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©  Multi-speed  bteyde  transmission. 

A  multi-speed  bicycle  transmission  locatable  in  the 
pedal  hub  and  actuable  through  the  drive  pedals. 

A  plurality  of  drive  gears  (92,  94,  96)  are  rotatable  about 
the  drive  pedal  shaft  (32)  and  can  be  brought  into  selective 
engagement  with  the  pedal  shaft  by  means  of  a  mechanism 
including  a  collar  180;  the  axial  position  of  the  collar  along 
the  pedal  shaft  determining  which  of  the  drive  gears  is  in 
driving  engagement  with  the  pedal  shaft.  Inclined  camming 
ridges  (206,  208)  allow  the  collar  to  be  shifted  axially  by 
reverse  rotation  of the  pedals  at  either  of two  rotational  posi- 
tions  of  the  pedal  shaft;  one  such  position  being  associated 
with  "up-changing"  the  other  with  "down-changing"  of 
gear. 



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

miss ions   and  more  p a r t i c u l a r l y   to  an  improved,  pedal  hub  loca ted   and 

dr ive  pedal  r e s p o n s i v e   m u l t i - s p e e d   b i c y c l e   t r a n s m i s s i o n   s y s t e m .  

Although  b i c y c l e s   have  been  widely  used  for  a  long  

per iod  of  time,  r ecen t   years  have  wi tnessed   a  widespread  i n c r e a s e  

in  the  p o p u l a r i t y   of  b i c y c l i n g   as  a  h e a l t h f u l   and  e n j o y a b l e  

r e c r e a t i o n a l   a c t i v i t y ,   as  well  as  a  renewed  awareness  of  t h e i r  

u t i l i t y   as  an  i nexpens ive   means  of  i n d i v i d u a l i z e d   local   t r a n s p o r t - .  

t a t i o n .   As  a  concommitant  t h e r e t o ,   there  has  been  a  renewed 

emphasis  on  the  u t i l i z a t i o n   of  m u l t i - s p e e d   t r a n s m i s s i o n   sy s t ems  

for  b i c y c l e s   to  enhance  t he i r   o p e r a t i o n a l   e f f i c i e n c y   over  v a r i o u s  

types  of  t e r r a i n   and  to  accommodate  the  ever  expanding  d i f f e r e n c e s  

in  the  s t a t e   of  phys i ca l   c o n d i t i o n i n g   and  c a p a b i l i t i e s   of  t h e  

users   t h e r e o f .   Although  the  pa ten ted   a r t   is  r e p l e t e   with  many 
d i f f e r e n t   types  of  sugges ted   m u l t i - s p e e d   t r a n s m i s s i o n   s y s t e m s ,  
economic  r e a l i t i e s   and  p r a c t i c a l   c o n s i d e r a t i o n s   have  a p p a r e n t l y  

l imi t ed   widespread  commercial  usage  to  two,  three  and  f ive  speed  

t r a n s m i s s i o n s   loca ted   w i th in   the  rear   wheel  hub  and  to  the  w i d e l y  

u t i l i z e d   ten  speed  t r a n s m i s s i o n s   of  the  " d e r a i l l e u r "   type,  a l l  

of  which  are  normal ly   operab le   in  response   to  a  cable  c o n n e c t e d  

and  manually  m a n i p u l a t a b l e   s h i f t   lever   and  which  r e q u i r e " a   hand 

opera ted   brake  system.  Also  used,  but  to  a  l e s s e r   e x t e n t ,   a r e  

the  more  compl ica ted   dr ive  pedal  m a n i p u l a t i v e   types  of  r e a r  

wheel  hub  m u l t i - s p e e d   t r a n s m i s s i o n s   tha t   are  compat ib le   with  c o a s t e r  

brake  dr ive  systems,   as  for  example,  the  F i c h t e l   and  Sachs  AG 

"Torpedo"  t r a n s m i s s i o n s .  

Among  the  many  sugges ted   b i cyc l e   t r a n s m i s s i o n   sy s t ems  

d i s c l o s e d   in  the  pa t en t ed   a r t   are  numerous  d i s c l o s u r e s   o f  

c o a s t e r   brake  compa t ib le ,   rear   wheel  hub  t r a n s m i s s i o n s   a c t i v a t e d  

by  r eve r se   dr ive  pedal  r o t a t i o n ,   as  exempl i f i ed   by  the  p a t e n t s  

of  Schwerdhofer   ( for   example  -   U.S.  P a t e n t s   Nos.  3 , 6 4 8 , 8 0 9 ,  

3 ,270 ,589 ,   3 ,200 ,699 ,   3 ,190 ,181 ,   3 , 1 4 7 , 6 4 1 ) ;   Hood  (for   e x a m p l e  -  



U.S.  Pa ten t   Nos.  3 ,022 ,682 ,   2 ,993 ,575 ,   2 ,982 ,384 ,   3 , 9 7 2 , 9 0 8 ,  

2 ,940 ,339)   and  Gleasman  (for   example  -   U.S.  Pa t en t s   Nos. 

2 ,354 ,750 ,   2 ,993 ,389 ,   2 ,903 ,913 ,   2 , 9 1 4 , 1 5 2 ) .   Other  s u g g e s t e d  

and  exemplary  e x p e d i e n t s   for  rear   wheel  hub  t r a n s m i s s i o n   s y s t e m s  

inc lude   r e v e r s e   dr ive   pedal  a c t u a t a b l e   e p i c y c l i c   gear  s y s t e m s  

as  d i s c l o s e d   in  U.S.  P a t e n t s   Nos.  3 ,351 ,165 ,   3 ,433 ,097 ,   3 , 8 0 3 , 9 4 7  

and  3 ,725,156  and  manual ly   s e l e c t a b l e   rear   wheel  hub  t r a n s m i s s i o n s  

as  embodied  in  U.S.  P a t e n t s   Nos.  3 ,653,273  and  3 , 8 8 6 , 8 1 1 .  

Rear  wheel  hub  m u l t i - s p e e d   t r a n s m i s s i o n   systems,   and 

p a r t i c u l a r l y   those  tha t   are  c o a s t e r   brake  compa t ib l e ,   are  o f  

r e l a t i v e l y   compl ica ted   c o n s t r u c t i o n   with  d i m i n u t i v e l y   s i z e d  

components  d i c t a t e d   by  the  l im i t ed   a v a i l a b l e   space.   As  such  

and  because  of  the  wheel  d iameter   level   arm  i n h e r e n t   in  r e a r  

wheel  hub  loca ted   m u l t i - s p e e d   t r a n s m i s s i o n s ,   such  are  u n d u l y  

s u b j e c t   to  damage  through  normal,   much  less   abus ive ,   use  and 

the  r e p a i r   t he r eo f   is  u s u a l l y   both  r e l a t i v e l y   d i f f i c u l t   and 

expens ive .   Even  the  s impler   r ea r   wheel  hub  m u l t i - s p e e d   t r a n s -  

miss ion   systems  tha t   are  widely  employed  in  hand  b rakeab le   b i -  

c y c l e s ,   such  as  the  S turmey-Archer   three   speed  and  " d e r a i l l e u r "  

type  m u l t i - s p e e d   t r a n s m i s s i o n s ,   are  s u b j e c t   to  hub  component  

and  gear   s h i f t   cable  damage  that   n e c e s s i t a t e   r e l a t i v e l y   e x -  

pens ive   r e p a i r s   as  well  as  r e q u i r i n g   d i v e r s i o n   of  the  r i d e r ' s  

a t t e n t i o n   when  manual  s h i f t i n g   is  to  be  e f f e c t e d .  

Recent  years   have  w i t n e s s e d   a  r e f o c u s s i n g   of  a t t e n t i o n  

upon  the  dr ive   pedal  hub  as  a  s u i t a b l e   s i t u s   for  m u l t i - s p e e d  

t r a n s m i s s i o n   components  for  b i c y c l e s .   One  sugges ted   e x p e d i e n t  

i nc ludes   the  u t i l i z a t i o n   of  a  p l a n e t a r y   gear  system  a d j a c e n t   t o  

the  dr ive   pedal  hub  tha t   is  compat ib le   with  a  rear   wheel  hub 

c o a s t e r   brake  assembly  but  which  r e q u i r e s   manual  o p e r a t i o n   o f  

an  e x t e r n a l   gear  s h i f t   lever   to  e f f e c t   s h i f t i n g .   Such  a 

sugges ted   c o n s t r u c t i o n   is  d i s c l o s e d   in  the  Shea  U.S.  P a t e n t s  

Nos.  3 ,727 ,484 ,   3 ,766,805  and  3 ,842 ,691 .   Other  sugges ted   e x -  

p e d i e a t s   inc lude   impact  r e s p o n s i v e   s h i f t i n g   mechanisms,  and 

manual ly   c o n t r o l l a b l e   v a r i a t i o n s   in  the  main  dr ive   p e d a l  



sp rocke t   d iamete r .   I l l u s t r a t i v e   of  such  e x p e d i e n t s   are  U.S. 

Pa t en t s   Nos.  2 ,600 ,586 ,   1,608,141  and  3 ,506,100  and  v a r i o u s  

p u b l i c a t i o n s   such  as  Design  News  of  December  16,  1974  (pp.  4 6 - 7 )  

and  Product   Eng ineer ing   of  June  1973  (p.  13 ) .  

This  i n v e n t i o n   may  be  b r i e f l y   desc r ibed   as  an  improved 

m u l t i - s p e e d   b i c y c l e   t r a n s m i s s i o n   loca ted   at  the  dr ive  pedal  hub 

and  un i formly   operable   in  response   to  a  l imi t ed   degree  of  s i m p l e  

pedal  m a n i p u l a t i o n   under  a l l   c o n d i t i o n s   of  cycle  o p e r a t i o n   from 

zero  to  maximum  a t t a i n a b l e   speed.  In  c e r t a i n   a s p e c t s ,   t h e  

s u b j e c t   i n v e n t i o n   inc ludes   a  s e l f - c o n t a i n e d ,   drive  pedal  hub 

l oca t ed ,   i n - l i n e   type  m u l t i - s p e e d   t r a n s m i s s i o n  w h e r e i n   a  p l u r a l i t y  

of  change  speed  gears  are  j o u r n a l l e d   on  the  pedal  drive  shaf t   and 

are  in  c o n s t a n t   running  engagement  with  co r r e spond ing   companion 

gears  and  wherein  a  drive  pedal  r e s p o n s i v e   s h i f t i n g   mechanism 

disposed   w i th in   the  dr ive  pedal  hub  s e l e c t i v e l y   couples  i n d i v i d u a l  

change  speed  gears  in  d r i v ing   engagement  to  the  pedal  dr ive  s h a f t  

to  provide  a  p l u r a l i t y   of  p r e s e l e c t a b l e   and  d i f f e r e n t   t r a n s m i s s i o n  

r a t i o s   for  the  main  pedal  dr ive  sp rocke t .   In  i t s   narrower  a s p e c t s ,  

the  s u b j e c t   i n v e n t i o n   inc ludes   a  pedal  hub  loca ted   t r a n s m i s s i o n   o f  

the  i n - l i n e   type  wherein  s e l e c t i v e   d r i v ing   engagement  of  i n d i v i d u a l  

drive  gears  is  e f f e c t e d ,   in  the  absence  of  d r iv ing   s t r e s s e s ,   by 

l imi t ed   r eve r se   r o t a t i o n   of  the  pedal  drive  shaf t   at  a  pa i r   of  p r e -  
s e l e c t e d   l o c a t i o n s   in  the  normal  path  of  r o t a t i v e   d i s p l a c e m e n t  

t he reo f   and  wherein  the  d r i v ing   i n t e r c o n n e c t i o n s   b e t w e e n - t h e  

dr ive  gears  and  the  dr ive  shaf t   is  a f f e c t e d   by  members  s u b j e c t e d  

only  to  compress ive   s t r e s s   under  dr ive  c o n d i t i o n s .   In  a  s t i l l  

f u r t h e r   a spec t ,   the  s u b j e c t   i n v e n t i o n   inc ludes   an  improved 

s h i f t i n g   mechanism  assembly  for  m u l t i - s p e e d   i n - l i n e   type  o f  

t r a n s m i s s i o n s   wherein  the  d r i v i n g   i n t e r c o n n e c t i o n   between  t h e  

dr ive  gears  and  the  drive  shaf t   is  e f f e c t e d   by  members  sub jec t   o n l y  

to  compress ive   s t r e s s e s   under  d r i v ing   c o n d i t i o n s .  

Among  the  manifold   advantages   of  the  s u b j e c t   i n v e n t i o n  

is  the  p r o v i s i o n   of  an  improved  m u l t i - s p e e d   b i cyc le   t r a n s m i s s i o n  



tha t   may be  used  alone  with  hand  b r akeab l e   b i c y c l e s   in  a c c o r d  

with  the  d e s i r e s   and  d i c t a t e s   of  the  r i d e r   and  which  may  be 

compat ib ly   employed  in  a s s o c i a t i o n   with  e x i s t i n g   hand  b r a k e a b l e ,  

gear  s h i f t   opera ted   and  c o a s t e r   brake  i n c o m p a t i b l e   m u l t i - s p e e d  

rear   wheel  hub  t r a n s m i s s i o n s ,   such  as  the  widely  employed 

Sturmey-Archer   three   speed  t r a n s m i s s i o n s ,   to  c o n v e n i e n t l y  

provide   an  expanded  number  of  a v a i l a b l e   t r a n s m i s s i o n   r a t i o s .  

Fu r the r   advantages   inc lude   the  p r o v i s i o n   of  an  i n - l i n e   t r a n s -  

miss ion   l o c a t a b l e   at  the  dr ive  pedal  hub,  wherein  the  s t r e s s  

magni tudes   on  the  s h i f t i n g   and  dr ive  components  are  r e l a t i v e l y  

smal l ,   wherein   the  gears  may  be  p r e s e l e c t e d   to  provide   any 
d e s i r e d   gear  r a t i o s   and  which  gears  may  be  r e a d i l y   i n t e r c h a n g e d  

to  modify  t h e  g e a r   r a t i o s   whenever  r e q u i r e d .   Another  a d v a n t a g e  

inc ludes   the  genera l   p r o v i s i o n   of  an  i n - l i n e   m u l t i - s p e e d   t r a n s -  

miss ion   wherein  the  c r i t i c a l l y   s t r e s s d d   dr ive   system  componen t s ,  
such  as  the  i n t e r c o n n e c t i o n   of  the  dr ive   gears  with  the  d r i v e  

s h a f t ,   are  s u b j e c t e d   only  to  compress ive   s t r e s s e s   when  d r i v i n g l y  

engaged.  Other  advantages   inc lude   the  p r o v i s i o n   of  a  f a c t o r y  

assembled  and  sealed  i n - l i n e   type  of  m u l t i - s p e e d   t r a n s m i s s i o n  

for  b i c y c l e s   of  rugged  and  durable   c h a r a c t e r   that   a f f o r d s   a  

long  o p e r a t i n g   l i f e   and  s i n g u l a r   freedom  from  main tenance   and 

r e p a i r .   F u r t h e r   advan tages   inc lude   the  p r o v i s i o n   of  a  d r i v e  

pedal  a c t u a t a b l e   gear  s h i f t i n g   mechanism  that   d i spenses   w i t h  

con t ro l   c a b l e s ,   does  not  r e q u i r e   the  r i d e r   to  remove  his  hands  

from  t h e  h a n d l e   bars  or  d i v e r t   his  a t t e n t i o n   from  the  path  o f  

b i c y c l e   t r a v e l   during  the  s h i f t i n g   o p e r a t i o n   and  which  i s  

ope rab le   by  s imple ,   f a c i l e   and  rapid   dr ive  pedal  m a n i p u l a t i o n  

w i t h i n   l i m i t e d   arcs  of  r eve r se   pedal  d i sp l acemen t   at  r e a d i l y  

l o c a t a b l e  p o s i t i o n s   in  t h e i r   path  of  r o t a t i o n   a l l   to  the  end 

of  r e a d i l y   p e r m i t t i n g   rap id   gear  s h i f t i n g   in  times  of  emergency  

or  t h e  l i k e .   S t i l l   o ther   advantages   inc lude   the  p r o v i s i o n   o f  

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

type  where  s h i f t i n g   can  be  e f f e c t e d   independen t   of  the  speed  o f  

the  b i c y c l e   i n c l u d i n g   while  at  r e s t ,   wherein  a l l   components  a r e  



a u t o m a t i c a l l y   d isposed  in  an  e f f e c t i v e l y   s t r e s s   free  c o n d i t i o n  

when  s h i f t i n g   is  being  e f f e c t e d   and  wherein  one  set  of  gears ,   even 

during  the  s h i f t i n g   o p e r a t i o n ,   is  always  d r i v i n g l y   engaged.  A 

s t i l l   f u r t h e r   advantage  is  the  pe rmi t t ed   avoidance  of  a l l   hand 

m a n i p u l a t i v e   o p e r a t i o n s   for  s h i f t i n g   purposes ,   which  not  o n l y  

permi ts   cont inued  manual  con t ro l   of  s t e e r i n g   and  braking  at  a l l  

times  but  which  also  d i spenses   with  any  n e c e s s i t y   for  v i s u a l  

d i v e r s i o n   from  the  path  of  t r a v e l   with  i nc r ea sed   sa fe ty   for  t h e  

b i cyc l e   r i d e r .   S t i l l   f u r t h e r   advantages   of  the  sub j ec t   i n v e n t i o n  

inc lude   the  p r o v i s i o n   of  a  r e l i a b l e   and  economic  i n - l i n e   type  o f  

m u l t i - s p e e d   t r a n s m i s s i o n   for  b i c y c l e s   tha t   is  e f f e c t i v e l y  

immune  to  damage  a r i s i n g   from  any  pedal  m a n i p u l a t i o n .  

The  primary  o b j e c t i o n   of  th is   i n v e n t i o n   is  the  p r o v i s i o n  

of  an  improved  m u l t i - s p e e d   t r a n s m i s s i o n   for  b i c y c l e s .  

Another  primary  ob jec t   of  th is   i nven t ion   is  t h e  

p r o v i s i o n   of  a  pedal  hub  l o c a t a b l e   and  dr ive  pedal  o p e r a b l e  

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

Another  ob jec t   of  this   i n v e n t i o n   is  the  p r o v i s i o n   o f  

a  pedal  hub  loca ted   and  drive  pedal  operab le   m u l t i - s p e e d   b i c y c l e  

t r a n s m i s s i o n   wherein  s h i f t i n g   is  e f f e c t e d   in  accord  with  t h e  

d i c t a t e s   and  d e s i r e s   of  the  r i d e r .  

S t i l l   another   primary  ob jec t   of  the  i nven t ion   is  t h e  

p r o v i s i o n   of  an  improved  i n - l i n e   m u l t i - s p e e d   t r a n s m i s s i o n   c o n -  

s t r u c t i o n   wherein  the  d r i v ing   i n t e r c o n n e c t i o n   between  the  d r i v e  

gears  and  the  dr ive  shaf t   is  e f f e c t e d   by  members  s u b j e c t e d   o n l y  

to  compress ive   s t r e s s   under  dr ive  c o n d i t i o n s .  

A  s t i l l   f u r t h e r   ob jec t   of  this   i n v e n t i o n   is  the  p r o -  

v i s i o n   of  an  improved  pedal  hub  loca ted   and  dr ive  pedal  o p e r a b l e  

m u l t i - s p e e d   b i cyc l e   t r a n s m i s s i o n   that   can  be  used  alone  in  h a n d  

b rakeab le   b i c y c l e s   or  in  a s s o c i a t i o n   with  coa s t e r   brake  i n -  

compat ib le   rear   wheel  hub  t r a n s m i s s i o n s   to  i n e x p e n s i v e l y   p r o v i d e  

an  expanded  number  of  a v a i l a b l e   gear  r a t i o s .  

One  way  of  c a r ry ing   out  the  i n v e n t i o n   is  desc r ibed   i n  

d e t a i l   below  with  r e f e r e n c e   to  drawings  in  w h i c h : -  

Fig.  1  is  a  schemat ic   side  e l e v a t i o n   view  of  a  b i c y c l e  



c o n s t r u c t e d   in  accord  with  the  p r i n c i p l e s   of  th is   i n v e n t i o n ;  

Fig.  2  is  a  schemat ic   obl ique   view,  p a r t i a l l y   c u t  

away  and  s e c t i o n e d ,   of  a  pedal  hub  loca ted   and  dr ive  p e d a l  

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

accord  with  the  p r i n c i p l e s   of  th is   i n v e n t i o n ;   and  i n c l u d i n g ,  

for  the  purposes   of  convenience  and  c l a r i t y   of  i l l u s t r a t i o n  

and  e x p l a n a t i o n ,   c e r t a i n   components  that   are  r o t a t i o n a l l y  

d i s p l a c e d   from  the  normal  l o c a t i o n   the reof   as  shown  in  Fig.  3; 

Fig.  3  is  a  h o r i z o n t a l   s ec t i on   through  the  p e d a l  h u b  

loca ted   m u l t i - s p e e d   b i cyc l e   t r a n s m i s s i o n   c o n s t r u c t e d   in  a c c o r d  

with  the  p r i n c i p l e s   of  th is   i n v e n t i o n ;   and  as  taken  on  the  l i n e  

3-3  of  Fig.  4 ;  

Fig.  4  is  a  s e c t i o n   as  taken  on  the  l ine  4-4  of  Fig.  3; 

Fig.  5  is  a  s e c t i o n   as  taken  on  the  l ine  5-5  of  Fig.  3; 

Fig.  6  is  a  schemat ic   s e c t i o n a l   view  as  taken  on  t h e  

l ine  6-6  of  Fig.  3;  

Figs.   7A  and  7  B  are  en la rged   p a r t i a l   s e c t i o n s   as  would 

be  taken  on  the  l ine  7-7  of  Fig.  2  to  i l l u s t r a t e   the  d r i v i n g  

i n t e r c o n n e c t i o n   of  the  pedal  shaf t   with  the  dr ive  g e a r s ;  

Figs.   8A  and  8B  are  plan  and  v e r t i c a l   s e c t i o n a l   v i ews  

r e s p e c t i v e l y   of  the  pawl  members  tha t   provide  the  d r i v ing   i n t e r -  

connec t ion   between  the  pedal  dr ive  sha f t   and  the  dr ive  g e a r s ;  

Fig.  9  is  an  ob l ique   view  of  the  p i v o t a l l y   mounted 

s h i f t   c o n t r o l   member; 

Figs.   10A  and  10B  are  schemat ic   s e c t i o n a l   views,  s i m i l a r  

to  Fig.  5,  g e n e r a l l y   i l l u s t r a t i v e   of  o p e r a t i v e   i n t e r e n g a g e m e n t   o f  

the  camming  r idges   with  the  pin  members  during  pedal  sha f t   r o t a t i o n s  

Figs.   11A  through  11D  are  schemat ic   unfolded  plan  v i ews  

of  the  c o l l a r   s u r f a c e ,   camming  r idges   thereon  and  the  pin  members 

on  the  p i v o t a l l y   mounted  s h i f t   con t ro l   member  and  are  i l l u s t r a t i v e  

of  the  o p e r a t i v e   i n t e r e n g a g e m e n t   of  the  camming  r idges   with  t h e  

pin  members  during  s h i f t i n g   o p e r a t i o n s   in  response   to  pedal  s h a f t  

d i s p l a c e m e n t .  



R e f e r r i n g   to  the  drawings  and  i n i t i a l l y   to  Fig.  1, 

there  is  provided  a  b i cyc le   having  a  f ron t   s t e e r a b l e   wheel  10 

and  a  rear   d r i v ing   wheel  12  mounted  on  a  frame,  g e n e r a l l y   d e s i g -  

nated  14.  The  frame  14  is  of  c o n v e n t i o n a l   tubu la r   c o n s t r u c t i o n  

and  g e n e r a l l y   inc ludes   a  s u b s t a n t i a l l y   v e r t i c a l   seat   post  mem- 

ber  16,  a  h o r i z o n t a l   upper  member  18,  an  a n g u l a r l y   d i s p o s e d  

lower  member  20,  a  b i f u r c a t e d   f ron t   wheel  suppor t   22,  a  b i f u r c a t e d  

rear   wheel  suppor t   24  and  a  pair   of  r e a rwa rd ly   ex tending   lower  

members  26.  The  seat   post  member  16,  lower  member  20  and  r e a r -  

wardly  ex tend ing   lower  members  26  commonly  t e rmina te   at  a  t r a n s -  

verse   c y l i n d r i c a l   pedal  drive  shaf t   bub,  g e n e r a l l y   d e s i g n a t e d  

30,  which,  as  wi l l   h e r e i n a f t e r   be  d e s c r i b e d ,   forms  a  p o r t i o n  
of  the  housing  for  the  improved  m u l t i - s p e e d   t r a n s m i s s i o n   sy s t em 

i n c o r p o r a t i n g   the  p r i n c i p l e s   of  this   i n v e n t i o n .   For  i n t r o d u c -  

tory  e x p l a n a t o r y   purposes ,   however,  such  b i cyc l e   also  i n c l u d e s  

a  t r a n s v e r s e l y   d isposed  drive  pedal  shaf t   32  j o u r n a l l e d   in  t h e  

hub  30  having  c o n v e n t i o n a l   opposed  r i g h t   and  l e f t   pedal  c r a n k s  

34  and  36  t e r m i n a l l y   mounted  thereon .   Ro ta t ab ly   mounted  a t  

the  t e rmina l   ends  of  the  cranks  34  and 36  are  i n d e p e n d e n t l y  

r o t a t a b l e   dr ive  pedals   38  and  40  r e s p e c t i v e l y .   For  c l a r i t y  

of  d e s c r i p t i o n   h e r e i n ,   the  terms  " r i g h t "   and  " l e f t "   wi l l   a c c o r d  

with  the  r i g h t   and  l e f t   s ides  of  the  b i cyc l e   r i d e r   as  he  would 

normal ly   use  the  b i c y c l e .   The  rear   or  dr ive  wheel  12  i n c l u d e s  

a  hub  46  and  sp rocke t   48  d r i v i n g l y   connected  by  a  chain  50  t o  

the  main  drive  sp rocke t   52  mounted  on  the  r i g h t   side  of  hub  30. 

The  sp rocke t   52  is  p o s i t i v e l y   d r iven ,   through  the  h e r e i n a f t e r  

de sc r ibed   t r a n s m i s s i o n ,   by  r o t a t i o n   of  the  pedal  cranks  34  and 

36  in  the  c lockwise   d i r e c t i o n   as  viewed  from  the  r i g h t .   Hand 

levers   54  are  mounted  on  the  handle  bars  for  a c t u a t i o n   o f  

conven t iona l   wheel  rim  brake  p a d s .  

R e f e r r i n g   now  to  Figs.   2  through  4,  and  from  which  t h e  

r i g h t   and  l e f t   pedal  cranks  34,  36  and  pedals   38,  40  have  been  

omit ted  for  drawing  c l a r i t y ,   there  is  provided  a  g e n e r a l l y  



r e c t a n g u l a r   gear  housing  62  d isposed   between  the  main  d r i v e  

sp rocke t   52  and  the  r i g h t   hand  te rminal   end  32  R  of  the  d r i v e  

pedal  sha f t   32.  The  gear  housing  62  may  be  p o s i t i o n e d   by  a  U 

shaped  b r acke t   60  engaging  one  of  the  r e a r w a r d l y   ex tend ing   lower  

members  26  and  is  c o n v e n i e n t l y   formed  of  cas ing  ha lves   64  and 

66  secured  t oge the r   by  screws  68.  Disposed  w i th in   the  g e a r  

housing  62  is  a  m u l t i - e l e m e n t   i n - l i n e   t r a n s m i s s i o n   of  t h e  

genera l   type  d i s c l o s e d   in  U.S.  Pa ten t   No.  3 ,812 ,735 .   The 

s p e c i f i c a l l y   i l l u s t r a t e d   t r a n s m i s s i o n   is  a  three  speed  t r a n s m i s s i o n  

and  as  w i l l   be  appa ren t   to  those  s k i l l e d   in  the  a r t ,   any  speed  

m u l t i p l e   can  be  accommodated  w i th in   the  o r b i t   of  the  d i s c l o s e d  

i n v e n t i o n .  

More  s p e c i f i c a l l y ,   however,  the  casing  halves   64  and 

66  are  i n t e r n a l l y   shaped  to  provide  a  pair   of  inwardly  d i r e c t e d  

stub  axles   70,  72  that   suppor t   a  s t a t i o n a r y   bea r ing   s leeve   74.  

R o t a t a b l y   mounted  on  the  s t a t i o n a r y   bear ing   s leeve  74  is  a  f r e e l y  

r o t a t a b l e   bear ing   s leeve   76  having  secured  t h e r e t o   the  c y l i n d r i c a l  

hub  78  of  a  f i r s t   spur  change  gear  80.  Mounted  on  the  hub  78  o f  

the  f i r s t   spur  change  gear  80  and  sp l ined   t h e r e t o ,   as  at  82,  f o r  

c o n c u r r e n t   r o t a t i o n   t h e r e w i t h   are  any  des i r ed   number  of  a d d i t i o n a l  

spur  change  gea r s ,   for  example,  the  second  and  th i rd   spur  change  

gears  84  and  86  for  the  i l l u s t r a t e d   three   speed  t r a n s m i s s i o n .   As 

wi l l   now  be  a p p a r e n t ,   the  three  spur  change  gears  80,  84  and  86 

and  the  bea r ing   s leeve   76  are  j o u r n a l l e d   for  f ree   but  c o n c u r r e n t  

r o t a t i o n   about  the  s t a t i o n a r y   bea r ing   s leeve   74.  

Disposed  in  c o n s t a n t   running  meshed  engagement  with  t h e  

three   spur  change  gears  80,  84  and  86  r e s p e c t i v e l y   are  t h r e e  

dr ive  gears  92,  94  and  96.  The  dr ive   gears  92,  94  and  96  a r e  

j o u r n a l l e d   for  independen t   and  i n d i v i d u a l l y   f ree   r o t a t i o n   a b o u t  

a  d i a m e t r i c a l l y   en la rged   hub  p o r t i o n   106  of  the  pedal  dr ive  s h a f t  

32  and,  as  wi l l   be  d e s c r i b e d   h e r e i n a f t e r ,   are  adapted  to  be  d i s -  

posed  in  i n d i v i d u a l   s e l e c t e d   d r i v i n g   engagement  t h e r e w i t h .   The 

innermost   d r ive   gear  92  is  shaped  to  inc lude   an  a x i a l l y   e x t e n d i n g  



c y l i n d r i c a l   f lange  or  s k i r t   p o r t i o n   100  that   is  sized  ti  e x t e n d  

through  a  s u i t a b l e   bore  102  in  the  l e f t   casing  hal f   64  and  ha s  

the  main  dr ive  sp rocke t   52  mounted  in  keyed  engagement  t h e r e o n  

for  r o t a t i o n   in  c o n j u n c t i o n   t h e r e w i t h .  

The  bores  128  of  the  drive  gears  92,  94  and  96  a r e  

s ized  to  be  r o t a t a b l y   suppor ted   by  the  en larged   hub  po r t i on   106 

of  the  pedal  dr ive  shaf t   32  and  each  such  bore  128  inc ludes   a 

p l u r a l i t y   of  g e n e r a l l y   r e c t a n g u l a r   pawl  engageable   r e c e s s e s   108 

t h e r e i n .   As  shown  in  Figs.   2-4  and  as  also  shown  in  e n l a r g e d  

form  in  Figs.   7A  and  7B,  the  en larged   hub  p o r t i o n   106  of  t h e  

pedal  dr ive  shaf t   32  inc ludes   an  e longa te   l o n g i t u d i n a l   pawl 

c o n t a i n i n g   outer   r ecess   110  ove r ly ing   the  outwardly  fac ing   end 

of  an  inner  and  smal ler   e longa te   l o n g i t u d i n a l   channel  112  s i z e d  

to  extend  along  the  pedal  dr ive  shaf t   32  and  adapted  to  c o n t a i n  

t h e r e w i t h i n   an  e longa te   d i s p l a c e a b l e   leaf   spr ing  type  a c t u a t i n g  
member  114.  Diposed  at  the  te rminal   end  of  the  e longa te   l e a f  

spr ing   type  a c t u a t i n g   member  114  o p e r a t i v e l y   r e l a t e d   to  the  d r i v e  

gears  92,  94  and  96  is  an  a n g u l a r l y   shaped  cam  su r face   124  t h a t  

is  normal ly   b iased  r a d i a l l y   outwardly  from  the  axis  of  the  p e d a l  

shaf t   32  and  upwardly  toward  and  into  the  outer   recess   110. 

Disposed  w i th in   the  outer   l o n g i t u d i n a l   r ecess110   are  a  p l u r a l i t y  

of  d i s c r e t e   and  s e l e c t i v e l y   shaped  drive  pawl  members  116,  one 

for  each  of  the  dr ive  gears  92,  94  and  96.  Each  of  the  pawl 

members  116  is  normal ly   biased  downwardly  w i th in   the  recess   110 

and  out  of  d r i v ing   engagement  with  the  r e s p e c t i v e   pawl  e n g a g e -  
able  r e c e s s e s   108  in  the  bores  128  of  the  drive  gears  92,  94  and 

96  by  the  a c t i on   of  the  r ing  type  b i a s i n g   spr ings   118  c o n t a i n e d  

wi th in   the  c i r c u m f e r e n t i a l   r e c e s s e s   120  in  the  en larged  hub 

p o r t i o n   106. 

The  pawl  members  116  are  a l l   of  s i m i l a r   c o n f i g u r a t i o n  

and  comprise  a  g e n e r a l l y   r e c t a n g u l a r l y   shaped  block  of  metal  o f  

high  compress ive   s t r e n g t h .   As  best   shown  in  Figs.   8A  and  8B,  and 

to  a  l e s s e r   ex ten t   in  Figs.   4,  7A  and  7B,  each  pawl  116  i n c l u d e s  



a  f ron t   p o r t i o n   126  having  a  f l a t   u n d e r s u r f a c e   250  s ized  to  r e s t  

upon  and  be  suppor ted   by  the  shoulder   252  forming  the  bottom  o f  

the  r ecess   110.  The  f ron t   wall  p o r t i o n   254  i nc ludes   a  r e c e s s  

256  and  an  i n c l i n e d   wall  130.  The  upper  su r f ace   of  the  f ron t   o f  

the  pawl  i nc ludes   two  o p p o s i t e l y   i n c l i n e d   s u r f a c e s   258  and  260 

having  a  c r e s t   262  at  t h e i r   apex.  Disposed  at  the  rear   of  t h e  

i n c l i n e d   su r face   260  is  a  t r a n s v e r s e   s l o t   or  r ecess   264  h a v i n g  

a  spr ing   wire  r e c e i v i n g   bore  266  in  the  cen t r e   t h e r e o f .   I n t e r -  

s ec t i ng   the  t r a n s v e r s e   s l o t   264  at  the  bore  266  is  a  l o n g i t u d i n a l  

channel  268  s ized  to  accommodate  the  end  of  the  r ing  type  b i a s i n g  

spr ing   118.  The  u n d e r s u r f a c e   of  the  pawl  116  i nc ludes   an  i n t e r -  

mediate   r ecess   270  d e f i n i n g   a  bear ing   su r f ace   272  and  a  r e a r w a r d  

heel  p o r t i o n   274  t e r m i n a t i n g   in  a  p ivot   140  adapted  to  be  s e a t e d  

at  the  j u n c t i o n   of  the  bottom  and  side  d e f i n i n g   wal ls   of  t h e  

r ecess   110.  Extending  upwardly  from  the  p ivo t   140  is  an  i n c l i n e d  

wall  p o r t i o n   134. 

As  wi l l   h e r e i n a f t e r   be  po in ted   out,  the  f ron t   and  r e a r  

i n c l i n e d   wal ls   130  and  134  comprise  the  load  bear ing   su r f aces   o f  

the  pawl  members  116  and  d isposed   in  s u b s t a n t i a l l y   p a r a l l e l  

r e l a t i o n   to  each  o t h e r .  

The  above  de sc r i bed   pawl  c o n f i g u r a t i o n   serves   to  p e r m i t  

the  r ing  type  b i a s i n g   sp r ings   118  to  normal ly   bias  the  pawls  116 

Into  s e a t i n g   engagement  with  the  shou lder   252  forming  the  the  f l o o r  

of  the  r ecess   110  and  in  b r i d g i n g   p o s i t i o n   over  the  inner  c h a n n e l  

. i2 .   Such  sp r ings   118  a lso   serve  to  ma in t a in   the  p ivot   140  at  t h e  

apex  142  of  the  angle  formed  by  the  v e r t i c a l   wall  136  and  s h o u l d e r  

252  of  the  r ecess   110  and  to  thus  permit   s e l e c t i v e   p i v o t a l   and 

L a d i a l l y   outward  d i s p l a c e m e n t   of  the  f ron t   end  p o r t i o n   of  the  pawls  

116  while  m a i n t a i n i n g   said  p ivot   f ixed  in  p o s i t i o n .  

As  wi l l   now  be  a p p a r e n t ,   each  of  the  dr ive  gears  92,  94 

and  96  is  f r e e l y   r o t a t a b l e   on  the  en la rged   hub  p o r t i o n   106  of  the  p e d a l  

dr ive   sha f t   32  and  each  of  the  pawls  116  is  normal ly   b iased   down- 

wardly  w i t h i n   the  l o n g i t u d i n a l   r ecess   110  by  the  a c t i o n   of  i t s  

r e s p e c t i v e   r ing  type  b i a s i n g   spr ing   118.  As  most  c l e a r l y   shown  i n  



Fig.  7A,  when  a  pawl  116  is  so  b iased ,   it  is  out  of  engagement  
with  i t s   dr ive  gear  and  there  is  no  d r iv ing   engagement  be tween  

the  en larged   hub  po r t ion   106  of  the  pedal  drive  shaf t   32  and  t h e  

drive  gear  a s s o c i a t e d   with  said  pawl.  E l eva t ion   of  the  f r o n t  

end  126  of  a  s e l e c t e d   pawl  116  upwardly  and  out  of  the  r e c e s s  

110  is  e f f e c t e d   by  l o n g i t u d i n a l   d i sp lacemen t   and  d i s p o s i t i o n   o f  

the  e longa te   leaf  spr ing  type  a c t u a t i n g   member  114  wi th in   the  

e longa te   recess   112  in  the  pedal  drive  shaf t   32.  The  s e l e c t i v e  

engagement  of  the  a n g u l a r l y   shaped  te rminal   end  124  t h e r e o f ,  

due  to  the  b i a s i n g   a c t i on   of  said  leaf  spr ing  a c t u a t i n g   member  114, 

with  the  unders ide   of  a  pawl  116,  as  shown  in  Figs.   4  and  7B,  o v e r -  

comes  the  a c t i on   of  i ts   r ing  type  b i a s ing   spr ing  118  and  p i v o t a l l y  

e l e v a t e s   the  f ron t   end  126  of  the  pawl  116  r a d i a l l y   outwardly  o f  

the  recess   110.  Due  to  the  i n t e r a c t i o n   of  the  outwardly  d i r e c t e d  

b i a s i n g   ac t ion   of  the  cam  su r face   124  on  the  leaf  spr ing  type  

a c t u a t i n g   member  114  on  the  unde r s ide   of  a  pawl  116  and  t h e  

r e s t r a i n i n g   ac t i on   of  the  r ing  spr ing  118  a s s o c i a t e d   t h e r e w i t h ,   a 

pawl  is  r o t a t e d   about  i t s   heel  140  in  the  corner   142  of  recess   110. 

Such  p i v o t a l   pawl  d i sp l acemen t   p laces   the  c r e s t   262  on  the  top  o f  

the  pawl  116  into  compress ive   engagement  with  de f i n ing   su r face   o f  

the  bore  128  of  the  s e l e c t e d   drive  gear.   Since  the  pedal  d r i v e  

32  wi l l   normal ly   be  r o t a t i n g   in  the  d i r e c t i o n   of  the  arrow  in  F i g .  

7A  and  7B  when  the  b i cyc l e   is  being  pedaled  in  the  f o r w a r d  

d i r e c t i o n ,   the  so  upwardly  biased  pawl  116  wi l l   soon  reach  one 

of  the  r e c e s s e s   108  and  wi l l   be  f u r t h e r   upwardly  d i sp l aced   t h e r e i n  

under  the  cont inued  b i a s ing   a c t i on   of  the  a c t u a t i n g   member  114. 

Upon  ent ry   of  the  pawl  116  into  a  recess   108  and  wi th   c o n t i n u e d  

r o t a t i o n   of  the  pedal  dr ive  shaf t   in  the  b i cyc le   a d v a n c i n g  

d i r e c t i o n   as  i n d i c a t e d   by  the  arrows  in  Figs.   7A  and  7B,  t h e  

i n c l i n e d   wall  130  on  the  f ron t   of  the  pawl  wil l   be  disposed  and 

ma in ta ined   in  compress ive   i n t e r f a c i a l   engagement  with  the  w a l l  

132  of  the  recess   and  the  rear   wall  134  of  the  pawl  wil l   be 

disposed  in  compressive  i n t e r f a c i a l   engagement  with  the  wall  136 



of  the  r ece s s   110.  When  so  engaged  and  p o s i t i o n e d ,   as  i l l u s t r a t e d  

in  Fig.  7B,  a  d i r e c t   d r i v ing   connec t ion   is  thus  e s t a b l i s h e d  

between  the  fo rward ly   r o t a t i n g   en la rged   hub  p o r t i o n   106  of  the  p e d a l  

dr ive   sha f t   32  and  a  s e l e c t e d   dr ive   gear,   as  for  example  gear  92,  

and  such  d r i v i n g   connec t ion   wi l l   be  e f f e c t i v e l y   m a i n t a i n e d ,   a n d / o r  

r e a d i l y   r e - e s t a b l i s h a b l e ,   u n t i l   the  e longa te   leaf   spr ing   t ype  

a c t u a t i n g   member  114  is  l o n g i t u d i n a l l y   d i s p l a c e d   w i th in   t h e  

channel   112  out  of  engagement  with  the  dr ive  pawl  116  for  such  

gear  92.  

The  sloped  upper  su r f ace   260  of  the  dr ive   pawl  116  p e r m i t s  

ready  advance  of  the  engaged  dr ive  gear  r e l a t i v e   to  the  dr ive  s h a f t  

32  as  would  occur  when  the  forward  r o t a t i v e   advance  of  the  d r i v e  

sha f t   32  is  ha l t ed   or  even  r e v e r s e d .   Such  h a l t i n g   of  advance  o r  

r e v e r s e   r o t a t i o n   of  the  pedal  dr ive  sha f t   32  e f f e c t s   a u t o m a t i c  

d i sengagement   of  a  d r i v i n g l y   engaged  pawl  from  the  r ecess   108  i n  

the  gear  bore  128  and  i t s   r e i n t r o d u c t i o n   into  the  r ecess   110  i n  

the  hub  w i thou t   o the rwi se   a f f e c t i n g   the  cont inued   upward  b i a s i n g  

of  such  pawl  116  by  the  a c t i o n   of  the  a n g u l a r l y   shaped  end  124  o f  

the  e l onga t e   leaf   spr ing   type  a c t u a t i n g   member  114.  Such  d i s e n g a g -  

ing  and  r e t r a c t i o n   a c t i o n   permi ts   the  bike  r i d e r   to  coas t   with  a 

temporary  d i sengagement   of  a l l   d r i v i n g   connec t ion   between  the  p e d a l  

dr ive   s h a f t   32  and  the  main  dr ive   sp rocke t   52.  The  above  d e s c r i b e d  

d r i v i n g   connec t ion   between  an  outwardly   b iased  pawl  116  and  a 

recess   108  in  the  bore  128  of  the  drive  gear  wi l l   a u t o m a t i c a l l y  

be  r e - e s t a b l i s h e d   when  pedal  dr ive  sha f t   32  r o t a t i o n   in  the  b i c y c l e  

advancing  d i r e c t i o n   is  resumed  by  the  r i d e r .  

As  d e s c r i b e d   above  and  as  shown  in  Figs.   4,  7A  and  7B, 

the  pawls  116  are  s e l e c t i v e l y   shaped  to  provide   for  p a r a l l e l  

i n t e r f a c i a l   engagement  between  pawl  su r face   130  and  s i dewa l l   132 

of  r ecess   108  and  a lso  between  pawl  su r face   134  and  s idewa l l   136 

of  r ecess   110  to  a ssure   tha t   the  pawls  are  in  compression  at  a l l  

times  when  a  d r i v i n g   engagement  e x i s t s   between  a  dr ive   gear  and 

the  pedal  dr ive   sha f t   32.  



As  wi l l   now  be  appa ren t ,   the  s p e c i r i c a l l y   i l l u s t r a t e d  

and  de sc r ibed   set  of  dr ive  and  change  gears  is  adapted  to  p r o -  
vide  for  three  s e p a r a t e   speed  r a t i o s   for  the  main  d r i v e  

sp rocke t   52.  For  example,  when  the  leaf  spr ing  a c t u a t i n g   member 

114  has  been  p o s i t i o n e d   wi th in   the  l o n g i t u d i n a l   r ecess   112  i n  

the  pedal  shaf t   32  so  that   i t s   cam  shaped  t e rmina l   end  124 

e l e v a t e s   the  pawl  116  into  d r i v ing   engagement  with  a  pawl  e n g a g e -  
able  r ecess   108  in  the  bore  128  of  dr ive  gear  92,  the  drive  g e a r  
92  wi l l   be  d i r e c t l y   dr iven  by  the  r o t a t i o n   of  the  pedal  d r i v e  

shaf t   32.  At  that   time,  the  main  drive  sprocke t   52  wi l l   be 

d i r e c t l y   dr iven  by  gear  92  through  i t s   hub  100  and  wi l l   be  advanced  

at  a  1  to  1  r a t i o   with  the  r o t a t i o n   of  the  pedal  drive  shaf t   32. 

Under  such  c o n d i t i o n s ,   the  gear  92  wi l l   also  d i r e c t l y   drive  com- 

panion  gear  80  which  in  turn  wi l l   r o t a t e   change  gears  84  and  86 

in  c o n j u n c t i o n   t h e r e w i t h .   Change  gears  84  and  86  wil l   d i r e c t -  

ly  dr ive  the  f r e e l y   r o t a t a b l e   dr ive  gears  94  and  96,  which  a r e  

now  unconnected  to  the  en larged   hub  106  of  pedal  drive  shaf t   32, 

at  speeds  determined  by  the  va r ious   gear  r a t i o s   involved .   I f ,  

under  such  c o n d i t i o n s ,   the  leaf  spr ing  a c t u a t i n g   member  114  i s  

l o n g i t u d i n a l l y   d i s p l a c e d   wi th in   recess   112  out  of  engagement  
with  the  above-ment ioned  pawl  116  for  gear  92  and  into  l i f t i n g  

engagement  with  the  pawl  116  a s s o c i a t e d   with  dr ive  gear  94,  t h e  

dr ive  gear  92  wi l l   be  d isengaged  from  d r iv ing   engagement  with  t h e  

pedal  dr ive  shaf t   32  by  r e t r a c t i o n   of  the  drive  pawl  1 1 6 - t h e r e -  

for  into  the  recess   110  and  the  pawl  116  unde r ly ing   gear  94 

wi l l   be  e l eva ted   into  d r i v ing   engagement  with  the  pawl  engage -  
able  recess   108  in  the  bore  128  of  the  dr ive  gear  94.  Under  such 

c o n d i t i o n s ,   the  gear  94  wi l l   be  d i r e c t l y   dr iven  by  the  r o t a t i o n  

of  the  pedal  drive  shaf t   32.  In  this   i n s t a n c e ,   however,  d r i v e  

gear  94  wil l   d i r e c t l y   drive  companion  gear  84  at  a  speed  W  rpm, 

determined  by  the  gear  r a t i o s   t he rebe tween .   Companion  gear  84  w i l l  

drive  change  gear  86  and  80  at  the  same  speed  W  rpm.  Change  gear  80,  



however,  wi l l   now  dr ive   the  now  f r e e l y   r o t a t a b l e   dr ive  gear  92 

at  a  speed  W2  rpm  de termined  by  the  gear  r a t i o   the rebe tween   and ,  

of  course ,   wi l l   thus  dr ive  the  main  dr ive  sp rocke t   52  at  the  same 

speed  W2  rpm.  At  the  same  time,  change  gear  86  wi l l   also  d r i v e  

the  f r e e l y   r o t a t a b l e   dr ive  gear  96  at  a  speed  determined  by  the  

gear  r a t i o   t he rebe tween .   As  wi l l   now  be  a p p a r e n t ,   s i m i l a r  

o p e r a t i o n   wi l l   be  e f f e c t e d   if  the  gear  96  is  d r i v i n g l y   engaged  

with  the  pedal  sha f t   32. 

The  s p e c i f i c   gear  r a t i o s   for  the  dr ive  and  change  g e a r s  

may  be  s u i t a b l y   p r e s e l e c t e d   to  accommodate  the  p r e f e r e n c e s   of  t h e  

b i c y c l e   m a n u f a c t u r e r .  

It  should  also  be  noted,   that   under  the  above  d e s c r i b e d  

a c t i o n ,   at  l e a s t   one  dr ive  gear  wi l l   always  be  d r i v i n g l y   engaged 

or  b iased   for  d r i v i n g   engagement  with  the  pedal  dr ive   shaf t   32.  

That  is,   the  a n g u l a r l y   shaped  end  124  of  the  leaf   spr ing   a c t u a t -  

ing  member  114  wi l l   always  be  in  o p e r a t i v e   b i a s i n g   engagement  w i t h  

at  l e a s t   one  of  the  dr ive   pawls  116. 

C o n t r o l l e d   l o n g i t u d i n a l   d i sp l acemen t   of  the  e longa te   l e a f  

spr ing   a c t u a t i n g   member  114  w i th in   the  e longa te   channel  112  i n  

the  pedal  dr ive  sha f t   32  to  e f f e c t   the  s e l e c t i v e   d r i v ing   e n g a g e -  

ment  of  the  dr ive   gears  92,  94  and  96  to  the  pedal  dr ive  shaf t   32 

through  the  above  de sc r i bed   s e l e c t i v e   e l e v a t i o n   of  the  pawls  116, 

is  e f f e c t e d   by  a  dr ive  pedal  r e s p o n s i v e   s h i f t i n g   mechanism 

disposed   w i th in   the  pedal  hub  30  tha t   c o n v e n t i o n a l l y   forms  an  

i n t e g r a l   par t   of  the  s t anda rd   b i c y c l e   frame  14.  To  the  above 

end,  the  pedal  dr ive   sha f t   32  is  j o u r n a l l e d   w i th in   the  g e n e r a l l y  

c y l i n d r i c a l   she l l   148  of  the  pedal  hub  30  by  spaced  ba l l   b e a r i n g s  

150,  152.  Disposed  between  the  ba l l   bea r ings   150,  152  and  w i t h i n  

the  she l l   148  is  a  f i x e d  c y l i n d r i c a l   s leeve   154.  In  t h e  i l l u s t r a t e d  

embodiment,  the  i n t e r i o r   su r f ace   of  the  s leeve  154  is  o f  c o n t i n u o u s  

c h a r a c t e r   except   for  a  r e c t a n g u l a r l y   shaped  a p e r t u r e   1 4 6  t h e r e i n .  

Disposed  w i th in   the  a p e r t u r e   146  is  a  s e l e c t i v e l y   d i s p l a c e  a b l e  

r e c t a n g u l a r l y   shaped  s e c t o r - l i k e   member  156.  The  s e c t o r - l i k e  



member  156  is  p i v o t a l l y   mounted,  as  at  158,  and  serves  as  a 

hinged  s h i f t   con t ro l   member.  Such  con t ro l   member  156  iz, 

normal ly   b i a sed ,   as  by  a  r ing  type  b i a s ing   spr ing  160,  i n t o  

i t s   advanced  or  c losed  p o s i t i o n   as  shown  at  162  in  Figure  5.  

When  so  normal ly   b iased ,   i t s   inner  su r face   is  d isposed  s u b s t a n t i a l l y  

f lush   with  the  remainder   of  the  inner  su r face   of  the  f ixed  s l e e v e  

154. 

As  shown  in  Figs.   5  and  9,  the  con t ro l   member  156 

g e n e r a l l y   comprises  an  a r cua te   and  p i v o t a l l y   d i s p l a c e a b l e   f l a p  

l ike  member  having  a  pair   of  spaced  inwardly  d i r e c t e d   and  spaced  

pin  members  166  and  168  (for  the  i l l u s t r a t e d   three  drive  g e a r  
t r a n s m i s s i o n )   mounted  on  the  free  end  164  t h e r e o f .   As  wil l   l a t e r  

become  a p p a r e n t ,   the  pins  116  and  168  are  spaced  apar t   a  d i s t a n c e  

s u b s t a n t i a l l y   equal  to  the  spacing  of  the  cen te r   l ines   of  the  d r i v e  

gears  92,  94  and  96.  The  t h i ckness   of  the  con t ro l   member  156  i s  

p r o g r e s s i v e l y   decreased   from  i ts   p i v o t a l   mounting  158  to  i t s   f r e e  

end  164  in  order  to  permit   r a d i a l l y   outward  p i v o t a l   d i s p l a c e m e n t  

of  said  free  end  164  a g a i n s t   the  r e s t r a i n i n g   ac t i on   of  the  b i a s i n g  

spr ing   160,  as  wi l l   be  h e r e i n a f t e r   d e s c r i b e d .  

The  p o r t i o n   of  the  pedal  dr ive  sha f t   d isposed  w i t h i n  

the  f ixed  s leeve  154  is  f l a t t e d   as  at  176,  178.  A  l o n g i t u d i n a l l y  

d i s p l a c e a b l e   s h i f t   c o l l a r   member  180  having  a  c y l i n d r i c a l   e x -  

t e rna l   su r face   is  mounted  on  the  f l a t t e d   p o r t i o n   of  the  p e d a l  

dr ive  shaf t   so  as  to  be  s l i d a b l y   d i s p l a c e a b l e   t h e r e a l o n g   and 

c o n j o i n t l y   r o t a t a b l y   d i s p l a c e a b l e   t h e r e w i t h .   The  c o l l a r   member 

180  o v e r l i e s   the  t e rmina l   end  of  the  l o n g i t u d i n a l   channel  112 

c o n t a i n i n g   the  e longa te   leaf  spr ing  a c t u a t i n g   member  114.  As 

c l e a r l y   shown  in  Figs.   2  and  3,  the  leaf   spr ing  a c t u a t i n g   member 

114  s u i t a b l y   comprises  an  e longa te   s t r i p   of  spr ing   s t ee l   or  t h e  

l ike  having  one  t e rmina l   end  184  the reo f   secured  to  the  c o l l a r  

member  180  and  an  i n t e r m e d i a t e   body  po r t i on   186  d isposed  w i t h i n  

the  channel  112  that   is  of  a  length   adapted  to  place  the  a n g u l a r l y  

shaped  te rminal   end  p o r t i o n   124  the reo f   in  s e l e c t i v e   o p e r a t i v e  



b i a s i n g   engagement  with  the  unde r s ide   of  the  pawls  116  for  t h e  

dr ive  gears  92,  94  and  96  in  accord  with  the  s e l e c t i v e   p o s i t i o n -  

ing  of  the  c o l l a r   member  180  l o n g i t u d i n a l l y   of  the  f l a t t e d   s u r f a c e s  

176,  178  of  the  pedal  dr ive   sha f t   32.  As  shown  in  Fig.  6,  s e l e c t i v e  

p o s i t i o n i n g   of  the  c o l l a r   member  180  at  three  d i s c r e t e   l o c a t i o n s  

l o n g i t u d i n a l l y   of  the  pedal  dr ive   sha f t   32  is  e f f e c t e d   by  s p r i n g  
loaded  de ten t   means  in  the  form  of  a  pair   of  bal l   d e t en t s   190, 

192  urged  by  a  spr ing   d isposed  w i th in   a  bore  202  in  s h a f t  3 2   i n t o  

one  of  three   r e c e s s e s   196,  198  and  200  loca ted   on  the  inner  s u r f a c e  

of  the  c o l l a r   member  180,  so  as  to  s e l e c t i v e l y   p o s i t i o n   t h e  

a n g u l a r l y   shaped  t e rmina l   end  124  of  a c t u a t i n g   member  114  in  s e l e c t i v e  

o p e r a t i v e   engagement  with  each  o f  t h e   pawls  116  for  upwardly  d i s -  

p lac ing   the  same  into  d r i v ing   engagement  with  one  of  the  d r i v e  

gears  92,  94  and  96  as  above  d e s c r i b e d .   P o s i t i v e   a c t i on   of  t h e  

de t en t   system  to  d i s p l a c e   the  c o l l a r   180  from  e i t h e r   of  i t s   l i m i t -  

ing  p o s i t i o n s ,   as  def ined   by  r e c e s s e s   196  and  200,  to  i t s   i n t e r -  

mediate   p o s i t i o n ,   as  def ined   by  r ecess   198,  is  e f f e c t e d   by  t h e  

s lop ing   s u r f a c e s   172  and  174  tha t   form  the  guide  for  ba l l   de t en t   192. 

R e f e r r i n g   now  to  Figs.   5,  10A  and  10B,  a  pair   of  a n g u l a r l y  

d isposed   camming  r idges   206  and  208  are  mounted  in  d i a m e t r i c a l l y  

opposed  r e l a t i o n   on  the  e x t e r i o r   c y l i n d r i c a l   su r face   of  the  s l i d a b l e  

s h i f t   c o l l a r   180.  Each  of  the  camming  r idges   inc ludes   one  p e r p e n d i c u l a r  

cam  su r f ace   210  and  one  s l an t ed   or  i n c l i n e d   cam  su r face   212.  Such 

are  o p e r a t i v e l y   r e l a t e d   to  the  pins  166  and  168  on  the  p i v o t a l l y  

mounted  s h i f t   con t ro l   member  156  so  tha t   engagement  of  t h e  

p e r p e n d i c u l a r   cam  s u r f a c e s   210  with  such  pin  members  166  and  168 

wi l l   e f f e c t   ax ia l   d i s p l a c e m e n t   of  the  c o l l a r   member  180  r e l a t i v e   t o  

the  pedal  dr ive  shaf t   32  as  the  l a t t e r   is  r o t a t e d   in  r eve r se   d i r e c t i o n  

and  tha t   engagement  of  the  i n c l i n e d   cam  s u r f a c e s   212  with  the  p i n  

members  166  and  168  wi l l   e f f e c t   an  outward  p i v o t a l   d i s p l a c e m e n t  

of  con t ro l   member  156  and  no  d i sp l acemen t   of  the  c o l l a r   180  r e -  

l a t i v e   to  the  pedal  dr ive  sha f t   32  when  the  l a t t e r   is  being  r o t a t e d  

in  the  forward  d i r e c t i o n .  



As  shown  in  Fig.  10A,  r o t a t i o n   of  the  pedal  drive  s h a f t  

32  in  the  normal  or  b i cyc le   d r i v ing   d i r e c t i o n ,   as  i n d i c a t e d   by 

the  arrow  216,  causes  the  s l an t ed   or  i n c l i n e d   cam  su r f aces   212 

of  the  camming  r idges   206  and  208  to  r e p e t i t i v e l y   engage  e i t h e r  

one  of  the  pin  members  166  and  168  on  the  hinged  con t ro l   member 

156.  Each  such  engagement  causes  the  engaged  pin  member  166 

or  168  to  r ide  up  the  i n c l i n e d   cam  su r face   212  and  o u t w a r d l y  

d i s p l a c e   the  free  end  164  of  the  hinged  con t ro l   member  156  i n t o  

a  r e t r a c t e d   p o s i t i o n   a g a i n s t   the  inward  b i a s i n g   ac t ion   of  t h e  

spr ing   member  160,  which  f u n c t i o n s   to  r e t u r n   the  hinged  c o n t r o l  

member  156  into  i t s   advanced  p o s i t i o n   in  coplanar   r e l a t i o n   w i t h  

the  i n t e r i o r   su r face   of  the  s leeve  154  once  the  camming  r i d g e  

has  been  advanced  past  the  pins  166,  168.  Thus,  during  t h e  

normal  or  forward  r o t a t i o n   of  the  pedal  drive  shaf t   32,  the  c o l l a r  

member  180  r o t a t e s   in  c o n j u n c t i o n   t h e r e w i t h   wi thout   any  l i n e a l   o r  

ax ia l   d i sp l acemen t   of  the  c o l l a r   180  a x i a l l y   of  the  drive  shaf t   32. 

In  c o n t r a s t   t h e r e t o   and  as  shown  in  Fig.  10B,  r o t a t i v e  

d i sp l acemen t   of  the  pedal  drive  shaf t   32  and  c o l l a r   member  180 

in  the  r eve r se   d i r e c t i o n ,   as  i l l u s t r a t e d   by  the  arrow  214,  w i l l ,  

at  one  p a r t i c u l a r   and  r e a d i l y   l o c a t a b l e   point   of  pedal  p o s i t i o n i n g ,  

e f f e c t   engagement  of  the  p e r p e n d i c u l a r   su r face   210  of  camming 

r idge  206  with  the  s idewal l   of  one  of  the  pins  166  or  168.  As 

wi l l   now  be  also  a p p a r e n t ,   the  p e r p e n d i c u l a r   su r face   210  of  t h e  

second  camming  r idge  208  wi l l   engage  the  s idewal l   of  one  of  t h e  

pins  166  or  168  at  a  second  p a r t i c u l a r   and  r e a d i l y   l o c a t a b l e   p o i n t  

of  pedal  p o s i t i o n i n g   that   is  1800  removed  from  the  above  d e s c r i b e d  

f i r s t   point   of  engagement.   Under  such  engagement,  the  hinged  c o n t r o l  

member  wi l l   not  be  d i s p l a c e d   from  i t s   advanced  p o s i t i o n   c o p l a n a r  

with  the  i n t e r i o r   s u r f a c e . o f   the  s leeve  154  b u t  r a t h e r   wi l l   r e m a i n  

in  i t s   advanced  p o s i t i o n .  

R e f e r r i n g   now  also  to  Figs.   11A  through  11D  by  way  o f  

example,  which  is  an  unfolded  plan  view  of  the  c y l i n d r i c a l   s u r f a c e  

of  the  s h i f t   c o l l a r   180,  the  u p s h i f t i n g   and  downsh i f t ing   a c t i o n  



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

s u r f a c e s   210  and  the  pins  166  and  168  on  the  con t ro l   member 

156  wi l l   be  d e s c r i b e d .   In  Fig.  11A,  the  p e r p e n d i c u l a r   s u r f a c e  

210  of  the  camming  r idge   206  is  d i sposed   in  a b u t t i n g   engagement  
with  the  pin  166  as  would  be  o b t a i n e d ,   for  example,  by  l o c a t i o n  

of  the  l e f t   pedal  crank  36  and  l e f t   dr ive   pedal  40  at  a  f i r s t  

p r e d e t e r m i n e d   poin t   in  t he i r   path  of  r o t a t i o n .   When  so 

p o s i t i o n e d ,   the  leaf   spr ing   a c t u a t i n g   member  114  wi l l   be  a t  

i t s   l i m i t i n g   advanced  p o s i t i o n   in  engagement  with  the  d r i v e  

pawl  116  for  the  ou te rmos t   dr ive  gear  96  and  with  such  g e a r  

d i sposed   in  d r i v i n g   engagement  with  the  pedal  dr ive   sha f t   32. 

When  the  components  are  so  l o c a t e d ,   cont inued   r e v e r s e   r o t a t i o n a l  

d i s p l a c e m e n t   of  the  c o l l a r   member  180  as  i n d i c a t e d   by  the  a r r o w  

214  through  a  l im i t ed   arc ,   as  de termined  by  the  length   and 

p i t ch   of  the  camming  r idge   206,  wi l l   e f f e c t   a  concommi tan t  

l i n e a l   d i s p l a c e m e n t   of  the  c o l l a r   180  a x i a l l y   of  the  pedal  d r i v e  

sha f t   32  as  i n d i c a t e d   by  the  arrow  218  and  to  the  p o s i t i o n i n g  

i l l u s t r a t e d   in  Fig.  11B  as  the  camming  r idge   206  is  d i s p l a c e d  

pas t   the  pin  166.  Such  p o s i t i v e   d i s p l a c e m e n t   of  the  c o l l a r   180 

wi l l   e f f e c t   an  accompanying  d i s p l a c e m e n t   of  the  leaf   s p r i n g  

a c t u a t i n g   member  114  from  i t s   advanced  p o s i t i o n   to  an  i n t e r m e d i a t e  

p o s i t i o n   in  engagement  with  the  dr ive   pawl  116  for  the  i n t e r -  

media te   dr ive   gear  94  and .wi th   the  l a t t e r   i n t e r m e d i a t e   gear  94 

now  being  d isposed   in  d r i v i n g   engagement  with  the  pedal  d r i v e  

sha f t   32  upon  r e sumpt ion   of  forward  r o t a t i o n a l   d i s p l a c e m e n t   o f  

the  l a t t e r .  

As  w i l l   be  apparen t   from  a  comparison  of  Figs.   11A,  11B 

and  11C,  the  d e s c r i b e d   c o l l a r   d i s p l a c e m e n t   w i l l   s e l e c t i v e l y   l o c a t e  

the  p e r p e n d i c u l a r   su r f ace   210  of  the  camming  r idge   206  in  p o s i t i o n  

to  o p e r a t i v e l y   engage  the  second  pin  168  on  the  con t ro l   member  156 

whenever  the  l e f t   pedal  crank  36  and  l e f t   dr ive   pedal  40  are  a g a i n  

d i sposed   at  the  above  noted  f i r s t   p r e d e t e r m i n e d   po in t   in  t he i r   p a t h  

of  r o t a t i o n ,   as  i l l u s t r a t e d   in  Fig.  11C.  When  the  components  are  so  



l o c a t e d ,   cont inued  r eve r se   r o t a t i o n a l   d i sp l acemen t   of  the  c o l l a r  

member  180,  as  i n d i c a t e d   by  the  arrow  214,  through  a  l imi ted   a r c ,  

as  de termined  by  the  length  and  p i t ch   of  the  camming  r idge  206,  

wi l l   e f f e c t   a  concommitant  l i n e a l   d i sp l acemen t   of  the  c o l l a r   180 

a x i a l l y   of  the  pedal  drive  shaf t   32  as  i n d i c a t e d   by  the  a r r o w  

218  and  to  the  p o s i t i o n i n g   i l l u s t r a t e d   in  Fig.  11D  as  t h e  

camming  r idge  is  d i s p l a c e d   past   the  pin  168.  Such  p o s i t i v e  

d i sp l acemen t   of  the  c o l l a r   180  wi l l   e f f e c t   an  accompanying 

d i sp l acemen t   of  the  leaf  spr ing  a c t u a t i n g   member  114  from  i t s  

i n t e r m e d i a t e   p o s i t i o n ,   as  above  d e s c r i b e d ,   to  i t s   f u l l y  

r e t r a c t e d   p o s i t i o n   in  engagement  with  the  dr ive  pawl  for  t h e  

dr ive  gear  92  and  with  the  l a t t e r   gear  92  now  being  disposed  i n  

d r iv ing   engagement  with  the  pedal  drive  shaf t   32  upon  r e s u m p t i o n  

of  forward  r o t a t i o n a l   d i sp l acemen t   of  the  l a t t e r .  

As  also  shown  in  Fig.  11D,  such  d i sp l acemen t   of  t h e  

c o l l a r   180  has  s e l e c t i v e l y   loca ted   the  d i a m e t r i c a l l y   d i s p o s e d  

second  camming  r idge   208  so  that   i t s   p e r p e n d i c u l a r   su r face   210 

is  p o s i t i o n e d   to  o p e r a t i v e l y   engage  the  second  pin  168  (shown 

do t ted)   whenever  the  l e f t   pedal  crank  36  and  l e f t   dr ive  p e d a l  

40  are  d isposed  at  a  second  p r ede t e rmined   po in t ,   180   removed  f iom 

the  above  de sc r ibed   f i r s t   po in t ,   in  t he i r   path  of  r o t a t i o n .   When 

the  components  are  so  l oca t ed ,   cont inued  r eve r se   r o t a t i o n a l   d i s -  

placement   of  the  c o l l a r   member  180,  as  i n d i c a t e d   by  the  arrow  214,  

t h rough   a  l im i t ed   arc  as  de t e rmined  by   the  length  and  p i t ch   o f  

the  camming  r idge   208,  wi l l   e f f e c t   a  concommitant  l i n e a l   d i s -  

placement   of  the  c o l l a r   180  a x i a l l y   of  the  pedal  dr ive  shaf t   32  a s  

i n d i c a t e d   by  the  arrow  220  and  to  the  p o s i t i o n i n g   i l l u s t r a t e d   i n  

Figs.   11C  and  11B,  as  the  camming  r idge  208  is  d i s p l a c e d   past   t h e  

pin  168.  Such  p o s i t i v e   d i sp l acemen t   of  the  c o l l a r   180  wi l l   e f f e c t  

an  accompanying  d i sp l acemen t   of  the  leaf   spr ing  a c t u a t i n g   member 

114  from  i ts   r e t r a c t e d   p o s i t i o n   into  i t s   i n t e r m e d i a t e   p o s i t i o n  

in  engagement  with  the  dr ive  pawl  116  for  the  i n t e r m e d i a t e   drive  g e a r  
94  and  with  the  l a t t e r   i n t e r m e d i a t e   gear  now  being  d isposed  i n  

d r iv ing   engagement  with  the  pedal  dr ive  shaf t   upon  resumpt ion   o f  

the  forward  r o t a t i o n a l   d i sp l acemen t   of  the  l a t t e r .  



As  wi l l   be  appa ren t   from  a  comparison  of  Figs.   11D,  11C 

and  11B,  the  above  de sc r i bed   c o l l a r   d i s p l a c e m e n t   w i l l   s e l e c t i v e l y  
loca te   the  p e r p e n d i c u l a r   su r f ace   210  of  the  camming  r idge   208  i n  

p o s i t i o n   to  o p e r a t i v e l y   engage  the  pin  166  on  the  con t ro l   member 

15o  whenever  the  l e f t   pedal  crank  36  and  l e f t   dr ive   pedal  40  a r e  

again  d i sposed   at  the  above  noted  second  p r ede t e rmined   poin t   i n  

t he i r   path  of  r o t a t i o n .   As  wi l l   also  be  appa ren t   from  Figs.   11B 

and  11C,  when  the  c o l l a r   180  is  in  i t s   i n t e r m e d i a t e   p o s i t i o n   b o t h  

the  camming  r idges   306  and  208  are  s e l e c t i v e l y   loca ted   for  p i n  

engagement  to  permit   e i t h e r   u p s h i f t i n g   or  downsh i f t i ng   at  t he  

opt ion   of  the  r i d e r .  

When  the  p e r p e n d i c u l a r   su r face   201  of  the  camming  r i d g e  

208  is  p o s i t i o n e d   r e l a t i v e   to  the  pin  166  as  shown  in  Fig.  11B, 

con t inued   r e v e r s e   r o t a t i o n a l   d i sp l acemen t   of  the  c o l l a r   member 

180  as  i n d i c a t e d   by  the  arrow  214,  through  the  l im i t ed   arc  d e t e r m i n e d  

by  the  length   and  p i t ch   of  the  r idge  208  wi l l   e f f e c t   a  con -  

commitant  l i n e a l   d i sp l acemen t   of  the  c o l l a r   180  a x i a l l y   of  t h e  

pedal  dr ive  shaf t   32  in  the  d i r e c t i o n   i n d i c a t e d   by  the  arrow  220 

and  to  the  p o s i t i o n   i l l u s t r a t e d   in  Fig.  11A.  In  the  manner  d e s -  

c r ibed   above,  such  c o l l a r   d i s p l a c e m e n t   wi l l   e f f e c t   an  accompanying  

d i s p l a c e m e n t   of  the  a c t u a t i n g   member  114  from  i t s   i n t e r m e d i a t e   t o  

i t s   f u l l y   advanced  p o s i t i o n   wherein  the  dr ive  gear  96  is  d i s p o s e d  

in  d r i v ing   engagement  with  the  pedal  sha f t   32  upon  resumpt ion   o f  

forward  r o t a t i o n a l   d i s p l a c e m e n t   of  the  l a t t e r .  

In  the  above  de sc r ibed   c o n s t r u c t i o n ,   s h i f t i n g   is  l i m i t e d  

to  c o l l a r   d i s p l a c e m e n t   i n t e r m e d i a t e   the  above  de sc r i bed   advance  

and  r e t r a c t e d   p o s i t i o n s .   Thus,  once  the  l imi t   of  u p s h i f t i n g   o r  

downsh i f t i ng   has  been  e f f e c t e d ,   no  f u r t h e r   u n d i r e c t i o n a l   s h i f t i n g  

can  be  e f f e c t e d   s ince  the  o p e r a t i v e   camming  r idges   wi l l   be 

p o s i t i o n e d   out  of  o p e r a t i v e   range  of  the  p i n s .  

As  wi l l   now  be  a p p a r e n t ,   the  d i a m e t r i c a l l y   s e p a r a t e d  

l o c a t i o n   and  opposed  p o s i t i o n i n g   of  the  camming  r idges   206  and 

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



r i g h t   and  l e f t   pedals  38  and  40,  at  which  reverse   r o t a t i o n  

through  a  small  arc  as  determined  by  the  length  and  p i tch   o f  

the  camming  r idges   206  and  208  wil l   e f f e c t   " u p s h i f t i n g "   o r  

" d o w n s h i f t i n g "   of  the  t r a n s m i s s i o n .   For  example,  u p s h i f t i n g  

may  be  c o n v e n i e n t l y   e f f e c t e d   by  l imi ted   r everse   r o t a t i o n ,   f o r  

example,  through  about  300  of  reverse   movement  of  the  r i g h t  

pedal  38  when  such  pedal  is  in  i ts   lowermost  p o s i t i o n   and 

downsh i f t i ng   e f f e c t e d   by  s i m i l a r   l imi ted   r eve r se   r o t a t i o n   o f  

the  l e f t   pedal  40  when  such  pedal  is  in  i ts   lowermost  p o s i t i o n .  
As  above  d e s c r i b e d ,   a  p rede te rmined   minimum  amount  o f  

r eve r se   r o t a t i v e   d i sp l acemen t   of  the  pedal  drive  shaf t   32  i s  

r e q u i r e d ,   at  e i t h e r   of  the  two  defined  l o c a t i o n s   to  e f f e c t   a 

s h i f t i n g   of  the  gears .   At  the  time  that   such  minimum  d e g r e e  
of  r eve r se   r o t a t i v e   d i sp l acemen t   of  the  pedal  drive  shaf t   32 

has  been  e f f e c t e d ,   the  ac t ion   of  the  spr ing  loaded  indent  b a l l  

190  wil l   complete  the  d i sp lacemen t   of  the  c o l l a r   180  n e c e s s a r y  
to  e f f e c t   the  des i red   gear  s h i f t   through  t r a n s f e r   of  t he  

indent   bal l   190  to  the  ad j acen t   locking  r eces s .   If  however ,  

r eve r se   r o t a t i o n   is  i n i t i a t e d   at  the  proper  l oca t i on   but  the  

minimum  r equ i r ed   amount  of  r everse   d i sp lacemen t   is  not  e f f e c t  

by  the  r i d e r ,   the  ac t ion   of  the  spring  biased  indent  bal l   192 

under  the  ac t ion   of  the  s loping   seat  su r faces   172  or  174,  w i l l  

serve  to  r e l o c a t e   the  c o l l a r   180  in  i ts   i n t e r m e d i a t e   p o s i t i o n ,  
where  the  indent   bal l   190  is  seated  in  recess   198. 

As  wil l   now  be  apparen t   to  thos  s k i l l e d   in  this  a r t ,  
while  the  i l l u s t r a t e d   c o n s t r u c t i o n   is  p r e s e n t l y   p r e f e r r e d ,   a x i a l  

d i sp l acemen t   of  the  c o l l a r   180  in  response  to  r everse   r o t a t i o n  

of  the  drive  pedal  shaf t   could  be  s i m i l a r l y   e f f e c t e d   by  mount ing  
the  camming  r idges   on  the  s leeve  154  and  l o c a t i n g   the  pins  166 

and  168  on  the  c o l l a r   180.  For  example,  a  pair   of  s h i f t   c o n t r o l  

members  disposed  180o  apar t   could  have  the  camming  r idges   mounted 

thereon  and  with  the  pin  members  166  and  168  mounted  on  the  

c o l l a r .   Likewise ,   the  camming  r idges   could  be  i n t e g r a l   with  the  



s leeve  154  and  the  pins  166  and  168  mounted  on  a  p i v o t a l l y  

d i s p l a c e a b l e   con t ro l   member  forming  a  par t   of  the  c o l l a r   180. 

The  fo rego ing   pedal  r e s p o n s i v e   m u l t i - s p e e d   t r a n s -  

miss ion   p rov ides   enhanced  s a f e t y   for  the  b i c y c l e   r i d e r   i n  

that   i t   does  not  r e q u i r e   r e l e a s e   of  the  handle  bars  by  t h e  

o p e r a t o r   or  d i v e r s i o n   of  v i s i o n   from  the  path  of  t r a v e l   d u r i n g  

s h i f t i n g   o p e r a t i o n s   e n t i r e l y   apar t   from  a  r a p i d i t y   o f  

o p e r a t i o n   that   minimizes  the  time  r e q u i r e d   to  change  s p e e d s .  

The  de sc r i bed   system  is  a lso  e s s e n t i a l l y   f a i l - s a f e   in  t h a t  

if  any  pawl  member  b i a s i n g   spr ing   f a i l s   and  permi ts   i t s   pawl 

116  to  become  d r i v i n g l y   engaged  with  i t s   r e l a t e d   dr ive   g e a r ,  
then  such  gear  wi l l   o p e r a t i v e l y   dr ive  the  b i cyc l e   u n l e s s  

another   and  d e l i b e r a t e l y   engaged  dr ive  gear  happens  to  be  one 

that   would  dr ive  the  b i cyc l e   at  a  h igher   speed.  Thus,  i f  

through  b i a s i n g   spr ing   f a i l u r e ,   more  than  one  dr ive  gear  g e t s  

d r i v i n g l y   engaged  with  the  r o t a t i n g   pedal  dr ive  s h i f t   32,  t h e  

dr ive  gear  that   wi l l   produce  the  h i g h e s t   speed  wi l l   do  t h e  

d r iv ing   and  the  o ther   gear  w i l l   be  ove r r i dden   due  to  the  s l o p i n g  

upper  su r f ace   of  the  dr ive   pawls  116. 



1.  In  a  m u l t i - s p e e d   t r a n s m i s s i o n   for  b i c y c l e s ,  

a  drive  shaf t   adapted  in  use  to  be  r o t a t a b l y  

d i s p l a c e d   wi th in   the  pedal  shaf t   hub  of  a  b icycle   frame  i n  

response   to  pedal  d i s p l a c e m e n t ,  

c o l l a r   means  mounted  on  said  drive  shaf t   f o r  

r o t a t i o n   in  c o n j u n c t i o n   t he rewi th   and  pe rmi t t ed   l o n g i t u d i n a l  

d i sp l acemen t   t h e r e a l o n g ,   and 

means  engageable  with  said  c o l l a r   means  and 

r e s p o n s i v e   to  a  p rede te rmined   arc  of  r eve r se   r o t a t i v e   d i s -  

placement  of  said  drive  shaf t   for  d i s p l a c i n g   said  c o l l a r   means 

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

2.  The  combinat ion  as  set  fo r th   in  Claim  1  f u r t h e r   i n c l u d i n g :  

a  p l u r a l i t y   of  drive  gears  r o t a t a b l y   mounted  on  s a i d  

drive  s h a f t ,  

means  for  connec t ing   each  of  said  drive  gears  i n t o  

s e l e c t i v e   d r iv ing   engagement  with  said  drive  sha f t ,   and 

means  r e s p o n s i v e   to  the  p o s i t i o n a l   l oca t i on   of  said 

c o l l a r   means  l o n g i t u d i n a l l y   of  said  drive  shaf t   for  e f f e c t i n g  

s e l e c t e d   connec t ion   of  said  drive  gears  into  d r iv ing   engagement 
with  said  drive  s h a f t .  

3.  The  combinat ion  as  set  fo r th   in  Claim  2,  wherein  s a i d  

means  connec t ing   each  of  said  drive  gears  into  d r iv ing   engagement  

with  said  drive  shaf t   comprises  pawl  means  e f f e c t i v e l y   subjec t   to 

s t r e s s   only  during  forward  r o t a t i o n a l   d i sp lacemen t   of  said  d r i v e  

s h a f t .  

4.  The  combinat ion  as  set  fo r th   in  Claim  3,  wherein  s a i d  

s t r e s s   is  c o m p r e s s i v e .  
5.  The  combinat ion   as  set  fo r th   in  Claim  3,  wherein  said  l i s t  

mentioned  means  for  e f f e c t i n g   the  s e l e c t i v e   connec t ion   of  said  d e i  

gears  into  d r iv ing   engagement  with  said  drive  shaf t   comprises  a r  

e longa te   spr ing  member  having  one  te rminal   end  the reof   secured  to  

said  c o l l a r   member  and  the  other  end  thereof   normally  biased  i n t  

l i f t i n g   engagement  with  the  unders ide   of  said  pawl  means.  



6.  The  combina t ion   as  set   f o r th   in  Claim  1  f u r t h e r   i n c l u d i n g .  

a  p l u r a l i t y   of  dr ive  gears  r o t a t a b l y   mounted  on  s a i d  

dr ive  s h a f t ,   and 

a  change  gear  d i sposed   in  meshed  engagement  with  e ach  

of  said  dr ive  gears ,   each  of  said  change  gears  being  mounted  f o r  

c o n j o i n t   r o t a t i o n   on  a  common  s h a f t .  

7.  The  combina t ion   as  set  fo r th   in  Claim  6,  f u r t h e r   i n c l u d i n g  

a  pedal  dr ive   sp rocke t   d i r e c t l y   dr iven  by  one  of  said  dr ive  g e a r s  
and  drive  chain  c o n n e c t a b l e   to  the  rear   dr ive   wheel  of  said  b i c y c l e .  

8.  The  combina t ion   as  set  f o r t h   in  Claim  2,  wherein  s a i d  

means  for  connec t ing   the  dr ive  gears  into  s e l e c t i v e   d r i v ing   e n g a g e -  

ment  with  said  dr ive  sha f t   and  said  means  for  e f f e c t i n g   the  s e l e c t e d  

connec t ion   of  said  dr ive  gears  into  d r i v ing   engagement  with  s a i d  

dr ive  sha f t   are  s u b s t a n t i a l l y   s t r e s s   f ree   during  d i sp l acemen t   o f  

said  c o l l a r   member. 

9.  The  combinat ion   as  set  f o r th   in  Claim  2,  wherein  s a i d  

means  for  connec t ing   each  of  said  dr ive  gears  into  d r i v i n g   e n g a g e -  
ment  with  said  dr ive   sha f t   comprises   compres s ive ly   s t r e s s a b l e   d i s -  

placement   pawl  means .  

10.  The  combina t ion   as  set  f o r th   in  Claim  2,  wherein  s a i d  

means  for  connec t ing   each  of  said  drive  gears  into  d r i v ing   e n g a g e -  

ment  with  said  dr ive  sha f t   comprises   pawl  members  normal ly   b i a s e d  

in  r e t r a c t e d   p o s i t i o n   w i th in   the  p e r i m e t e r   of  said  dr ive   sha f t   and 

d i s p l a c e a b l e   into  e l e v a t e d   d r i v ing   engagement  with  said  d r i v e  

gears  to  s e l e c t i v e l y   r o t a t e   the  l a t t e r   in  c o n j u n c t i o n   with  t h e  

r o t a t i o n   of  said  dr ive   s h a f t .  

11.  The  combina t ion   as  set  f o r t h   in  Claim  10,  wherein  s a i d  

pawl  members  d i s p l a c e d   in  d r i v i n g   engagement  with  said  dr ive   sha f t   a r e  

s u b j e c t e d   to  compress ive   s t r e s s .  

12.  The  combinat ion   as  set  fo r th   in  Claim  10,  wherein  s a i d  

pawls  are  p i v o t a l l y   d i s p l a c e a b l e   into  e l e v a t e d   p o s i t i o n   and  a r e  

d r i v i n g l y   engageable   with  said  dr ive  gears  in  s e l e c t i v e  r e s p o n s e   t o  

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



13.  The  combinat ion   as  set  fo r th   in  any one  of  the  p r e c e d i n g  

c la ims,   i n c l u d i n g   spr ing  biased  de ten t   means  for  s e l e c t i v e l y  

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

l o c a t i o n s   l o n g i t u d i n a l l y   of  said  dr ive  s h u f t .  

14.  The  combinat ion   as  set  fo r th   in  any  one  of  the  p r e c e d i n g  

claims  in  combinat ion   with  a  m u l t i - s p e e d   t r a n s m i s s i o n   a s s o c i a t e d   w i t h  

the  hub  of  the  rear   wheel  of  a  b i cyc le   and  i n t e r c o n n e c t e d   t h e r e w i t h  

by  a  drive  c h a i n .  

15.  The  combinat ion  as  set  fo r th   in  any one  of  the  p r e c e d i n g  

c la ims ,   i n c l u d i n g   a  camming  r idge  means  d isposed  in  d i a m e t r i c a l l y  

opposed  r e l a t i o n   on  the  outer   su r face   of  said  c o l l a r   means .  

16.  The  combinat ion  as  set  fo r th   in  Claim  5,  f u r t h e r  

i nc lud ing   a  p i v o t a l l y   mounted  s h i f t   con t ro l   member  d i s p l a c e a b l e  

r a d i a l l y   of  said  drive  shaf t   d isposed  in  spaced  r e l a t i o n   with  s a i d  

c o l l a r   means  and  suppor t i ng   said  means  engageable   with  s a i d  

c o l l a r   means .  

17.  The  combinat ion   as  set  fo r th   in  Claim  16,  i nc lud ing   p i n  

means  mounted  on  said  s h i f t   con t ro l   member  engageable   with  s a i d  

camming  r idge  means .  

18.  The  combinat ion  as  set  f o r th   in  Claim  1,  i n c l u d i n g  

camming  r idge  means  engageable   with  pin  means  for  e f f e c t i n g   d i s -  

placement   of  said  c o l l a r   means  l o n g i t u d i n a l l y   of  said  d r i v e  

s h a f t .  
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