e a d a b l e   m a r k i n g s  

i n d i c a t i n g   t he   a t   l e a s t   two  and  p r e f e r a b l y   t h r e e   d i f -  

f e r e n t   head   s i z e s   f o r   w h i c h   t h e y   w e r e   d e s i g n e d .   F o r  

e x a m p l e ,   t he   f i r s t   w r e n c h   a p p e a r i n g   in  T a b l e   I  may  b e  

m a r k e d   " 1 . 5   mm  &  l / 1 6 i n .   &  16  BA"  .  The  t a b l e   has   b e e n  

c o m p u t e d   u s i n g   i n t e r n a t i o n a l   ( ISO)   and  many  n a t i o n a l  

s t a n d a r d s   and  s p e c i f i c a t i o n s   f r o m   t h e   U n i t e d '   S t a t e s  

(SAE,  ANSI,  MIL,  ASTM),  B r i t i s h   ( B S ) ,   German   (DIN)  , 

F r a n c e   ( F S ) ,   Y o g o s l a v i a   ( J U S ) ,   J a p a n   ( J S )   and  s p e c i f i -  

c a t i o n s   f rom  v a r i o u s   m a n u f a c t u r e r s   in   t h e   U n i t e d  

S t a t e s ,   E n g l a n d ,   F r a n c e ,   G e r m a n y ,   C a n a d a ,   J a p a n ,  

I t a l y ,   S w e d e n ,   S p a i n ,   c z e c h o s l a v a k i a ,   Y u g o s l a v i a ,  

T a i w a n ,   C h i n a ,   B r a z i l ,   e t c .  

With  r e f e r e n c e   to  F i g u r e s   3 - 2 6 ,   e a c h   f i g u r e  

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

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

p o s i t i o n s   shown  in  p h a n t o m   l i n e s   r e f e r r i n g   to  t h e  

s m a l l e s t   b o l t   h e a d   t h a t   can  be  f u l l y   and  a d e q u a t e l y  

g r i p p e d   by  t h e   t o o l .   C e r t a i n   of  t h e   F i g u r e s   a l s o   s h o w  

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

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

t he   b o l t   h e a d )   or  in  o p e n - e n d e d   w r e n c h   f o r m .   I n  

F i g u r e   3,  f o r   e x a m p l e ,   a  s o c k e t   i s   shown  in  d o t t e d  

l i n e s   as  ( 1 7 ) ,   t he   o p e n - e n d e d   w r e n c h i n g   t o o l   v e r s i o n  

b e i n g   shown  in  s o l i d   l i n e s   as  ( 1 8 ) .   In  F i g u r e s   4,  5 ,  

7,  9 - 1 1 ,   1 3 - 1 9 ,   22  and  23,   s i m i l a r l y ,   t h e   s o c k e t  

e m b o d i m e n t   i s   shown  in  s o l i d   l i n e s   as  (20)   and  t h e  

o p e n - e n d e d   e m b o d i m e n t   i s   shown  in  p h a n t o m   l i n e s   a s  

( 2 2 ) .   F u r t h e r ,   a l t e r n a t e   p o s i t i o n s   f o r   t h e   e n d s   o f  

t h e   o p e n - e n d e d   e m b o d i m e n t s   may  be  v a r i e d ,   and  s e v e r a l  

p o s i t i o n s   a r e   s h o w n ,   f o r   e x a m p l e ,   in  F i g u r e s   14,   2 4 ,  

25  and  2 6 .  
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The  f o l l o w i n g   n o n - l i m i t i n g   e x a m p l e s   w i l l   s e r v e  

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

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

E x a m p l e   i  

W i t h   r e f e r e n c e   to   t h e   e m b o d i m e n t   shown  i n  

Lgure   16 ,   s o c k e t   and  o p e n - e n d   r o t a r y   w r e n c h i n g   t o o l s  

nown  g e n e r a l l y   a t   ( 2 0 )   and   (22)   a r e   s i z e d   so  as  t o  

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

h r e a d e d   f a s t e n e r s   s i z e d   4  mm  &  5 / 3 2 "   &  8  BA,  g i v i n g   a  

a t i o   of  1 . 0 3 6 3 .   The  w r e n c h   of  F i g u r e   16 ,   as  s h o w n  

rom  t h e   d r a w i n g ,   h a s   an  a x i s   of  r o t a t i o n   X  t h a t  

x t e n d s   n o r m a l   to   t h e   p l a n e   of  t h e   p a p e r   and  has   a n  

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

l e m b e r ,   in   t h i s   c a s e ,   a  h e x a g o n a l   h e a d   shown  as  " H " .  

?he  o p e n i n g   h a s   an  i n n e r ,   h e a d - c o n f r o n t i n g   s u r f a c e  

; o m p r i s i n g   a  s e r i e s   of   a r c u a t e   f i r s t   s u r f a c e s   ( 2 4 )  

: o n c a v e   to   t h e   a x i s   of   t h e   o p e n i n g   and  s p a c e d   a b o u t  

:he  c i r c u m f e r e n c e   of   t h e   o p e n i n g .   Each  s u c h   f i r s t  

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

E a l l i n g   a  g i v e n   r a d i a l   d i s t a n c e   r  f r om  a  f i r s t   a x i s  

"a"  t h a t   i s   i t s e l f   s p a c e d   a  d i s t a n c e   t1   f r o m ,   b u t  

p a r a l l e l   t o ,   t h e   a x i s   X  of   t h e   o p e n i n g .   B e t w e e n   t h e  

a r c u a t e   f i r s t   s u r f a c e s   (24 )   a r e   p o s i t i o n e d   a  s e r i e s   o f  

a r c u a t e   s e c o n d   s u r f a c e s   (26 )   w h i c h   a r e   c o n v e x   to  t h e  

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

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

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

r a d i a l   d i s t a n c e   R  f r o m   a  s e c o n d   a x i s   A  w h i c h   i s   i t s e l f  

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

X  of   t h e   o p e n i n g .   E a c h   s u r f a c e   t h a t   f o r m s   t h e   o p e n i n g  

and   t h a t   i s   c o n t i g u o u s   to   an  a r c u a t e   s u r f a c e   t a n g e n -  

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

a b l y   i s   l a r g e r   t h a n   r x ,   and   t h e   r a t i o   R - j / ^  
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d e s i r a b l y   e x c e e d s   1 .5   and  p r e f e r a b l y   e x c e e d s   2 . 0 .   T h e  

a r c u a t e   s e c o n d   s u r f a c e s   ( 2 6 ) ,   i t   w i l l   be  n o t e d ,   f o r m  

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

w i t h   t he   f l a t s   of  a  h e x a g o n a l   h e a d   of   a  t h r e a d e d  

m e m b e r .   One  s u c h   m e m b e r ,   d e s i g n a t e d   " h , "   i s   shown  i n  

o p e r a t i v e   c o n t a c t   w i t h   t h e   l o b e s .   Each   s e c o n d   a x i s   A 

i s   a n g u l a r l y   s p a c e d   f rom  a t   l e a s t   one   n e x t   a d j a c e n t   ; 

s e c o n d   a x i s   A  by  6 0 ° .  
A. 

Wi th   f u r t h e r   r e f e r e n c e   to   F i g u r e   16 ,   r o t a r y  

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

m a n u f a c t u r e d   as  s o c k e t ,   b o x - e n d ,   o p e n - e n d ,   f l a r e   n u t ,  

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

h e x a g o n a l   f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  f o l l o w s :  
'  10  mm  &  3 / 8 "   (AF)  ( r a t i o   of  1 . 0 4 9 9 ) ;  

11  mm  &  7 / 1 6 "   (AF)  &  3 / 1 6   W  ( W h i t w o r t h )   & 

1 /4   BS  ( r a t i o   of  1 . 0 2 7 5 ) ;  

19  mm  &  3 / 4 "   (AF)  &  3 /8   W  &  7 / 1 6   BS 

( r a t i o   of  1 . 0 5 6 3 ) .  

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

shown  in  F i g u r e   16  may  be  d e s i g n e d   as  s o c k e t ,   b o x - e n d  

and  c r o w f o o t   w r e n c h e s ,   s i z e d   to   a c c o m m o d a t e   h e x a g o n a l  

f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  28  mm  &  27  mm  & 

1  1 / 1 6 "   (AF)  &  1  1 / 8 "   (AF)  &  5 /8   W  &  1 1 / 1 6   BS,  t h e  

w r e n c h   h a v i n g   a  r a t i o ,   as  d e f i n e d   a b o v e ,   of  1 . 0 5 8 8 .  

O t h e r   w r e n c h i n g   t o o l s   c o n f i g u r e d   as  shown  in  F i g u r e   16  

may  be  p r o v i d e d   as  s o c k e t   and  b o x - e n d   t o o l s   s i z e d   t o  

r e c e i v e   h e x a g o n a l   f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  32  

mm  &  33  mm  &  1 , 5 / 1 6 "   (AF)  &  1  1 / 4 "   (AF)  &  3/4  W  &  7 / 8  

BS,  t h e   w r e n c h   h a v i n g   a  r a t i o   of  1 . 0 5 0 0 .   Yet  a n o t h e r  

w r e n c h   c o n f i g u r e d   as  shown  in  F i g u r e   16  may  be  p r o -  

v i d e d   as  a  s o c k e t   w r e n c h   s i z e d   to  r e c e i v e   h e x a g o n a l  

f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  220  mm  .&  8  5 / 8 "   ( A F )  

&  8  3 / 4 "   (AF) ,   t h e   r a t i o   of  w h i c h   i s   1 . 0 1 4 5 .  
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I f   t h e   r a t i o   R / r   i s   s u b s t a n t i a l l y   g r e a t e r   t h a n  

1 . 0 ,   p r e f e r a b l y   e x c e e d i n g   a b o u t   5 . 0 ,   and  i f   ^   i s  

s u b s t a n t i a l l y   l a r g e r   t h a n   r1#  t h e   p a r t i c u l a r l y  

d e s i r a b l e   c o n f i g u r a t i o n   of  t h e   w r e n c h   shown   in  F i g u r e  

15  i s   o b t a i n e d .   T h i s   e m b o d i m e n t   m a k e s   u s e   of   l a r g e ,  

g e n t l y   r o u n d e d ,   i n w a r d l y   p r o j e c t i n g   l o b e s   ( 2 6 )  

s e p a r a t e d   by  r o u n d e d   r e c e s s e d   a r c u a t e   p o r t i o n s   ( 2 4 ) ,  

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

t h e   h e a d   of   a  t h r e a d e d   member  w i t h o u t   c o m i n g   i n t o   c o r -  

n e r   c o n t a c t   t h e r e w i t h .   A g a i n ,   e a c h   s u r f a c e   f o r m i n g  

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

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

E x a m p l e   I I  

S o c k e t   and   B o x - E n d   r o t a r y   w r e n c h i n g   t o o l s   c o n -  

f i g u r e d   as  s h o w n   in  F i g u r e   15  a r e   s i z e d   to   r e c e i v e  

h e x a g o n a l   h e a d s   of  t h r e a d e d   m e m b e r s   n o m i n a l l y   s i z e d   3 5  

mm  _  34  mm  &  1  3 / 8 "   (AF)  &  1  5 / 1 6 "   (AF)  &  1 3 / 1 6 W   & 

1 5 / 1 6   BS,  t h e   t o o l   h a v i n g   a  r a t i o ,   as   d e f i n e d   a b o v e ,  

of  1 . 0 5 9 1 .   S i m i l a r l y ,   s o c k e t   w r e n c h e s   may  be  d e s i g n e d  

in  a c c o r d a n c e   w i t h   F i g u r e   15  and  s i z e d   to   r e c e i v e  

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

as  f o l l o w s :  

a)  105  mm  &  4  3 / 1 6 "   (AF)  &  4  1 / 8 "   (AF)  & 

2  3 /4   W  &  3  BS,  t h e   r a t i o   b e i n g  

1 . 0 1 5 2 ;  

b)  140  mm  &  5  5 / 8 "   (AF)  &  5  1 / 2 "   (AF)  & 

3  3 /4   W  St  4  BS,  t h e   r a t i o   of   w h i c h  

w r e n c h   i s   1 . 0 2 2 7 .  

c)  200  mm  &  7  7 / 8 "   (AF)  &  8"  ( A F ) ,   w i t h  

a  r a t i o   of  1 . 0 1 6 0 .  

I f   t h e   w r e n c h i n g   t o o l   shown  in   F i g u r e   16  i n  

w h i c h   R  i s   a p p r o x i m a t e l y   e q u a l   to   r  i s   m o d i f i e d   s o  

t h a t   r ,   i s   a p p r o x i m a t e l y   e q u a l   to   r ,   ,  t h e n   t o o l s  
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w_  u ie   H B n e t a i   uype  snown  in  F i g u r e s   18,   22  and  23  a r e  
o b t a i n e d .   R e f e r r i n g   to  F i g u r e   18 ,   e i g h t   c o n t a c t  
p o i n t s   or  l o b e s   (26)   a r e   p r o v i d e d .   T h i s   w r e n c h i n g  
t o o l   is   p a r t i c u l a r l y   a d a p t e d   f o r   r e c e i v i n g   s q u a r e  
h e a d s   of  t h r e a d e d   f a s t e n e r s .   The  i n n e r   s u r f a c e   of   t h e  
t o o l   i n c l u d e s   p o r t i o n s   d e s i g n a t e d   (30)   w h i c h   a r e  
g e n e r a l l y   f l a t   s u r f a c e s   and  t h a t   e x t e n d   b e t w e e n   t h e  
a r c u a t e   f i r s t   and  s e c o n d   s u r f a c e s ,   s u c h   f l a t   s u r f a c e s  
(30)   may  be  o r i e n t e d   so  as  to  come  i n t o   g e n e r a l l y   s u r -  
f a c e - t o - s u r f a c e   c o n t a c t   w i t h   t h e   f l a t s   of  a  t h r e a d e d  
member  h e a d ,   as  shown  in  F i g u r e   18 ,   t h e   a n g u l a r   d i m e n -  
s i o n s   a p p e a r i n g   in  F i g u r e   18  b e i n g   a d a p t e d   to  p r o m o t e  
such   s u r f a c e - t o - s u r f a c e   c o n t a c t .   F i g u r e   22  and  2 3  
show  t o o l s   s o m e w h a t   s i m i l a r   to  t h a t   shown  in  F i g u r e  
18,  e x c e p t   t h a t   t h e   t o o l   of  F i g u r e   22  has   i t s   l o b e s  
a n g u l a r l y   s p a c e d   20°  a p a r t   and  t h e   t o o l   of  F i g u r e   23  
lias  i t s   l o b e s   s p a c e d   a n g u l a r l y   15°  a p a r t .   No te   i s  
made  t h a t   t h e   s p a c i n g   b e t w e e n   a d j a c e n t   s e c o n d   a x e s   A 
of  t h e   e m b o d i m e n t s   of  F i g u r e s   18 ,   22  and  23  a r e  
g e n e r a l l y   l e s s   t h a n 3 R   in  w h i c h   R  i s   as  d e s c r i b e d  
above   in  c o n n e c t i o n   w i t h   F i g u r e   1 6 .  

E x a m p l e   I I I   , 
S o c k e t   and  b o x - e n d   r o t a r y   w r e n c h i n g   t o o l s   m a y  

oe  d e s i g n e d   and  m a n u f a c t u r e d   in   t h e   c o n f i g u r a t i o n  
shown  in  F i g u r e   18  and  s p e c i f i c a l l y   s i z e d   in.  a c c o r -  
dance   w i t h   t he   i n v e n t i o n   to  r e c e i v e   s q u a r e   h e a d s   o f  
t h r e a d e d   f a s t e n e r s   n o m i n a l l y   s i z e d   13  mm  &  1 / 2 "   (AF)  & 
L/4  W  &  5 / 1 6   BS,  and  h a v i n g   a  r a t i o   of  1 . 0 5 0 0 .  
S i m i l a r l y ,   s o c k e t ,   b o x - e n d   and  o p e n - e n d   w r e n c h i n g  
b o o l s   may  be  d e s i g n e d   and  m a n u f a c t u r e d   in  a c c o r d a n c e  
tf i th  t he   c o n f i g u r a t i o n   of  F i g u r e   18  and  s i z e d   f o r  
r e c e i v i n g   s q u a r e - h e a d e d   f a s t e n e r s   n o m i n a l l y   s i z e d   16  
nm  &  5 / 8 " ,   and  h a v i n g   a  r a t i o   of  1 . 0 0 7 9 .   The  s a m e  
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> c k e t   a n d   b o x - e n d   t o o l s   may  be  d e s i g n e d   and   r a a n u -  

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

L g u r e s   22  and   23  and  s i z e d   to   r e c e i v e   h e x a g o n a l  

a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   16  mm  &  5 / 8 "   ( A F ) ,   t h e  

o o l s   h a v i n g   a  r a t i o   of  1 . 0 0 7 9 .  

U s i n g   t h e   n o m e n c l a t u r e   d e s c r i b e d   a b o v e   in   c o n -  

e c t i o n   w i t h   F i g u r e   16 ,   t h e   r o t a r y   w r e n c h i n g   t o o l   o f  

i g u r e   20  i s   p r o v i d e d   w i t h   i n w a r d l y   c o n v e x   l o b e s   ( 2 6 )  

o r m e d   g e n e r a l l y   on  r a d i i   R  swung  a b o u t   a x e s   A,  t h e  

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

o t a t i o n   X  by  6 0 ° .   I n w a r d l y   c o n c a v e   s u r f a c e s   (24 )   a r e  

io rmed   on  r a d i i   r  swung  a b o u t   a x e s   a  and  p o s i t i o n e d  

;uch  t h a t   two  s p a c e d   i n w a r d l y   c o n c a v e   a r c u a t e   s u r f a c e s  

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

s u r f a c e s   ( 2 6 )   f o r m i n g   l o b e s   of  t h e   w r e n c h .   G e n e r a l l y  

f l a t   s u r f a c e   p o r t i o n s   (30 )   e x t e n d   b e t w e e n   a d j a c e n t  

I n w a r d l y   c o n c a v e   and  c o n v e x   s u r f a c e s   (24)   and   ( 2 6 ) ,  

the   i n w a r d l y   c o n c a v e   s u r f a c e s   b e i n g   j o i n e d   by  a  s u r -  

f a c e   ( 3 2 )   t h a t   i s   f o r m e d   on  a  r a d i u s   a b o u t   t h e   a x i s   o f  

r o t a t i o n   X.  A g a i n ,   e a c h   s u r f a c e   t h a t   f o r m s   t h e   w r e n c h  

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

t a n g e n t   i a l l y   m e r g e s   i n t o   t h a t   a r c u a t e   s u r f a c e .   T h e  

w r e n c h i n g   t o o l s   of  F i g u r e s   19 ,   20  and  21  e a c h   h a v e  

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

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

d i f f e r e n t l y   s i z e d   f a s t e n e r   h e a d s .  

E x a m p l e   I V  

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

f a c t u r e d   to   h a v e   t h e   c o n f i g u r a t i o n   shown  in  F i g u r e   20  

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

f a s t e n e r s   n o m i n a l l y   s i z e d   a t   5  mm  &  3 / 1 6 "   (AF)  &  6  BA,  

t h e   t o o l   h a v i n g   a  r a t i o   of   1 . 0 4 9 9 .   A  s i m i l a r   t o o l ' i s  

s i z e d   to   r e c e i v e   h e x a g o n a l   f a s t e n e r   n u t s   n o m i n a l l y  
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s i z e d   100  mm  a  3  7 / 8 "   (AF)  &  2  1 /2   W  &  2  3 /4   BS,  t h e  

t o o l   h a v i n g   a  r a t i o   of  1 . 0 1 6 0 .   S i m i l a r l y ,   a  w r e n c h i n g  

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

of  F i g u r e   20  may  be  s p e c i f i c a l l y   s i z e d   to  r e c e i v e  

h e x a g o n a l   h e a d   f a s t e n e r s   n o m i n a l l y   s i z e d   a t   14  mm  & 

•9/16"  ( A F ) ,   t h e   t o o l   h a v i n g   a  r a t i o   of  1 . 0 2 0 5 .   S o c k e t  

and  b o x - e n d   w r e n c h i n g   t o o l s   c o n f i g u r e d   as  in  F i g u r e   20  

may'  be  s i z e d   to  s p e c i f i c a l l y   r e c e i v e   h e x a g o n a l  

f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   75  mm  &  3"  (AF)  & 
2  1 5 / 1 6 "   ( A F ) ,   and  h a v i n g   a  r a t i o   of  1 . 0 2 1 3 .  

An  e m b o d i m e n t   s i m i l a r   to  t h a t   d e s c r i b e d   a b o v e  

in  c o n n e c t i o n   w i t h   F i g u r e   20  i s   shown  . in   F i g u r e   174, 
t h i s   r o t a r y   t o o l   h a v i n g   i n t e r n a l l y   p r o j e c t i n g   l o b e s  

(26)   s p a c e d   90°  f rom  one  a n o t h e r   and  h a v i n g   a  p a i r   o f  

i n w a r d l y   c o n c a v e   a r c u a t e   s u r f a c e s   (24)   f o r m e d   b e t w e e n  

e a c h   p a i r   of  i n w a r d l y   p r o j e c t i n g   l o b e s   ( 2 6 ) .   G e n -  

e r a l l y   f l a t   i n t e r i o r   s u r f a c e s   (30)   e x t e n d   b e t w e e n   t h e  

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

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

E x a m p l e   V 

S o c k e t ,   b o x - e n d   and  o p e n - e n d   w r e n c h i n g   t o o l s  

may  be  m a n u f a c t u r e d   in  a c c o r d a n c e   w i t h   t h e   c o n f i g u r a -  
t i o n   shown  in  F i g u r e   17  and  s i z e d   to  r e c e i v e   s q u a r e  
h e a d s   of  t h r e a d e d   f a s t e n e r s   n o m i n a l l y   s i z e d   as  f o l l o w s :  

a)  11  mm  &  7 / 1 6 "   (AF)  &  0  BA  ( r a t i o   o f  

1 . 0 5 9 3 )  

b)  s  14  mm  &  9 / 1 6 "   (AF)  &  1/4  W  &  5 / 1 6   BS 

( r a t i o   o f   1 . 0 7 1 4 )  

c)  16  mm  &  15  mm  &  14  mm  &  9 / 1 6 "   (AF)  & 

5 / 8 "   (AF)  &  5 / 1 6   w  &  3 /8   BS  ( r a t i o   o f  

1 . 1 4 2 9 ) .  

F i g u r e   19  shows   a  w r e n c h i n g   t o o l   h a v i n g   a n  

o p e n i n g   a d a p t e d   to  r e c e i v e   h e x a g o n a l   h e a d s   H  o f  
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3  t h e   i n n e r ,   h e a d - c o n f r o n t i n g   s u r f a c e   of   t h e   w r e n c h -  

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

w a r d l y   c o n v e x   a r c u a t e   f i r s t   s u r f a c e s   ( 4 0 )   a n d ,   f o r m -  

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

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

: r f a c e s   ( 4 2 ) .   The  i n n e r   s u r f a c e   a d d i t i o n a l l y   i n -  

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

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

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

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

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

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

r c u a t e   f i r s t   s u r f a c e s ,   t h e   a r c u a t e   f i r s t   s u r f a c e   p o r -  

i o n s   ( 4 0 )   and   s e c o n d   s u r f a c e   p o r t i o n s   ( 4 2 )   b e i n g   s o  

r r a n g e d   as   to   come  i n t o   c o n t a c t   w i t h   t h e   f l a t s   of  a  

e x a g o n a l   h e a d   H.  The  f i r s t   a r c u a t e   s u r f a c e s   (40)   a r e  

! p a c e d   a n g u l a r l y   f r o m   one  a n o t h e r   by  1 2 0 %   and   t h e  

5 e c o n d   a r c u a t e   s u r f a c e s   a r e   s p a c e d   f r o m   e a c h   o t h e r   b y  

L20°  a l s o ,   e a c h   f i r s t   a r c u a t e   member   b e i n g   a n g u l a r l y  

s p a c e d   f r o m   an  a d j a c e n t   s e c o n d   a r c u a t e   .member   by  6 0 ° .  

P r e f e r a b l y ,   t h e   p a i r   of  f l a t s   (44)   d i v e r g e   a t   an  a n g l e  

of  1 4 0 °   t h e r e b e t w e e n .  

E x a m p l e   V I  

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

a c c o r d a n c e   w i t h   t h e   c o n f i g u r a t i o n   of  F i g u r e   19  and  a r e  

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

n o m i n a l l y   s i z e d   8  mm  &  5 / 1 6 "   (AF)  &  2  BA,  t h e   w r e n c h  

h a v i n g   a  r a t i o   of  1 . 0 3 6 8 .   S o c k e t ,   b o x - e n d ,   o p e n - e n d ,  

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

m a n u f a c t u r e d   in  t h e   c o n f i g u r a t i o n   shown  in  F i g u r e   19  

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

f a s t e n e r s   h a v i n g   t h e   f o l l o w i n g   n o m i n a l   s i z e s :  
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b )  

a )  11  mm  &  7 / 1 6 "   (AF)  &  0  BA  ( 1 . 0 5 9 3  

r a t i o )  

16  mm  &  5 / 8 "   (AF)  &  5 / 1 6   W  &  3 /8   BS 

( 1 . 0 4 9 9   r a t i o )  

R e f e r r i n g   now  to   t h e   r o t a r y   w r e n c h i n g   t o o l   o f  

F i g u r e   21,   and  u t i l i z i n g   t h e   n o m a n c l a t u r e   r e f e r r e d   t o  
a b o v e   in  c o n n e c t i o n   w i t h   F i g u r e   16,  t he   t o o l   i n c l u d e s  

an  o p e n i n g   f o r   r e c e i v i n g   a  h e x a g o n a l   head   of  a  
t h r e a d e d   member  and  h a s   an  a x i s   of  r o t a t i o n   X.  :  T h e  

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

s p a c e d ,   a r c u a t e   f i r s t   s u r f a c e s   (24)   c o n c a v e   to  t h e  

a x i s   of  r o t a t i o n   of  t h e   o p e n i n g   and  a n g u l a r l y   s p a c e d  
f rom  one  a n o t h e r   by  an  a n g l e   of  3 0 ° .   A  s e r i e s   o f  

s p a c e d ,   a r c u a t e   s e c o n d   s u r f a c e s   (26)   t h a t   a r e   c o n v e x  

to  t he   a x i s   of  r o t a t i o n   X  of  t h e   o p e n i n g   a r e   s p a c e d  
a b o u t   t h e   o p e n i n g   b e t w e e n   t h e   f i r s t   a r c u a t e   s u r f a c e s  
and  a r e   a n g u l a r l y   s p a c e d   f r o m   one  a n o t h e r   by  3 0 ° .   T h e  
i n n e r   s u r f a c e   of  t h e   o p e n i n g   i n c l u d e s   f l a t   s u r f a c e s  

(30)   w h i c h   e x t e n d   b e t w e e n   n e i g h b o r i n g   f i r s t   and  s e c o n d  
a r c u a t e   s u r f a c e s .   The  f l a t   s u r f a c e s   (30)   m e r g e  
t a n g e n t i a l l y   i n t o   t h e   s e c o n d   a r c u a t e   s u r f a c e s   ( 2 6 ) ,   a s  

s h o w n ,   b u t   i n t e r s e c t   a t   a p p r o x i m a t e l y   r i g h t   a n g l e s   t h e   v . ' - ^ i  
f i r s t   a r c u a t e   s u r f a c e s .   The  f i r s t   a r c u a t e   s u r f a c e s ,  

as  w i l l   now  be  u n d e r s t o o d ,   d e f i n e   r e c e s s e s s   w h i c h  

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

a  t h r e a d e d   m e m b e r .  

E x a m p l e   V I I  

S o c k e t ,   b o x - e n d ,   o p e n - e n d ,   f l a r e   n u t ,   n u t    ̂
d r i v e r   and  c r o w f o o t   w r e n c h i n g   t o o l s   may  be  m a n u -  

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

F i g u r e   21  and  s i z e d   f o r   r e c e i v i n g   h e x a g o n a l   f a s t e n e r  
h e a d s   n o m i n a l l y   s i z e d   17  mm  &  1 1 / 1 6 "   (AF)  ( 1 . 0 2 7 2  



i t i o ) ,   and   a l s o   21  mm  _  _ _ / _ & "   l ^ n   *  '/•»•«  -  -  */  -  

L . 0 1 7 6   r a t i o ) .  

S o c k e t ,   b o x - e n d   and  n u t   d r i v e r   w r e n c h i n g   t o o l s  

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

Lon  of  F i g u r e   21  and   s i z e d   to   r e c e i v e   h e x a g o n a l  

a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as   24  mm  &  1 5 / 1 6 "   ( A F )  

1 / 2   W  St  9 / 1 6   BS  ( 1 . 0 2 7 1   r a t i o ) .   S o c k e t ,   b o x - e n d   a n d  

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

a n c e   w i t h   t h e   c o n f i g u r a t i o n   of   F i g u r e   21  and  s i z e d   t o  

e c e i v e   h e x a g o n a l   f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  3 2  

im  &  1  1 / 4 "   (AF)  &  3 /4   w  &  7 /8   BS  ( 1 . 0 4 0 0   r a t i o ) .   A 

; o c k e t   w r e n c h   may  be  m a n u f a c t u r e d   in   a c c o r d a n c e   w i t h  

:he  c o n f i g u r a t i o n   of  F i g u r e   21  and   s i z e d   to  r e c e i v e  

l e x a g o n a l   f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   as  95  mm  _  3 

J / 8 "   (AF)  &  3  3 / 4 "   (AF)  &  3  1 3 / 1 6 "   (AF)  &  2  1 /2   W  &  2 

3/4  BS  ( 1 . 0 3 6 0   r a t i o ) .  

R e f e r r i n g   to   F i g u r e   24 ,   a  w r e n c h i n g   t o o l   f o r  

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

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

( 4 6 )   t h a t   a r e   c o n v e x   to   t h e   a x i s   of   r o t a t i o n   of  t h e  

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

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

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

r a d i a l   d i s t a n c e   R  f r o m   an  a x i s   A  p a r a l l e l   to  b u t  

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

e a c h   s u c h   a x i s   A  b e i n g   a n g u l a r l y   s p a c e d   f rom  t h e   n e x t  

a d j a c e n t   a x i s   -by  an  a n g l e   of  20°  ( F i g u r e   26)  or  3 0 °  

( F i g u r e s   24  and   2 5 ) .   The'   i n n e r   s u r f a c e   of  t h e   w r e n c h  

o p e n i n g   i n c l u d e s   c i r c u m f e r e n t i a l   s u r f a c e   p o r t i o n s   ( 4 8 )  

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

r i g h t   a n g l e s .   In  F i g u r e   24  and   26,   t h e   c i r c u m f e r e n -  

t i a l   s u r f a c e   s e c t i o n s   (48)   a r e   e q u a l l y   s p a c e d   f r o m  

t h e   a x i s   of  r o t a t i o n   X,  w h e r e a s   in   F i g u r e   25,  e a c h  

s e c o n d   c i r c u m f e r e n t i a l   s u r f a c e   s e c t i o n   (48)   s p a c e d  
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_rom  t h e   a x i s   of  r o t a t i o n   of  t h e   w r e n c h   o p e n i n g   by  a  
g i v e n   d i s t a n c e   Sĵ   and  e a c h   c i r c u m f e r e n t i a l   s e c t i o n  
t h e r e b e t w e e n   i s   s p a c e d   f r o m   t h e   a x i s   of  r o t a t i o n   o f  
t h e   w r e n c h   by  a  d i s t a n c e   s 2 ,   Sĵ   b e i n g   •  g r e a t e r   t h a n  

S2.  in  F i g u r e   26,   a t   S e c t i o n   "A",   i t   can  be  s e e n  
t h a t   t h e   c i r c u m f e r e n t i a l   s u r f a c e   p o r t i o n s   can  b e  

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

m e r g e   t a n g e n t i a l l y   i n t o   t h e   i n w a r d l y   c o n v e x   p o r t i o n s  
( 4 6 ) .  

E x a m p l e   V I I I  

S o c k e t ,   b o x - e n d   and  open   end  w r e n c h e s   may  b e  
m a n u f a c t u r e d   in  a c c o r d a n c e   w i t h   t h e   c o n f i g u r a t i o n s   o f  
F i g u r e s   24  and  25,  and  s i z e d   f o r   r e c e i v i n g   h e x a g o n a l  
f a s t e n e r   h e a d s   n o m i n a l l y   s i z e d   a t   70  mm  &  2  3 / 4 "   ( A F )  
&  1  3 /4   W  &  2  BS  ( 1 . 0 0 3 6   r a t i o ) .   F u r t h e r ,   s o c k e t ,  
b o x - e n d   and  o p e n - e n d   w r e n c h e s   may  be  m a n u f a c t u r e d   i n  

a c c o r d a n c e   w i t h   t h e   c o n f i g u r a t i o n   of  F i g u r e   25  a n d  
s i z e d   to   s p e c i f i c a l l y   r e c e i v e   h e x a g o n a l   f a s t e n e r   h e a d s  
n o m i n a l l y   s i z e d   a t   75  mm  &  3"  ( 1 . 0 1 6 0   r a t i o ) .  

P r e f e r a b l y ,   t h e   w r e n c h i n g   t o o l s   e x e m p l i f i e d   i n  
F i g u r e s   1 5 - 2 6   l i k e w i s e   c a r r y   m a r k i n g s   a d j a c e n t   e a c h  
t o o l   o p e n i n g   i d e n t i f y i n g   a t   l e a s t   two  and  p r e f e r a b l y  
t h r e e   or  more   d i f f e r e n t   f a s t e n e r   h e a d   s i z e s   t h a t   t h e  
o p e n i n g   w i l l   s t r o n g l y   and  a d e q u a t e l y   e n g a g e .  
E x e m p l a r y   m a r k i n g s   a r e   shown  in  F i g u r e   16,  t h e   m a r k -  

i n g s   (4  mm  &  5 / 3 2   AF  &  8  BA)  b e i n g   s t a m p e d ,   in  t h i s  

e x a m p l e ,   o n t o   or  i n t o   t h e   h a n d l e   of  t h e   t o o l .   R o t a r y  
w r e n c h i n g   t o o l s   in  t h e   f o r m   of  s o c k e t s   w o u l d   n o r m a l l y  
h a v e   m a r k i n g s   on  t h e   o u t e r   s o c k e t   s u r f a c e s .  

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

may  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f rom  t h e   s p i r i t  
of  t h e   i n v e n t i o n   and  t h e   s c o p e   of  t h e   a p p e n d e d   c l a i m s .  



1.  a  r o t a r y   w r e n c n x n g   cooj.   n a v m y   a n  

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

e m b e r ,   t h e   o p e n i n g   h a v i n g   an  a x i s   of  r o t a t i o n   a n d  

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

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

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

such  f i r s t   s u r f a c e   b e i n g   d e f i n e d   g e n e r a l l y   as  t h e  

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

:rom  a  f i r s t   a x i s   "a"  i t s e l f   s p a c e d   a  d i s t a n c e   - 

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

s e r i e s   of   a r c u a t e   s e c o n d   s u r f a c e s   c o n v e x   to  t h e   a x i s  

3f  t h e   o p e n i n g   and  s p a c e d   a b o u t   t h e   c i r c u m f e r e n c e   o f  

bhe  o p e n i n g ,   e a c h   s u c h   s e c o n d   s u r f a c e   b e i n g   d e f i n e d  

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

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

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

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

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

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

b e i n g   s u c h   t h a t   i f   r  i s   e q u a l   to   R,  t he   w r e n c h   i n -  

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

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

f a c e s   . 
2.  A  r o t a r y   w r e n c h i n g   t o o l   h a v i n g   a n  

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

m e m b e r ,   t h e   o p e n i n g   h a v i n g   an  a x i s   of   r o t a t i o n   a n d  

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

a r c u a t e   f i r s t   s u r f a c e s   c o n c a v e   to   t h e   a x i s   of  r o t a t i o n  

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

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

r a d i a l   " d i s t a n c e   "r"   f r o m   a  f i r s t   a x i s   i t s e l f   s p a c e d   a  
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d i s t a n c e   r   ̂ f r o m ,   bu t   p a r a l l e l   t o ,   t he   a x i s   of  r o t a -  

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

s e c o n d   s u r f a c e s   c o n v e x   to  t he   a x i s   of  r o t a t i o n   of  t h e  

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

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

d i s t a n c e   R  f rom  a  s e c o n d   a x i s   i t s e l f   s p a c e d   a  d i s t a n c e  

RjL  f rom  t h e   a x i s   of  r o t a t i o n ,   e ach   s e c o n d   a x i s   b e i n g  

a n g u l a r l y   s p a c e d   f rom  at   l e a s t   one  n e x t   a d j a c e n t  

s e c o n d   a x i s   by  6 0 ° ,   and  each   s u r f a c e   f o r m i n g   the   i n n e r  

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

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

s u r f a c e .  

3.  The  t o o l   of  C l a i m   2  w h e r e i n   i s  

l a r g e r   t h a n   r ^ .  
4.  The  t o o l   of  C l a i m   2  w h e r e i n   t he   r a t i o  

R 1 / r 1   e x c e e d s   1 . 5 .  

5.  The  t o o l   of  C l a i m   2  w h e r e i n   R  i s  

e q u a l   to   or  g r e a t e r   t h a n   r .  

6.  The  t o o l   of  C l a i m   2  w h e r e i n   t he   r a t i o  

R / r   e x c e e d s   5 . 0 .  

7.  The  t o o l   of   C l a i m   2  w h e r e i n   a d j a c e n t  

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

i n t o   one   a n o t h e r .  

8.  A  r o t a r y   w r e n c h i n g   t o o l   h a v i n g   a n  

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

r e c e i v i n g   a  p o l y g o n a l   s q u a r e   or  h e x a g o n a l   head   of  a 

t h r e a d e d   m e m b e r ,   t he   o p e n i n g   h a v i n g   an  a x i s   of  r o t a -  

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

and  p r o v i d i n g   a  s e r i e s   of  s u r f a c e s   c o n f i g u r e d   a n d  

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



_d  to   a p p l y   t o r q u e   to   a  t h r e a d e d   m e m b e r ,   t h e   t o o l  

Lag  s i z e d   t o   r e c e i v e   s t r o n g l y   and  a d e q u a t e l y   t h e  

ads   of  t h r e a d e d   m e m b e r s   t h a t   a r e   s i z e d   in   a t   l e a s t  

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

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

s u c h   n o m i n a l l y   s i z e d   h e a d s   r a n g e s   f r o m   a b o u t   1 . 0 0 5 3  

,  a b o u t   1 . 1 4 3 0 - f o r   s q u a r e   h e a d s   and  f r o m   a b o u t   1 . 0 0 5 3  

>  a b o u t   1 . 0 6 0 0   f o r   h e x a g o n a l   h e a d s ,   s a i d   t o o l   c a r r y -  

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

ig  s a i d   a t   l e a s t   two  n o m i n a l   s i z e s .  

9  .  The  t o o l   of   C l a i m   8  w h e r e i n   s u c h  

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

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

e m b e r s   so  as   to   a v o i d   c o n t a c t   w i t h   s a i d   c o r n e r s .  

in.  The  t o o l   of  C l a i m   8  s p e c i f i c a l l y  

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

l i z e d   in  a c c o r d a n c e   w i t h   one   of   t h e   e n t r i e s   of  T a b l e  

[  and   b e a r i n g ,   a d j a c e n t   s a i d   o p e n i n g ,   v i s i b l e   i n d i c i a  

I d e n t i f y i n g   d i f f e r e n t   n o m i n a l   s i z e s   s e t   o u t   m   s a i d  

s n t r y .   •  . .  
xl   The  t o o l   of   C l a i m   9  s p e c i f i c a l l y  

s i z e d   to   s ' t r o n g l y   and  a d e q u a t e l y   r e c e i v e   h e a d s   o f  

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

one  of  t h e   e n t r i e s   of   T a b l e   I  and   b e a r i n g ,   a d j a c e n t  

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

n o m i n a l   s i z e s   s e t   o u t   in   s a i d   e n t r y .  

12.  -he   t 0 0 1   of  C l a i m   1,  2  or   3 ,  

w h e r e i n   t h e   t o o l   o p e n i n g   i s  

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

t h r e a d e d   m e m b e r s   s i z e d   in  a t   l e a s t   two  d i f f e r e n t  

n o m i n a l   s i z e s   s u c h   t h a t   t h e   maximum  r a t i o   of   t h e  

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

l e a s t   two  d i f f e r e n t l y   s i z e d   h e a d s   r a n g e s   f r o m   1 . 0 0 0 1  
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to  a b o u t   1 . 1 4 3 0   f o r   s q u a r e   h e a d s   and  f rom  1 . 0 0 0 1   t o  

a b o u t   1 . 0 6 0 0   f o r   h e x a g o n a l   h e a d s ,   t he   t o o l   c a r r y i n g ,  

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

at   l e a s t   two  d i f f e r e n t   n o m i n a l   s i z e s . .  

13.  The  t o o l   of  c l a i m   12  w h e r e i n   t h e  

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

and  a d e q u a t e l y   r e c e i v e   h e a d s   of  t h r e a d e d   m e m b e r s  

n o m i n a l l y   s i z e d   in  a c c o r d a n c e   w i t h   one  of  the   e n t r i e s  

of  T a b l e   I  and  b e a r i n g ,   a d j a c e n t   s a i d   o p e n i n g ,   v i s i b l e  

i n d i c i a   i d e n t i f y i n g   d i f f e r e n t   n o m i n a l   s i z e s   s e t   ou t   i n  

s a i d   e n t r y .  
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