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54)  Transmission  system  for  motor-bogies  of  railway  vehicles,  and  railway  vehicles  using  this  transmission  system. 
drive  motor  and  each  driving  axle,  including  a  coupling  (26) 
with  barrel-shaped  teeth  capable  of  allowing  relative  move- 
ment  of  each  of  the  driving  axles  with  respect  to  the  drive 
motor. 

©  A  transmission  system  for  motor-bogies  of  railway 
vehicles,  having  a  pair  of  spaced-apart  driving  axles  (14,  16) 
driven  by  at  least  one  drive  motor  (22,  23)  supported  by  the 
body  of  the  vehicle,  and  transmission  means  between  the 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o   r a i l w a y  

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

a p a r t   d r i v i n g   a x l e s   r o t a t e d   by  a t   l e a s t   one  d r i v e  

m o t o r   t h r o u g h   t r a n s m i s s i o n   means   b e t w e e n   t h e   d r i v e  

m o t o r   and  e a c h   d r i v i n g   a x l e .  

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

of  t h e   t y p e   d e f i n e d   a b o v e ,   in  w h i c h   t h e   or  e a c h   d r i v e  

m o t o r   is  s u p p o r t e d   by  t h e   body  of  t h e   v e h i c l e   and  i s  

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

r e s p e c t i v e   b o g i e .  

S i m i l a r   v e h i c l e s ,   some  of  w h i c h   a r e   a l r e a d y   in  s e r v i c e ,  

l i k e   t h e   T . G . V .   in  F r a n c e   and  t h e   P e n d o l i n o   i n  

I t a l y , a n d   some  of  w h i c h   a r e   s t i l l   a t   t h e   d e s i g n  

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

s y s t e m s .   In  f a c t ,   t h e   r e m o v a l   of  t h e   w e i g h t   of  t h e  

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

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

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

of  s t a b i l i t y   and  s a f e t y   in  o p e r a t i o n ,   as  w e l l   a s  

f r o m   t h a t   of  low  " r a i l   a g g r e s s i v e n e s s " .  

I t   is  c l e a r   t h a t   t h e s e   s o l u t i o n s   n e c e s s i t a t e   t h e   u s e  

of  t r a n s m i s s i o n   members   b e t w e e n   t h e   d r i v e   m o t o r s  

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

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

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

any  w e i g h t   i n c r e a s e   such   as  to   a d v e r s e l y   a f f e c t   t h e  

m o t i o n   of  t h e   b o g i e s .  

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

members   h a v e   shown  t h e m s e l v e s   to   be  p o o r l y   f u n c t i o n a l  



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

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

t h e   m o t o r s   and   a x l e s ,   as  w e l l   as  p r o b l e m s   o f  

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

t r a n s m i s s i o n s   and   t h e   m o t o r s .  

The  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   is   p r e c i s e l y   t h a t  

of  a v o i d i n g   t h e s e   d i s a d v a n t a g e s ,   by  p r o v i d i n g   a  

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

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

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

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

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

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

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

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

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

A c c o r d i n g   t o   t h e   i n v e n t i o n ,   t h i s   o b j e c t   is  a c h i e v e d  

by  means   of   a  t r a n s m i s s i o n   s y s t e m   f o r   m o t o r - b o g i e s  

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

d r i v i n g   a x l e s ,   a t   l e a s t   one  d r i v e   m o t o r   s u p p o r t e d  

in  s u c h   a  way  t h a t   i t   is  n o t   c o u p l e d   to   t h e   b o g i e ,  

and   t r a n s m i s s i o n   means   b e t w e e n   t h e   d r i v e   m o t o r   a n d  

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

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

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

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

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

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

d r i v e   m o t o r .  

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

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

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



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

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

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

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

t h e   maximum  d e g r e e   of  m o v e m e n t   a l l o w e d   by  t h e  

f i r s t   c o u p l i n g .  

The  t r a n s m i s s i o n   s y s t e m   a c c o r d i n g   t o   t h e   i n v e n t i o n  i s  

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

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

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

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

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

t h e   m o t i o n   of  t h e   b o g i e ;  
-  an  i n c r e a s e   in  t h e   moment  of  i n e r t i a   of  t h e  

body   of  t h e  v e h i c l e   and  t h u s   a r e d u c t i o n   in  t h e  

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

-  e a s e   of  i n s t a l l a t i o n   of  m o t o r s   w i t h  

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

p o w e r f u l   m o t o r s ) ;  

-  e a s e   of  l u b r i c a t i o n ;  

-  e a s e   of  c h a n g i n g  o f   the  g e a r  r a t i o   and  t h e r e f o r e  

t h e   t y p e   of  s e r v i c e   of  t h e   v e h i c l e .  

M o r e o v e r ,   t h e   p a r a s i t i c   m o t i o n s   c h a r a c t e r i s t i c   o f  

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

t r a n s v e r s e   and  l o n g i t u d i n a l   r o l l i n g )   i n v o l v e  

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

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

s t r e s s e s   t h a t   t h e y   c a u s e .   T h e s e   p a r a s i t i c   m o t i o n s   d o  

n o t ,   on  t h e   o t h e r   h a n d ,   h a v e   any  e f f e c t   on  t h e  

t r a n s m i s s i o n   s y s t e m .  

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

t h e   i n v e n t i o n   g i v e s   t h e   b o g i e   in  w h i c h   i t   is  u s e d  

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



same  t i m e   r e d u c i n g   t h e   " r a i l   a g g r e s s i v e n e s s "   of  t h e  

v e h i c l e .  

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

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

a x l e s :  

-  an  a n n u l a r   r o t a r y   i n p u t   member   r o t a t e d   by  t h e  

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

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

i n t e r n a l   t e e t h ,  

-  a  r o t a r y   o u t p u t   member   f o r   r o t a t i n g   t h e  

d r i v i n g - a x l e ,   t h e   o u t p u t   member  b e i n g   a r r a n g e d  

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

e x t e r n a l   t e e t h ,  

-  an  i n t e r m e d i a t e   a n n u l a r   r o t a t y   m e m b e r  

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

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

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

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

t e e t h ,   and  i n t e r n a l   t e e t h   w h i c h   e n g a g e   t h e   e x t e r n a l  

t e e t h   of   t h e   t o o t h e d   o u t p u t   member   t h r o u g h   a  s e c o n d  

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

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

t h e   o u t p u t   member  t o g e t h e r   w i t h   t h e   i n t e r m e d i a t e  

member  r e l a t i v e   t o   t h e   i n p u t   member   up  t o   a  

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

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

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

i n p u t   member   of  a  d e g r e e   g r e a t e r   t h a n   t h i s   p r e - e s t a b l i s h e d  

maximum  a n g u l a r   v a l u e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  d e t a i l   w i t h  

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

by  way  of  a  n o n - l i m i t i n g   e x a m p l e ,   in  w h i c h :  



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

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

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

F i g u r e   2  is  a  v e r t i c a l   s e c t i o n a l   v i ew  of  t h e  

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

F i g u r e   3  shows  a  d e t a i l   of  F i g u r e   2  in  s e c t i o n   a n d  

on  an  e n l a r g e d   s c a l e ,  

F i g u r e   4,  5  and  6  a r e   t h r e e   d i a g r a m s   w h i c h   i l l u s t r a t e  

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

F i g u r e   7  i l l u s t r a t e s   a  v a r i a n t   of  F i g u r e   1,  a n d  

F i g u r e   8  is  a  p l a n   v i e w   of  F i g u r e   7  f r o m   a b o v e .  

R e f e r r i n g   i n i t i a l l y   t o   F i g u r e   1,  by  10  i s  

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

l o c o m o t i v e ,   t h e   body   of  w h i c h   is  p a r t i a l l y  

i n d i c a t e d   1 2 .  

In  known  m a n n e r ,   t h e   s t r u c t u r e   of  t h e   b o g i e   10  

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

r e s p e c t i v e   d r i v i n g   a x l e s   14 ,   16  d r i v e n   by  a n  

e l e c t r i c   d r i v e   m o t o r   22  t h r o u g h   two  d r i v e - s h a f t s   1 8 ,  

20 .   The  m o t o r   22  is  s u p p o r t e d   by  t h e   body   12  and  i s  

t h e r e f o r e   no t   c o u p l e d   t o   t h e   b o g i e   10,   and  d r i v e s  

t h e   t w o   d r i v e - s h a f t s   18,   20  by  means  of  a  t r a n s m i s s i o n  

s y s t e m ,   g e n e r a l l y   i n d i c a t e d   24  in  F i g u r e   1 .  

R e f e r r i n g   now  in  g r e a t e r   d e t a i l   to  F i g u r e   2,  t h e  

t r a n s m i s s i o n   s y s t e m   24  c o m p r i s e s   a  c o u p l i n g   26  

c o n t a i n e d   in  a  l u b r i c a t i n g   c a s i n g   28  o u t   of  w h i c h   t h e  

two  d r i v e - s h a f t s   18,   20  p r o j e c t   t h r o u g h   s e a l s ,  



and   d r i v e n   in  r o t a t i o n   by  means   of  a  g e a r   w h e e l   3 0  

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

c a s i n g   28  and  d r i v e n   by  t h e   s h a f t   of  t h e   d r i v e   m o t o r  

2 2 .   The  a x i s   of  r o t a t i o n   of  t h e   w h e e l   30  i s  

p a r a l l e l   t o   t h e   l o n g i t u d i n a l   a x i s   L  of  t h e   b o g i e   1 0 .  

The   c o u p l i n g   26  i n c l u d e s   an  a n n u l a r   i n p u t   member  3 2  

s u p p o r t e d   r o t a t a b l y   by  t h e   c a s i n g   28  a b o u t   an  a x i s  

B  p a r a l l e l   t o   t h e   a x i s   of  r o t a t i o n   A  of  t h e  

t o o t h e d   w h e e l   30  by  means   of  r o l l i n g   b e a r i n g s   2 9 .  

The  i n p u t   member   32  h a s   an  e x t e r n a l   r i n g   g e a r   34  

m e s h i n g   w i t h   t h e   g e a r   w h e e l   30 ,   and  a  p a i r   o f  

a x i a l l y   s p a c e d   i n t e r n a l   g e a r s   3 6 ,   38 .   B e t w e e n  

e a c h   of  t h e   s e t s   of  t e e t h   36 ,   38  and  t h e   e x t e r n a l  

b o d y   of  t h e   i n p u t   member   32 ,   is   d e f i n e d   a  l a t e r a l  

a n n u l a r   s t o p   s u r f a c e   4 0 ,   42  t h e   f u n c t i o n   of  w h i c h  

w i l l   be  e x p l a i n e d   b e l o w .  

Two  i n t e r m e d i a t e   r o t a r y   m e m b e r s   4 4 ,   46 ,   e a c h   c o m p r i s e  

a  d i s c - l i k e   p a r t   47 ,   48  c a r r y i n g   an  a n n u l a r   p a r t  

5 0 ,   52  c o n c e n t r i c   on  0 , 0 '   w i t h   a  r e s p e c t i v e   i n t e r n a l  

g e a r   3 6 ,   38  of   t h e   i n p u t   member   3 2 .  

E a c h   a n n u l a r   p a r t   5 0 ,   62  h a s   an  e x t e r n a l   r i n g   g e a r  
5 4 ,   56  w i t h   b a r r e l - s h a p e d   t e e t h   w h i c h   mesh  w i t h  

t h e   i n t e r n a l   g e a r s   3 6 ,   38  of  t h e   i n p u t   member   3 2  
in   s u c h   a  way  as  t o   d e f i n e   a  r e s p e c t i v e   f i r s t  

c o u p l i n g   5 8 ,   5 6   w i t h   b a r r e l - s h a p e d   t e e t h .  

E a c h   a n n u l a r   e l e m e n t   50 ,   52  a l s o   has   an  i n t e r n a l  

g e a r   6 2 ,   64  and  i s   p r o v i d e d ,   on  i t s   end  o p p o s i t e  
t h e   r e s p e c t i v e   d i s c   47 ,   48 ,   w i t h   an  a n n u l a r   m e m b e r  

6 6 ,   68  f o r m i n g   r e s p e c t i v e   s t o p s   70 ,   72  f o r  

c o o p e r a t i n g   w i t h   t h e   s t o p   s u r f a c e s   40  and  42  in  t h e  

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



The  d i s c   p a r t s   47  and  48  of  t h e   two  r o t a r y   i n p u t  

members   44  and  46  h a v e   c e n t r a l   c o u p l i n g   p a r t s  

7 4 ,  7 6   w i t h   s p h e r i c a l   s u r f a c e s ,   w h i c h   a r e   a r t i c u l a t e d  

t o g e t h e r   by  an  a r t i c u l a t e d   c o u p l i n g   of  known  t y p e ,  

f o r   e x a m p l e   an  O l d h a m   c o u p l i n g   78,   w h i c h   w i l l   n o t   b e  

d e s c r i b e d   in  t h e s e   d e t a i l s   f o r   t h e   s a k e   of  b r e v i t y .  

Two  r o t a r y   o u t p u t   member s   80 ,   82  a r e   c o u p l e d   f o r  

r o t a t i o n   w i t h   t h e   two  d r i v e - s h a f t s   18,   2 0  

r e s p e c t i v e l y .  

Each  o u t p u t   member   80 ,   82  c o m p r i s e s   a  d i s c - l i k e   p a r t  

84 ,   86  f o r m i n g   an  i n t e r n a l l y   t h r e a d e d   hub  88 ,   90  a n d  

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

92,   94  f a c i n g   t h e   r e s p e c t i v e   d r i v e - s h a f t   18 ,   2 0 .  

In  a d d i t i o n ,   e a c h   r o t a r y   o u t p u t   member  80 ,   82  h a s  

an  e x t e r n a l   r i n g   g e a r   96,   98  w i t h   b a r r e l - s h a p e d  

t e e t h   w h i c h   m e s h e s   w i t h   t h e   i n t e r n a l   g e a r  

62,   64  of  t h e   r e s p e c t i v e   i n t e r m e d i a t e   r o t a r y   m e m b e r  

44 ,   46  in  s u c h   a  way  as  to   d e f i n e   a  r e s p e c t i v e  

s e c o n d   c o u p l i n g   1 0 0 ,   102  w i t h   b a r r e l - s h a p e d   t e e t h .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   g e a r s   3 6 ,  5 4 ,  6 2   and  96 

on  t h e   one  h a n d ,   and  t h e   g e a r s   38 ,   56 ,   64  and  98 

on  t h e   o t h e r   h a n d ,   t h a t   i s ,   t h e   f i r s t   and   s e c o n d  

c o u p l i n g s   58 ,   100  and  60 ,   102  w i t h   b a r r e l - s h a p e d   t e e t h ,  

a r e   a r r a n g e d   c o n c e n t r i c a l l y   on  0  and  0'  r e p s e c t i v e l y .  

W h i l e ,   as  s t a t e d   a b o v e ,   t h e   r o t a r y   i n p u t   member  32 

and  e a c h   i n t e r m e d i a t e   r o t a r y   member  4 4 ,  4 6   a r e  

p r o v i d e d   w i t h   r e s p e c t i v e   l a t e r a l   s t o p   means   40 ,   7 0  

and  4 2 ,  7 2 ,   e a c h   r o t a r y   o u t p u t   member  80 ,   82  i s  

c o u p l e d   a x i a l l y   t o   t h e   c o r r e s p o n d i n g   i n t e r m e d i a t e   r o t a r y  
member  44 ,   46  by  means   of  a  r e s p e c t i v e   r i n g   c e n t r e d  

on  0,  0'  and  f o r m e d   by  a  r e s p e c t i v e   s e r i e s   o f  



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

r e s t r a i n i n g   u n i t s   104 ,   1 0 6 .  

With   r e f e r e n c e   t o   F i g u r e   3,  one  of   t h e   u n i t s   104  

w i l l   now  be  d e s c r i b e d   in  d e t a i l ,   i t   b e i n g   b o r n e   i n  

mind  t h a t   t h e   o t h e r   u n i t s   104  and  t h e   u n i t s   106  

a r e   a b s o l u t e l y   i d e n t i c a l .  

The  u n i t  1 0 4   i l l u s t r a t e d   in  F i g u r e   3  c o m p r i s e s   a  

t u b u l a r   g u i d e   e l e m e n t   108  i n s e r t e d   s l i d a b l y  

in  an  a x i a l   h o l e   110  f o r m e d   in  t h e   o u t p u t   m e m b e r  

80  b e t w e e n   t h e   e x t e r n a l   hub   p a r t   92  and  t h e   r i n g  

g e a r   96 .   The  h o l e   110  h a s   an  i n t e r m e d i a t e   p a r t  

of  l a r g e r   d i a m e t e r   112  w i t h   w h i c h   an  e x t e r n a l  

a n n u l a r   r e b a t e   114  of  t h e   g u i d e   e l e m e n t   1 0 8  

c o r r e s p o n d s .   A  h e l i c a l   c o m p r e s s i o n   s p r i n g   116  w h i c h  

c o a x i a l l y   s u r r o u n d s   t h e   g u i d e   e l e m e n t   114  i s  

i n s e r t e d   in  t h e   p a r t   112  and  i t s   e n d s   b e a r   a g a i n s t  

w a s h e r s   1 1 8 ,   120  t h e   r a d i a l l y   i n t e r n a l   p o r t i o n s  

of  w h i c h   b e a r   a g a i n s t   t h e   g u i d e   e l e m e n t   114  and  t h e  

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

t h e   e n d s   of   t h e   w i d e n e d   p a r t   112  of  t h e   h o l e   1 1 0  

on  t h e   o u t p u t   member  80.   C l e a r l y ,   t h e   s p r i n g   116  

b i a s s e s   t h e   t u b u l a r   g u i d e   e l e m e n t   108  i n t o   a  
c e n t e r e d   p o s i t i o n   r e l a t i v e   to   a  d i a m e t r a l   m e d i a n  

p l a n e   of  t h e   h o l e   1 1 0 .  

Two  a x i a l l y   o p p o s i n g   p u s h   r o d s ,   i n d i c a t e d   112  a n d  

124 ,   b e a r   in  an  a r t i c u l a t e d   m a n n e r   i n t e r n a l l y   a g a i n s t  

t h e   g u i d e   e l e m e n t   108  and  e x t e r n a l l y   a g a i n s t   t h e  

i n t e r m e d i a t e   r o t a r y   member  44 ,   in  s u c h   a  way  as  t o  

p e r m i t   r e l a t i v e   s l i d i n g   m o v e m e n t s   b e t w e e n   t h e   g u i d e  
e l e m e n t   114  and  t h e   o u t p u t   member  80  a g a i n s t   t h e   a c t i o n  

of  t h e   s p r i n g   116 .   In  e f f e c t ,   e a c h   push   r o d   112 ,   124  

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

i n t e r n a l   p a r t s ,   1 2 6 , 1 3 0   and  128 ,   132  r e s p e c t i v e l y ,  



h a v i n g   ends   w i t h   s p h e r i c a l   s u r f a c e s   134 ,   136  and  1 3 8 ,  

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

b e a r i n g   members   w i t h   s p h e r i c a l   s u r f a c e s   142,   144  

and  146,   148  c a r r i e d   r e s p e c t i v e l y   by  t h e   i n t e r m e d i a t e  

r o t a r y   member  44  and  t h e   t u b u l a r   g u i d e   e l e m e n t   1 0 8 .  

In  e f f e c t ,   t h e   b e a r i n g   e l e m e n t s   142  and  144  a r e  

c a r r i e d   r e s p e c t i v e l y   by  t h e   a n n u l a r   e l e m e n t   66  a n d  

by  t h e   d i s c - l i k e   p a r t   47  of  t h e   i n t e r m e d i a t e  

r o t a r y   member  44,   w h i l e   t h e   e l e m e n t s   146  and  1 4 8  

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

p a r t   of  t h e   c a v i t y   in  t h e   g u i d e   e l e m e n t   1 0 8 .  

As  is  e v i d e n t   f r o m  F i g u r e   3,   t h e   s p h e r i c a l   b e a r i n g  

s u r f a c e s   134 ,   138  and  136,   140  of  t h e   push   r o d s  

122  and  124  a r e   c o n c a v e ,   w h i l e   t h e   c o m p l e m e n t a r y  

s p h e r i c a l   b e a r i n g   s u r f a c e s   of  t h e   e l e m e n t s   142 ,   1 4 4  

and  146,   148  a re   c o n v e x .   The  c o r r e c t   c o n t a c t  

p r e s s u r e   b e t w e e n   t h e s e   s u r f a c e s   is  e n s u r e d   b y  

means  of  c o m p r e s s i o n   s p r i n g s   150 ,   152  i n t e r p o s e d  

a x i a l l y   b e t w e e n   t h e   p a r t s   126 ,   128  and  130 ,   132 

of  t h e   two  push   r o d s   122  and  1 2 4 .  

R e t u r n i n g   now  to   F i g u r e   2,  e a c h   of  t h e   d r i v e   s h a f t s  

1 8 ,  2 0   h a s ,   a t   i t s   end  1 8 a ,   20a  w i t h i n   t h e   c a s i n g  

28 ,   a  s p l i n e d   end  p a r t   w i t h   a  c o n i c a l   s u r f a c e   1 5 4 ,  

156  e n g a g e d   in  t h e   s p l i n e d   h u b   92,   94  of  t h e  

r e s p e c t i v e   o u t p u t   member  8 0 ,   82.   The  ends   1 8 a , 2 0 a  

a r e   h o l l o w   and  h o u s e   r e s p e c t i v e   a x i a r   s c r e w s   1 5 8  

160  w h i c h   a r e   s c r e w e d   i n t o   t h e   i n t e r n a l   hubs   88,   9 0  

and  u r g e   t h e   ends   1 8 a ,   20a  t o w a r d s   t h e   d i s c - l i k e  

p a r t s   84,   86  of  t h e   o u t p u t   m e m b e r s   80 ,   82  t h r o u g h  

r e s i l i e n t   members   162,   1 6 4 .  

The  o p p o s i t e   ends   of  t h e   d r i v e - s h a f t s   18,  20  a r e  

c o n n e c t e d   to   t h e   d r i v i n g   a x l e s   14,   16  t h r o u g h   t w o  

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



n o t   i l l u s t r a t e d .  

I t   w i l l   be  e v i d e n t   f r o m   t h e   f o r e g o i n g   t h a t   t h e  

c o u p l i n g s   5 8 ,   100  and  6 0 ,   102  w i t h   b a r r e l - s h a p e d  

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

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

f r o m   t h e   d r i v e   m o t o r   22  t o   t h e   r e s p e c t i v e   d r i v i n g  

a x l e   1 4 ,   1 6 ,   t h u s   a l l o w i n g   t h e   n e c e s s a r y   a n g u l a r  

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

s u p p o r t e d   by  t h e   b o d y   12  of  t h e   v e h i c l e .  

The  f u n c t i o n i n g   of  t h e   t r a n s m i s s i o n   s y s t e m   24  i s  

i l l u s t r a t e d   in   t h e   d i a g r a m s   of  F i g u r e s   4  to   6,  i n  

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

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

18  h a s   b e e n   shown  s c h e m a t i c a l l y .   In   e f f e c t ,   t h e  

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

t e e t h   a s s o c i a t e d   w i t h   t h e   d r i v e - s h a f t   20  i s  

e x a c t l y   t h e   s a m e .  

F i g u r e   4  i l l u s t r a t e s   t h e   s y s t e m   in  s t a t i c   c o n d i t i o n s ,  

or  in  t h e   c o n f i g u r a t i o n   in  w h i c h   t h e   a x i s   H  of  t h e  

d r i v e - s h a f t   18  or   t h e   o u t p u t   member  80  is   a l i g n e d  

w i t h   t h e   a x i s   B  of   t h e   i n p u t   member   32 .   Unde r   s u c h  

c o n d i t i o n s ,   t h e   c o n t a c t   p o i n t s   P1  b e t w e e n   t h e   g e a r s  
36  and  54  of   t h e   f i r s t   c o n n e c t i o n   58  and  P2  b e t w e e n  

t h e   g e a r s   62  and  96  of  t h e   s e c o n d   c o n n e c t i o n   1 0 0  

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

c e n t r e   0  and   p e r p e n d i c u l a r   t o   t h e   a x i s   B.  In  t h i s  

p o s i t i o n ,   t h e   r e s p e c t i v e   l a t e r a l   s t o p   s u r f a c e s   40  a n d  

70  of  t h e   i n p u t   member   32  and  t h e   i n t e r m e d i a t e  

member  44  a r e   s p a c e d   f r o m   e a c h   o t h e r .  

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

s h a f t   18  or  t h e   o u t p u t   member   80  and  t h e   i n p u t  

member  32  a b o u t   t h e   c e n t r e   of  r o t a t i o n   0  a r e   a l l o w e d  



by  t h e   t o o t h e d   c o u p l i n g   58  b e t w e e n   t h e   r e s p e c t i v e  

g e a r s   36  and  54  of  t h e   i n p u t   member  32  and  t h e  

i n t e r m e d i a t e   member  44 .   I n - f a c t ,   d u r i n g   t h e s e   s m a l l  

m o v e m e n t s   t h e   o u t p u t   member  80  and  t h e   i n t e r m e d i a t e  

member  44  move  t o g e t h e r   a b o u t   t h e   c e n t r e   of  r o t a t i o n  

0,  s i n c e   t h e   s p r i n g s   116  of  t h e   r e s t r a i n i n g   m e m b e r s  

104  s t a y   in  an  u n d e f o r m e d   c o n d i t i o n .   The  p l a n e  

p a s s i n g   t h r o u g h   t h e   c o n t a c t   p o i n t s   P1  b e t w e e n   t h e  

g e a r s   36 ,   54  and  P2  b e t w e e n   t h e   g e a r s   62 ,   96  of  t h e  

c o n n e c t i o n s   58  and  100  is  i n c l i n e d   t o   t h e   a x i s   B 

a t   an  a n g l e   e q u a l   t o   t h a t   of  t h e   i n c l i n a t i o n  

b e t w e e n   t h e   a x i s   H  and  t h e   a f o r e s a i d   a n g l e   B.  T h e  

maximum  v a l u e   of  t h i s   a n g l e ,   i n d i c a t e d   X  in  F i g u r e  

5,  is  d e t e r m i n e d   by  t h e   a b u t m e n t   b e t w e e n   t h e   r e s p e c t i v e  

s u r f a c e s   70  and  40  of  t h e   i n t e r m e d i a t e   member  44  a n d  

t h e   i n p u t   member  3 2 .  

F u r t h e r   a n g u l a r   m o v e m e n t s   of  t h e   a x i s   H  r e l a t i v e  

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

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

member  80  and  t h e   i n t e r m e d i a t e   member  44  r e n d e r e d  

p o s s i b l e   by  t h e   r e s t r a i n i n g   members   104.   In  f a c t ,  

when  t h e   a n g l e   of  t h e   a x i s   H  r e l a t i v e   to   t h e   a x i s  

B  t e n d s   to   e x c e e d   t h e   v a l u e   of  t h e   a n g l e   X,  t h e  

i n t e r m e d i a t e   member  44  is  m a i n t a i n e d   in  t h e   s t o p  

p o s i t i o n   of  a b u t m e n t   b e t w e e n   t h e   s u r f a c e   70  a n d  

t h e   s u r f a c e   40 ,   w h i l e   t h e   s p r i n g s   116  of  t h e  

r e s t r a i n i n g   members   104  a r e   c o m p r e s s e d   in  t h e   m a n n e r  

i l l u s t r a t e d   in  F i g u r e   6,  and  c o n s e q u e n t l y   t h e   o u t p u t  

member  80  s l i d e s   r e l a t i v e   to   t h e   g u i d e   e l e m e n t s   1 0 8 .  

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

t h e   c o n t a c t   p o i n t s   P1  b e t w e e n   t h e   g e a r s   36  and  54  

of  t h e   c o n n e c t i o n   58  is  k e p t   i n c l i n e d   to   t h e   a x i s  

B  a t   t h e   a n g l e   X,  t h e   p l a n e   p a s s i n g   t h r o u g h   t h e  

c o n t a c t   p o i n t s   P2  b e t w e e n   t h e   g e a r s   62  and  96  of  t h e  



c o n n e c t i o n   100  c a n   t u r n   a b o u t   t h e   c e n t r e   o f  

r o t a t i o n   0  u n t i l   i t   i s   d i s p o s e d   a t   an  a n g l e   w i t h  

a  v a l u e   Y  n o t i c e a b l y   g r e a t e r   t h a n   X .  

I t   is   c l e a r   t h a t   t h e   v a l u e   of  t h e   a n g l e   Y  c o r r e s p o n d s  

t o   t h e   maximum  a n g l e   in  o p e r a t i o n   b e t w e e n   t h e  

m e c h a n i c a l   m e m b e r s   c o n n e c t e d   by  t h e   t r a n s m i s s i o n  

s y s t e m .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   i n v e n t i o n   c o u l d   a l s o  

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

p r o v i d e d   w i t h   an  i n d e p e n d e n t   m o t o r   f o r   e a c h   of  t h e  

d r i v i n g   a x l e s   14 ,   1 6 .  

T h i s   c o n f i g u r a t i o n   is   i l l u s t r a t e d   in  F i g u r e s   7  a n d  

8,   in  w h i c h   t h e   r e s p e c t i v e   d r i v e   m o t o r s   a r e  

i n d i c a t e d   2 2 ,   23  and  d r i v e   t h e   s h a f t   18  a n d  

t h e   s h a f t   20  r e s p e c t i v e l y   t h r o u g h   a  s i n g l e   c e n t r a l  

u n i t   25 .   In   t h i s   c a s e , t h e   u n i t   25  i s  

s u b s t a n t i a l l y   s i m i l a r   t o   t h e   u n i t   24  d e s c r i b e d   a b o v e ,  

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

member   32  i s   d i v i d e d   and   i s   t h u s   c o n s t i t u t e d   b y  

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

a  r e s p e c t i v e   m o t o r   22 ,   2 3 .  



1.  A  t r a n s m i s s i o n   s y s t e m   f o r   m o t o r - b o g i e s   ( 1 0 )  

of  r a i l w a y   v e h i c l e s   ( 1 2 ) ,   h a v i n g   a  p a i r   of  s p a c e d -  

a p a r t   d r i v i n g   a x l e s   ( 1 4 ,   16)  a t   l e a s t   one  d r i v e  

m o t o r   (22)  s u p p o r t e d   in  s u c h   a  way  t h a t   i t   i s  

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

means   (24 ,   25)  b e t w e e n   t h e   d r i v e   m o t o r   (22)  a n d  

e a c h   d r i v i n g   a x l e   ( 14 ,   1 6 ) , c h a r a c t e r i s e d   in  t h a t  

t h e   t r a n s m i s s i o n   means   i n c l u d e   a  c o u p l i n g   ( 2 6 )  

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

d r i v i n g   a x l e   ( 1 4 ,  1 6 )   to   t h e   d r i v e   m o t o r   ( 2 2 )  

and  is  c a p a b l e   of  a l l o w i n g   r e l a t i v e   m o v e m e n t  

of  e a c h   of  t h e   d r i v i n g   a x l e s   (14 ,   16)  w i t h  

r e s p e c t   t o   t h e   d r i v e   m o t o r   ( 2 2 ) .  

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

t h a t   t h e   c o u p l i n g   (26)  w i t h   b a r r e l - s h a p e d   t e e t h  

i n c l u d e s ,   f o r   e a c h   of  t h e   d r i v i n g   a x l e s   ( 1 4 ,   1 6 ) ,  

f i r s t   and  s e c o n d   c o u p l i n g s   (58 ,   100;  60 ,   102)  w i t h  

b a r r e l - s h a p e d   t e e t h   a r r a n g e d   in  s e r i e s ,   of  w h i c h  

t h e   s e c o n d   ( 1 0 0 ,   102)  is  c a p a b l e   of  a l l o w i n g  

r e l a t i v e   m o v e m e n t   of  t h e   d r i v i n g   a x l e s   ( 1 4 ,   1 6 )  

r e l a t i v e   t o   t h e   d r i v e   m o t o r   (22)  of  a  d e g r e e  

(Y)  g r e a t e r   t h a n   a  t h r e s h o l d   v a l u e   c o r r e s p o n d i n g  

t o   t h e   v a l u e   (X)  of  maximum  movement   a l l o w e d  

by  t h e   f i r s t   c o u p l i n g   ( 5 8 ,  6 0 ) .  

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

t h a t   t h e   c o u p l i n g   (26)  w i t h   b a r r e l - s h a p e d   t e e t h  

i n c l u d e s ,   f o r   e a c h   of  t h e   d r i v i n g   a x l e s   ( 1 4 ,  1 6 ) :  

-  an  a n n u l a r   r o t a r y   i n p u t   member  (32)  r o t a t e d  

by  t h e   d r i v e   m o t o r   (22)  a b o u t   an  a x i s   (B)  p a r a l l e l  

t o   t h e   l o n g i t u d i n a l   a x i s   (L)  of  the   b o g i e   (10)  a n d  

h a v i n g   i n t e r n a l   t e e t h   ( 3 6 ,  3 8 ) ;  

-  a  r o t a r y   o u t p u t   member  (80,   82)  f o r   r o t a t i n g  

t h e   d r i v i n g   a x l e ( 1 4 ,   1 6 ) ,   t h e   o u t p u t   member  h a v i n g  



e x t e r n a l   t e e t h   ( 9 6 ,   98)  c o n c e n t r i c   w i t h   t h e   t e e t h  

( 3 6 ,  3 8 )   of   t h e   i n p u t   member   ( 3 2 )  ;  

-  an   i n t e r m e d i a t e   a n n u l a r   r o t a r y   m e m b e r  

( 4 4 ,   46)  i n t e r p o s e d   b e t w e e n   t h e   i n p u t   member   ( 3 2 )  

and   t h e   o u t p u t   member  ( 8 0 ,   82)  and   h a v i n g   e x t e r n a l  

t e e t h   ( 5 4 ,   56)  w h i c h   e n g a g e   t h e   i n t e r n a l   t e e t h  

( 3 6 , 3 8 )   of  t h e   i n p u t   member   (32)  t h r o u g h   a  f i r s t  

c o u p l i n g   ( 5 8 ,   60)  w i t h   b a r r e l - s h a p e d   t e e t h ,   and  i n t e r n a l  

t e e t h   ( 6 2 ,   64)  w h i c h   e n g a g e   t h e   e x t e r n a l   t e e t h   ( 96 ,   9 8 )  

of   t h e   o u t p u t   member   ( 8 0 ,   82)  t h r o u g h   a  s e c o n d  

c o u p l i n g   ( 1 0 0 ,   102)  w i t h   b a r r e l - s h a p e d   t e e t h ;  

t h e   f i r s t   c o u p l i n g   ( 5 8 ,   60)  w i t h   b a r r e l - s h a p e d  

t e e t h   b e i n g   c a p a b l e   of  a l l o w i n g   o s c i l l a t i o n s   of  t h e  

o u t p u t   member   ( 8 0 ,   82)  t o g e t h e r   w i t h   t h e   i n t e r m e d i a t e  

m e m b e r   ( 4 4 ,   46)  r e l a t i v e   t o   t h e   i n p u t   member  ( 3 2 )  

up  t o   a  p r e - e s t a b l i s h e d   maximum  a n g u l a r   v a l u e   ( X ) ,  

and   t h e   s e c o n d   c o u p l i n g   ( 1 0 0 ,   102)  w i t h   b a r r e l - s h a p e d  

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

of   t h e   o u t p u t   member   ( 8 0 ,   82)  r e l a t i v e   t o   t h e   i n p u t  

m e m b e r   (32)   of  a  d e g r e e   (Y)  g r e a t e r   t h a n   t h e   p r e -  
e s t a b l i s h e d   maximum  a n g u l a r   v a l u e   ( X ) .  

4 .   A  s y s t e m   a c c o r d i n g   t o   C l a i m   3,   c h a r a c t e r i s e d  

in  t h a t   a  d r i v e   s h a f t   ( 1 8 ,   20)  is   c o u p l e d   t o   t h e  

o u t p u t   member   ( 8 0 ,   82)  f o r   r o t a t i o n ,   so  as  t o  

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

5.   A  s y s t e m   a c c o r d i n g   t o   C l a i m   4 ,   c h a r a c t e r i s e d   i n  

t h a t   t h e   d r i v e   s h a f t   ( 1 8 ,   20)  i s   p r o v i d e d   w i t h  

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

s p l i n e d   c o u p l i n g   w i t h   a  c o n i c a l   s u r f a c e   ( 1 5 4 ,   9 2 ;  

1 5 6 ,   94)  b e t w e e n   t h e   s h a f t   ( 18 ,   20)  and  t h e  

r e s p e c t i v e   o u t p u t   member  ( 8 0 ,  8 2 ) .  

6.   A  s y s t e m   a c c o r d i n g   t o   C l a i m   3  or  C l a i m   4 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   i n t e r m e d i a t e   member  ( 4 4 , 4 6 )  



and  t h e   i n p u t   member  (32)  a r e   p r o v i d e d   w i t h   l a t e r a l  

s t o p   m e a n s   40 ,   70;  42,   72)  w h i c h   c o o p e r a t e   a t  

t h e   p r e - e s t a b l i s h e d   maximum  a n g u l a r   v a l u e   (X) ,   a n d  

in  t h a t   t h e   i n t e r m e d i a t e   member  ( 4 4 ,  4 6 )   and  t h e  

o u t p u t   member   (80 ,   82)  a r e   c o u p l e d   t o g e t h e r   a x i a l l y  

by  means   of  a  s e r i e s   of  e l a s t i c a l l y - y i e l d i n g   r e s t r a i n i n g  

u n i t s   ( 1 0 4 ,   106)  so  as  to   a l l o w   o s c i l l a t i o n s   of  t h e  

o u t p u t   member   (80 ,   82)  r e l a t i v e   t o   t h e   i n t e r m e d i a t e  

member  ( 4 4 ,   46)  f o l l o w i n g   t h e   i n t e r v e n t i o n   of  t h e  

s t o p   means   ( 40 ,   70;  42,   7 2 ) .  

7.  A  s y s t e m   a c c o r d i n g   t o   C l a i m   6,  c h a r a c t e r i s e d   i n  

t h a t   t h e   r e s t r a i n i n g   u n i t s   ( 1 0 4 ,   106)  a r e   a r r a n g e d  

in  a  r i n g   c o n c e n t r i c   w i t h   t h e   o u t p u t   member  (80 ,   8 2 )  

and  e a c h   i n c l u d e s   a  t u b u l a r   g u i d e   e l e m e n t   ( 1 0 8 )  

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

(110)   in  t h e   o u t p u t   member  ( 80 ,   8 2 ) , r e s i l i e n t  

means  (116)   r e a c t i n g   b e t w e e n   t h e   o u t p u t   member  ( 8 0 ,  

82)  and  t h e   g u i d e   e l e m e n t   (108)   and  s e r v i n g   t o  

m a i n t a i n   t h e   g u i d e   e l e m e n t   (108)  in  a  c e n t e r e d   p o s i t i o n  

r e l a t i v e   t o   t h e   h o l e   (110)  in  t h e   o u t p u t   member  ( 8 0 ,  

8 2 ) ,   and  means   ( 1 2 2 ,   124)  f o r   e f f e c t i n g   a n  

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

e l e m e n t   (108)   and  t h e   i n t e r m e d i a t e   member  (44 ,   4 6 )  

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

b e t w e e n   t h e   o u t p u t   member  (80 ,   82)  and  t h e   g u i d e  

e l e m e n t   (108)   a g a i n s t   t h e   a c t i o n   of  t h e   r e s i l i e n t  

means  ( 1 1 6 ) .  

8.  A  s y s t e m   a c c o r d i n g   to   C l a i m   7,  c h a r a c t e r i s e d  

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

( 1 2 2 ,   124)  of  e ach   r e s t r a i n i n g   u n i t   (104)  c o m p r i s e  

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

s u r f a c e s   ( 1 3 4 ,   136,   138,   140)  a r r a n g e d   in  s l i d i n g  

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



s p h e r i c a l   s u r f a c e s   ( 1 4 6 ,   148)  c a r r i e d   by  t h e   g u i d e  

e l e m e n t   ( 1 0 8 .  

9.  A  s y s t e m   a c c o r d i n g   t o   C l a i m   8,  c h a r a c t e r i s e d  

in  t h a t   t h e   s p h e r i c a l   end  s u r f a c e s   ( 1 3 4 ,   1 3 6 ,   1 3 8 ,  

140)  of  t h e   p u s h   r o d s   ( 1 2 2 ,   124)  a r e   c o n c a v e   and  t h e  

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

( 1 4 2 ,   1 4 4 ,   1 4 6 ,   148)  a r e   c o n v e x .  

10.  A  s y s t e m   a c c o r d i n g   to   C l a i m   3,  c h a r a c t e r i s e d   i n  

t h a t   t h e r e   i s   a  s i n g l e   d r i v e   m o t o r   (22)  w h i c h   d r i v e s  

a  s i n g l e   i n p u t   member   (32)  w i t h   two  a x i a l l y   s p a c e d -  

a p a r t   s e t s   of   i n t e r n a l   t e e t h   ( 3 6 ,   38)  m e s h i n g   w i t h  

t h e   e x t e r n a l   t e e t h   ( 54 ,   56)  of  i n t e r m e d i a t e   m e m b e r s  

( 4 4 ,   46)  a s s o c i a t e d   w i t h   t h e   two  d r i v i n g   a x l e s  

(14 ,   1 6 ) ,   t h e   i n t e r m e d i a t e   members   ( 4 4 ,   46)  b e i n g  

i n t e r c o n n e c t e d   by  an  a r t i c u l a t e d   c o u p l i n g   ( 7 8 ) .  

11.   A  s y s t e m   a c c o r d i n g   t o   C l a i m   3,  c h a r a c t e r i s e d  i n  

t h a t   t h e r e   a r e   two   d r i v e   m o t o r s   ( 22 ,   23)  w h i c h  

d r i v e   r e s p e c t i v e   s e p a r a t e   i n p u t   member s   e a c h  

h a v i n g   a  r e s p e c t i v e   s e t   of  i n t e r n a l   t e e t h   (36 ,   3 8 )  

w h i c h   m e s h e s   w i t h   t h e   e x t e r n a l   t e e t h   ( 54 ,   56)  of  t h e  

i n t e r m e d i a t e   member   (44 ,   46)  a s s o c i a t e d   w i t h   a  

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

12.   A  r a i l w a y   v e h i c l e   i n c l u d i n g   a  body   ( 1 2 ) ,   a t  

l e a s t   one   m o t o r - b o g i e   (10)  h a v i n g   a  p a i r   of  s p a c e d -  

a p a r t   d r i v i n g   a x l e s   (14 ,   1 6 ) ,   a t   l e a s t   one  d r i v e  

m o t o r   (22)   s u p p o r t e d   by  t h e   body   (12)  in  s u c h   w a y  
t h a t   i t  i s   n o t   c o u p l e d   t o   t h e   b o g i e   (10)   and  a  
t r a n s m i s s i o n   s y s t e m   a c c o r d i n g   t o   any  one  of  t h e  

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

(14 ,   16)  w i t h   t h e   or  w i t h   t h e   r e s p e c t i v e   d r i v e  

m o t o r   ( 2 2 ) .  
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