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©  Bogie  mounting, 
(57)  A  high  speed  powered  railway  bogie  arrangement 
comprises  a  traction  motor  assembly  mounted  from  the 
locomotive  body  so  as  to  be  isolated  from,  but  to  swivel  with, 
the  bogie.  The  motor  drive  shafts  may  be  parallel  to  the  axles 
of  the  bogie  wheelsets.  A  flexible  drive  train  accommodates 
relative  motion  between  the  traction  motor  assembly  and  the 
bogie  wheelsets.  A  linkage  between  the  bogie  and  the 
traction  motor  assembly  allows  for  some  degree  of  lost 

24  31, 

motion  between  swivelling  of  the  bogie  and  swivelling  of  the 
traction  motor  assembly. 

By  decoupling  the  mass  of  the  traction  motors  from  the 
bogie,  "hunting"  disturbances  of  the  bogie,  which  tend  to 
arise  at  high  speeds,  are  minimised.  A  Watt  linkage  between 
the  bogie  and  the  locomotive  body  allows  the  bogie  lateral 
freedom  of  movement  with  respect  to  the  locomotive  body. 

Fig.   3. 
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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   to  r a i l w a y   r o l l i n g  

s t o c k   and  in  p a r t i c u l a r   r e l a t e s   to  l o c o m o t i v e   b o g i e s .  

T h e r e   e x i s t s   a  c o n t i n u i n g   need   to  i m p r o v e   s e r v i c e  

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

m a i n   l i n e   c u r v e s .   At  o p e r a t i n g   s p e e d s   a b o v e   160  k m / h r ,  

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

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

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

r u n n i n g   a b o v e   s p e e d s   of  160  k m / h r   i t   i s   n e c e s s a r y   to  m i n i m i s e  

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

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

and  t h e   g e a r b o x e s .  

At  s p e e d s   a b o v e   200  k m / h r ,   t h e   mass   of  t h e  

t r a c t i o n   m o t o r s   can  c a u s e   u n s t a b l e   o s c i l l a t i o n s   of   t h e  

b o g i e s   to  b u i l d   up .   F u r t h e r m o r e ,   w h e r e   v e r y   h i g h   s p e e d  

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

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

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

of   c u r v a t u r e   a t   t h e   r a i l s   a r e   l i a b l e   to  g e n e r a t e   l a r g e  

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

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

t h e   b o g i e   to  t h e   body   of  t h e   v e h i c l e ,   so  t h a t   t h e   body  a n d  

m o t o r s   move  l a t e r a l l y   o n l y   a t   t h e   low  n a t u r a l   f r e q u e n c y   o f  

t h e   body  on  i t s   s e c o n d a r y   s u s p e n s i o n   r a t h e r   t h a n   in  r e s p o n s e  

to  s u d d e n   s h o c k s   w h i c h   a r i s e   a t   t h e   w h e e l s e t   and  b o g i e .  



Known  h i g h   s p e e d   l o c o m o t i v e s   h a v e   e m p l o y e d  

t r a c t i o n   m o t o r s   m o u n t e d   on  t h e   body  b u t   have   r e q u i r e d   l a r g e  

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

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

s h a f t s   h a v e   been   c a n v a s s e d   f o r   h i g h   s p e e d ,   bu t   k n o w n  

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

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

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

I t   has   r e c e n t l y   b e e n   p r o p o s e d   to  mount   t h e   m o t o r s  

f r o m   t h e   body  in  s u c h   a  way  as  to   o c c u p y   n e a r l y   t he   s a m e  

l o c a t i o n   as  when  m o u n t e d   f rom  t h e   b o g i e ,   t h e   m o t o r   d r i v e  

s h a f t s   b e i n g   p a r a l l e l   to   t h e   w h e e l s e t   a x l e s .   However   t h e  

e s s e n t i a l   m o v e m e n t s   of   t h e   b o g i e   r e l a t i v e   to  t he   body  o n  

c u r v e s   and  t u r n o u t s ,   in   s i d i n g s ,   c r o s s - o v e r s   and  d e p o t   y a r d s ,  

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

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

a c c o m m o d a t e d   and  t h e r e f o r e   on  t h e   p o w e r   t r a n s m i t t e d   to   e a c h  

w h e e l s e t .   Thus  i t   i s   an  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   t o  

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

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

d e v e l o p i n g   h i g h   m o t i v e   p o w e r .  

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

r a i l w a y   b o g i e   a r r a n g e m e n t   c o m p r i s e s   a  t r a c t i o n   m o t o r  

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

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

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

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

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

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

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

w i t h   i t s   d r i v e   s h a f t   s u b s t a n t i a l l y   p a r a l l e l   to  t he   a x l e s   o f  

t h e   b o g i e   w h e e l s e t s .   H o w e v e r   i t   may  be  f e a s i b l e   in  s o m e  

c a s e s   to   mount   t h e   m o t o r s   w i t h   t h e   d r i v e   s h a f t s   t r a n s v e r s e  

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

b e t w e e n   t h e   m o t o r s   and  w h e e l s e t s .  



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

m o u n t e d   on  a  s w i v e l   m o u n t i n g   w h i c h   i s   c o a x i a l   w i t h   t h e   s w i v e l  

m o u n t i n g   of  t h e   b o g i e .   A  l i n k a g e   b e t w e e n   t h e   b o g i e   and  t h e  

t r a c t i o n   m o t o r   a s s e m b l y   may  be  a r r a n g e d   to  a l l o w   f o r   s o m e  

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

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

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

t h e   s w i v e l   a x i s   i s   d e c o u p l e d   f rom  s l i g h t   s w i v e l l i n g  

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

as  a  r e s u l t   of  u n e v e n e s s   in  t h e   r a i l   s u r f a c e s .   When  t h e  

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

o s c i l l a t i o n s   can  be  d a m p e d   much  more  e a s i l y   and  h i g h   s p e e d s  

can  be  r e a c h e d   b e f o r e   t h e   o n s e t   of   i n s t a b i l i t y .  

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

f r o m   t h e   body  of   t h e   l o c o m o t i v e   to  w h i c h   t h e   b o g i e   i s   a t t a c h e d  

so  as  to  t r a n s l a t e   w i t h   t h e   l o c o m o t i v e   body  bu t   to  s w i v e l  

w i t h   t h e   b o t i e .   Thus   a  l o c o m o t i v e   i n c o r p o r a t i n g   a  b o g i e   o f  

t h i s   t y p e   a t   e a c h   end  w i l l   e f f e c t i v e l y   c a r r y   one  or  m o r e  

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

of  i n e r t i a   and  c o r r e s p o n d i n g l y   r e d u c e   i t s   t e n d e n c y   to  s w a y  

or  " n o s e "   on  i t s   s e c o n d a r y   s u s p e n s i o n .  

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

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

m o t o r   a s s e m b l y   r e l a t i v e   to  t h e   l o c o m o t i v e   b o d y .   T h e  

s t a b i l i s e r   means   may  f o r   e x a m p l e   c o m p r i s e   a  s p r i n g - l o a d e d  

r o l l e r   w h i c h   e n g a g e s   a  d e p r e s s i o n   or  p r o j e c t i o n   in  a  m e m b e r  

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

body   when  t h e   b o g i e   i s   a l i g n e d   w i t h   t h e   b o d y ,   bu t   r i d e s   o u t  

of   t h e   d e p r e s s i o n   or   o v e r   t h e   p r o j e c t i o n   when  t h e   l o c o m o t i v e  

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

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

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

d u r i n g   r u n n i n g   on  s t r a i g h t   t r a c k   can  be  a v o i d e d .  

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



to   one   or   b o t h   b o g i e   w h e e l s e t s   by  a  f l e x i b l e   d r i v e   t r a i n .  

The  d r i v i n g   end  of  t h e   d r i v e   t r a i n   may  be  s u p p o r t e d   f r o m  

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

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

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

p i v o t e d   l i n k s   to  a rms   on  t h e   d r i v i n g   and  d r i v e n   s h a f t s   f o r  

e x a m p l e )   w h i c h   i s   a b l e   to  a c c o m m o d a t e   v e r t i c a l   m v o e m e n t   o f  

t h e   w h e e l s e t   on  i t s   p r i m a r y   s u s p e n s i o n .   L a t e r a l   m o v e m e n t  

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

f r o m   s w i v e l l i n g   o s c i l l a t i o n s   of   t h e   b o g i e   or  " n o s i n g "   o f  

t h e   l o c o m o t i v e   body  w i t h   i t s   a s s o c i a t e d   m o t o r   a s s e m b l i e s )  

may  s u i t a b l y   be  a c c o m m o d a t e d   by  l i n e a r   b e a r i n g s   in  t h e   t o r q u e  

c o u p l i n g .  

The  b o g i e   may  be  c o n n e c t e d   to  t h e   l o c o m o t i v e  

body   by  a  Wa t t   l i n k a g e   w h i c h   l o c a t e s   t h e   b o g i e   in  t h e  

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

of   m o v e m e n t   w i t h   r e s p e c t   to   t h e   l o c o m o t i v e   b o d y .  

The  Wat t   l i n k a g e   may  be  c o n n e c t e d   b e t w e e n   a  p i v o t  

on  t h e   b o g i e   and  t h e   t r a c t i o n   m o t o r   a s s e m b l y ,   t h e   c o n n e c t i o n  

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

t h e   l e v e l   of   t h e   b o g i e .   T h i s   e n s u r e s   t h a t   w e i g h t   t r a n s f e r  

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

and   b r a k i n g   t o r q u e )   i s   m i n i m i s e d .  

A l t e r n a t i v e l y   h o w e v e r   t h e   Wat t   l i n k a g e   may  be  i n  

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

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

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

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

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

f r a m e .  

Two  e m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  b e  

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

F i g u r e s   1  to   8  of  t h e   a c c o m p a n y i n g   d r a w i n g s ,   o f   w h i c h :  

F i g u r e   1  i s   a  s i d e   e l e v a t i o n   of   a  r a i l w a y   b o g i e  
in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,  



F i g u r e   2  i s   a  s e c t i o n ,   p a r t i a l l y   c u t   a w a y ,  

s h o w i n g   t he   b o g i e   of   F i g u r e   1 ,  

F i g u r e   3  i s   a  p l a n   v i ew  of  t he   b o g i e   of   F i g u r e   1 ,  

F i g u r e   3a  i s   a  p l a n   v iew  of  a  r a i l w a y   b o g i e  

h a v i n g   a l t e r n a t i v e   s t a b i l i s i n g   m e a n s ,  

F i g u r e   4  i s   a  s e c t i o n   on  IV- IV  of  F i g u r e   4 a  

s h o w i n g   in  d e t a i l   one   d r i v e   t r a i n   of  t he   b o g i e   shown  i n  

F i g u r e s   1  or  3 a ,  

F i g u r e   4a  i s   a  s i d e   e l e v a t i o n   of  t h e   m o t o r   a n d  

d r i v e   t r a i n   shown  in   F i g u r e   4 ,  

F i g u r e   5  i s   a  p a r t i a l   p l a n   v iew  of  t h e   u n d e r s i d e  

of   t h e   b o g i e   shown  in   F i g u r e   1,  s h o w i n g   a  Wat t   l i n k a g e  

c o n n e c t i o n ,  

F i g u r e   6  i s   a  p a r t i a l   a x i a l   s e c t i o n   s h o w i n g   t h e  

W a t t   l i n k a g e   of  F i g u r e   5 ,  

F i g u r e  7   i s   a  s i d e   e l e v a t i o n ,   p a r t i a l l y   c u t   a w a y ,  

of   a  s h o r t   w h e e l - b a s e   s i m i l a r   to  t h a t   shown  in  F i g u r e   2 ,  

F i g u r e   8  i s   a  s k e t c h   p e r s p e c t i v e   v i ew   of  t h e  

W a t t   l i n k a g e   u t i l i s e d   in   t h e   b o g i e   of  F i g u r e   7,  a n d  

F i g u r e   9  s h o w s   one  a l t e r n a t i v e   d r i v e   t r a i n   o f  

t h e   b o g i e   shown  in  F i g u r e s   1  or  3 a .  

S i m i l a r   p a r t s   a r e   i n d i c a t e d   by  c o r r e s p o n d i n g  

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

R e f e r r i n g   to   F i g u r e   1  to  3,  t he   b o g i e   s h o w n  

c o m p r i s e s   a  g e n e r a l l y   r e c t a n g u l a r   b o g i e   f r a m e   33  s u p p o r t e d  

on  p r i m a r y   s u s p e n s i o n   s p r i n g s   50  ( F i g u r e   1)  f rom  a x l e   b o x e s  

49  w h i c h   c a r r y   w h e e l s e t s   c o n s i s t i n g   of  w h e e l s   47  m o u n t e d  

on  a x l e s   21  ( F i g u r e   3 ) .   The  p r i m a r y   s u s p e n s i o n   i s   t h u s  

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

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

f r a m e   33.  The  b o g i e   i s   p o w e r e d   by  a  t r a c t i o n   m o t o r   a s s e m b l y  

c o m p r i s i n g   two  t r a c t i o n   m o t o r s   1  ( F i g u r e   3)  b o l t e d   to  a  

b o l s t e r   4  ( F i g u r e   2,  F i g u r e   3)  w h i c h   is   in  t u r n   m o u n t e d   f r o m  

t h e   l o c o m o t i v e   body   45  f o r   r o t a t i o n   a b o u t   the   b o g i e   s w i v e l  



a x i s   59  on  a  r o t a t i o n a l   b e a r i n g   2  ( F i g u r e   2 ) .   As  w i l l  

s u b s e q u e n t l y   be  d e s c r i b e d   in  more  d e t a i l ,   t h e   l o c o m o t i v e  

body   i s   c o u p l e d   to  t h e   b o g i e   f r a m e   33  by  a  W a t t   l i n k a g e  

c o n n e c t e d   b e t w e e n   b o l s t e r  4   and  a  p i v o t   38  e x t e n d i n g   f r o m  

b o g i e   f r a m e   33  ( F i g u r e   2 ) ,   and  i s   s u p p o r t e d   f rom  t he   b o g i e  

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

c o i l   s p r i n g s   31.   As  b e s t   s e e n   in  F i g u r e   3,  t h e   t r a c t i o n  

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

e a c h   t r a c t i o n   m o t o r   1  i s   c o u p l e d   to  a  g e a r b o x   3  w h i c h  

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

g e n e r a l l y   a t   57.   The  t o r q u e   c o u p l i n g s   57  ( w h i c h   w i l l  

s u b s e q u e n t l y   be  d e s c r i b e d   in  d e t a i l )   d r i v e   t h e   w h e e l s e t s  

and  a c c o m m o d a t e   v e r t i c a l   d i s p l a c e m e n t s   of  t h e   a x l e s   21  o n  

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

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

R o t a t i o n   of   t h e   t r a c t i o n   m o t o r   a s s e m b l i e s   on  b e a r i n g   2  i s  

t r a n s m i t t e d   to  t h e   r e m o t e   end  of   e a c h   g e a r b o x   3  by  s h o r t  

l i n k s   24  b e t w e e n   b o l s t e r   4  and  g e a r b o x   3.  Arms  28  a r e  

e a c h   s u p p o r t e d   by  a  l i n e a r   b e a r i n g   8  w h i c h   i s   a t t a c h e d  

b e n e a t h   t h e   h e a d s t o c k   of   t h e   b o g i e   f r a m e   33.  For   t h e   s a k e  

o f   c l a r i t y ,   o n l y   one  l i n e a r   b e a r i n g   8  i s   shown  b u t   in  f a c t  

e a c h   g e a r b o x   3  i s   s u p p o r t e d   by  i t s   own  l i n e a r   b e a r i n g   a n d  

in   g e n e r a l   t h e   two  t r a c t i o n   m o t o r s   1  a r e   s u p p o r t e d   a n d  

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

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

i s   d e s c r i b e d   s p e c i f i c a l l y .  

As  d e s c r i b e d   t h u s   f a r ,   t h e   t r a c t i o n   m o t o r s   1 ,  

g e a r b o x e s   3  and  a s s o c i a t e d   t o r q u e   c o u p l i n g s   57  a r e   f r e e   t o  

s w i v e l   a b o u t   a x i s   59  r e l a t i v e   to   t he   l c o o m o t i v e   b o d y ,   w h i l s t  

t r a n s m i t t i n g   d r i v i n g   or  b r a k i n g   t o r q u e   to  t h e   w h e e l s e t s .  

C o n s e q u e n t l y   t h e   moment   of  i n e r t i a   of  t h i s   a s s e m b l y   a b o u t  

s w i v e l   a x i s   59  i s   i s o l a t e d   f rom  any  r o t a t i o n a l   o s c i l a t i o n s  

of   t h e   b o g i e   f r a m e   33  a b o u t   t h i s   a x i s .   Such  o s c i l l a t i o n s  



t e n d   to   a r i s e   in   p r a c t i c e   as  a  r e s u l t   of   u n e v e n e s s   in  t h e  

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

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

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

o s c i l l a t i o n s   can   t h e r e f o r e   be  damped  much  more   e a s i l y .   A 

f u r t h e r   a d v a n t a g e   of   t h e   a r r a n g e m e n t   as  d e s c r i b e d   t h u s   f a r  

i s   t h a t   t h e   c e n t r e   of   mass   of  t he   t r a c t i o n   m o t o r   a s s e m b l y  

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

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

of  t h e   body  to   sway  or  " n o s e "   on  t he   b o g i e s   a n d ,   m o r e  

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

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

In  o r d e r   to  s w i v e l   t h e   m o t o r s   1  and  g e a r b o x e s  

3  w i t h   t h e   b o g i e   f r a m e   33  when  e n t e r i n g   c u r v e d   s e c t i o n s   o f  

t r a c k ,   w h i l s t   m a i n t a i n i n g   t h e i r   i s o l a t i o n   f rom  o s c i l l a t i o n s  

of  t h e   b o g i e   on  s t r a i g h t   t r a c k ,   a  l i n k   22  i s   c o n n e c t e d  

b e t w e e n   one  of   t h e   m o t o r s   1  and  the   t r a n s o m   of   b o g i e   f r a m e  

33  as  shown  in  F i g u r e   5.  L i n k   22  a l l o w s   a p p r o x i m a t e l y  

4 mm  of   l o s t   m o t i o n   b e t w e e n   r o t a t i o n   of   b o g i e   f r a m e   33  

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

s e c t i o n s   of   t r a c k .   In  o r d e r   to  s u p p r e s s   " h u n t i n g "  

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

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

s p r i n g - l o a d e d   s t a b i l i s e r   30,  i s   m o u n t e d   on  a  s u p p o r t   44  

f rom  t h e   l o c o m o t i v e   body  and  e n g a g e s   a  n o t c h   in  a  p r o j e c t i o n  

60  f rom  b o l s t e r  4   to  i n h i b i t   o s c i l l a t i o n   of  t h e   b o l s t e r   o n  

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

s e c t i o n   of   t r a c k   t h e   w h e e l s e t s   s w i v e l   t h e   b o g i e   f r ame   33  

a b o u t   i t s   s w i v e l   a x e s   59  u n t i l   t he   l o s t   m o t i o n   in  l i n k   2 2  

i s   f u l l y   t a k e n   up,   and  t h e n   p r o j e c t i o n   60  r o l l s   p a s t   i t s  

a s s o c i a t e d   r o l l e r s   131  ( w h i c h   t h u s   r i d e   o u t   of   t h e i r  

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

b o x e s   3  and  t o r q u e   c o u p l i n g s   57  to  s w i v e l   b o d i l y   w i t h   t h e  

b o g i e   f r a m e   to   f o l l o w   t h e   t r a c k   c u r v a t u r e .   On  c u r v e d   t r a c k ,  

" h u n t i n g "   of   t h e   b o g i e   33  i s   n o t   a  s e r i o u s   p r o b l e m   b e c a u s e  

t h e   f l e x i c o i l   s u s p e n s i o n   s p r i n g s   31  r e s i s t   s w i v e l l i n g   of  t h e  



b o g i e   and  t h e r e b y   h o l d   t h e   f l a n g e s   o f   w h e e l s   47  a g a i n s t   t h e  

r a i l s .  

The  f o r c e   n e e d e d   to  o v e r c o m e   t he   s t a b i l i s e r  

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

g e a r c a s e   t a k e s   p l a c e   on  r o l l e r   and  b a l l   b e a r i n g s .   I t   w i l l  

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

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

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

s e c o n d a r y   s u s p e n s i o n   31  when  t h e   s u p e r s t r u c t u r e   s w a y s   o r  

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

or   c u r v e d   t r a c k ,   s i n c e   t h e   n o t c h e d   s t a b i l i s e r   30  i s   c o n n e c t e d  

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

r o t a t i o n a l   b o l s t e r   4  and  t h e r e f o r e   m o t o r s   1,  w h i l s t   t h e   l i n k s  

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

r e s t r a i n   t h e   g e a r w h e e l   end  of  t h e   g e a r c a s e   f rom  d e s c r i b i n g  

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

s p o r a d i c   h u n t i n g   o c c u r   on  s t r a g h t   t r a c k .   The  a m o u n t   o f  

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

l a t e r a l   t r a c k   c l e a r a n c e   w h i c h   i s   p l u s   or  m i n u s   7  or  8  mm 

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

s m a l l   c l e a r a n c e s   a t   t h e   end  of   t h e   b o l s t e r   r o t a t i o n a l   l i n k  

22  e n s u r e   t h a t   on  s t r a i g h t   t r a c k ,   t h e   r o t a t i o n a l   i n e r t i a  

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

r o t a t i o n a l   m o v e m e n t s   of   t h e   b o g i e .  

F i g u r e   3A  shows   an  a l t e r n a t i v e   e m b o d i m e n t   i n  

w h i c h   two  d a m p e r s ,   200  and  201  r e p l a c e   t h e   s p r i n g   l o a d e d  

n o t c h e d   s t a b i l i s e r   30  i l l u s t r a t e d   in  F i g u r e   3.  T h e s e   d a m p e r s  

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

4  and  a c t   a c r o s s   t h e   s m a l l   m v o e m e n t   a l l o w e d   by  t h e   b o l s t e r  

r o t a t i o n a l   l i n k   22  ( s e e   F i g u r e   5 ) .   For   s l o w   r o t a t i o n a l  

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

t r a v e r s i n g   a  c u r v e ,   t h e y   h a v e   no  d i s c e r n i b l e   e f f e c t .  

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



s t a r t s   to  ' h u n t ' ,   i . e .   to  o s c i l l a t e   s i n u s o i d a l l y   a b o u t   t h e  

v e r t i c a l   a x i s   59  t h r o u g h   i t s   c e n t r e ,   t he   damper s   a c t   t o  

r e s t r a i n   such   m o v e m e n t .  

F i g u r e s   4  a n d   4a  show  in  d e t a i l   the  d r i v e   t r a i n  

f rom  one  of  t he   t r a c t i o n   m o t o r s   1  to  one  of  the   w h e e l s e t s ;  

t h e   d r i v e   t r a i n   from  t he   o t h e r   m o t o r   1  shown  in  F i g u r e   3  i s  

of  c o u r s e   p r e c i s e l y   s i m i l a r .   R e f e r r i n g   to  F i g u r e s   1,  2  a n d  

4a,   i t   can  be  s e e n   t h a t   each   m o t o r   1  i s   s u p p o r t e d   f r o m  

b o l s t e r   4  by  a  c u r v e d   l i n k   6  p i v o t e d   on  s p h e r i c a l   b e a r i n g s  

7  a t   t op   and  b o t t o m .   The  l i n e a r   r o l l e r   b e a r i n g s   8  p r o v i d e  

f o r   r e l a t i v e   l a t e r a l   movemen t   b e t w e e n   b o g i e   f rame  33  a n d  

t h e   l o c o m o t i v e   body  w h e t h e r   on  c u r v e d   or  s t r a i g h t   t r a c k .  

R e f e r r i n g   to  F i g u r e   4,  t he   g e a r b o x   3  c o n t a i n s  

a  p i n i o n   9  a t   t he   end  a d j a c e n t   to  t he   t r a c t i o n   m o t o r ,   a  

l a r g e   i d l e r   g e a r   10  and  the   d r i v i n g   g e a r w h e e l   11  which   a l s o  

s e r v e s   as  t he   h o l l o w   q u i l l   t u b e .   B o l t e d   i n s i d e   the   d r i v i n g  

g e a r   w h e e l   11  i s   an  a n n u l a r   d r i v e   e l e m e n t   12,  which   i s  

m a n u f a c t u r e d   in  two  h a l v e s   f o r   a s s e m b l y   p u r p o s e s .   T h e  

a n n u l a r   d r i v e   e l e m e n t   on  one  s i d e   and  t he   q u i l l   s t u b  

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

t h e   m o u n t i n g   p o i n t s   f o r   g e a r w h e e l   r o l l e r   b e a r i n g s   13.  T h e  

a n n u l a r   d r i v i n g   e l e m e n t   12  r e c e i v e s   d r i v i n g   or  e l e c t r i c  

b r a k i n g   t o r q u e   at   l u g s   14  i n s i d e   t he   g e a r w h e e l   and  to  w h i c h  

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

b u s h e s .  

R e f e r r i n g   to  p a r t   s e c t i o n   A-A,  the   l i n e a r  

r e c i r c u l a t i n g   r o l l e r   b e a r i n g s   218  a r e   l o a d e d   v i a   s p r i n g   p a d s  

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

of  c i r c u l a r   d i s h e d   s p r i n g s ,   g e n e r a l l y   known  as  " B e l l e v i l l e "  

w a s h e r s .   The  s p r i n g   p a d s   can  t y p i c a l l y   a c c e p t   movement   o f  

a b o u t   0 .4   to  0 .5   mm,  and  t h e y   s e r v e   to  m i n i m i s e   the   a c c u r a c y  

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

S u r f a c e s   203  and  204  a c c e p t   d r i v e   r e s p e c t i v e l y   i n  
e a c h   d i r e c t i o n   of  t r a v e l ,   w h i l s t   s u r f a c e s   205  and  206  d r i v e  



r e s p e c t i v e l y   in  e a c h   d i r e c t i o n   of  t r a v e l .   S p r i n g   p a d s   2 0 2 ,  

p r e - l o a d e d   to  a  h a l f   or   t w o - t h i r d s   maximum  t r a c t i v e   e f f o r t ,  

a c t   in  c o n j u n c t i o n   w i t h   r e - c i r c u l a t i n g   l i n e a r   r o l l e r   b e a r i n g s  

and  h a r d e n e d   s t e e l   r a c e w a y s   208 ,   t h u s   p r o v i d i n g   a  p l u n g e  

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

a c t   to  s u p p o r t   t h e   w e i g h t   of   t h e   d r i v e   t u b e   a s s e m b l y   2 0 9  

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

o c c u r   when  t h e   f l o a t i n g   r i n g   of  t he   f l e x i b l e   d r i v e   210  r u n s  

o f f - c e n t r e ,   i . e .   when  t h e   b o g i e   f r a m e   and  t h e r e f o r e   t h e  

d r i v i n g   q u i l l   t u b e   209  r i s e s   and  f a l l s   r e l a t i v e   to   t h e   a x l e  

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

i r r e g u l a r i t i e s .  

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

and  g e a r b o x   a s s e m b l y   to   t r a n s l a t e   l a t e r a l l y   on  t h e   s e c o n d a r y  

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

in  e i t h e r   d i r e c t i o n   w h e t h e r   e x e r t i n g   t r a c t i v e   e f f o r t ,  

b r a k i n g   or   c o a s t i n g .  

The  g e a r c a s e   a t   t h e   h e a d s t o c k   end  moves   l a t e r a l l y  

a t   t h e   same  t i m e   on  t h e   two  s i d e - b y - s i d e   l i n e a r   b e a r i n g s  

8  m o u n t e d   on  t h e   b o g i e   h e a d s t o c k .   The  d r i v i n g   member   i s  

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

b e a r i n g s   207  2 1 8 .   The  p l u n g e   b e a r i n g   so  f o r m e d   a l l o w s   t h e  

d r i v i n g   member   17  to   r e m a i n   in  the   same  p o s i t i o n   l a t e r a l l y  

in  r e l a t i o n   to   t h e   a x l e   and  f l e x i b l e   d r i v e ,   w h i l s t   m o t o r s   1 

and  g e a r c a s e   3  can   move  l a t e r a l l y   by  p l u s   or  m i n u s   65  mm  o n  

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

on  t h e   s e c o n d a r y   s u s p e n s i o n   and  on  c u r v e d   or  s t r a i g h t   t r a c k .  

The  d r i v i n g   member   17  t r a n s m i t s   d r i v i n g   or  e l e c t r i c  

b r a k e   t o r q u e   to  t h e   a x l e   by  means   of  a  f l e x i b l e   c o u p l i n g  

w h i c h   f o r m s   t h e   s u b j e c t   of   our   U.K.  p a t e n t   a p p l i c a t i o n   N o .  

8 5 0 7 7 2 0   ( w h i c h   i s   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e )   b u t   i n  

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

t h e   p a r t s   a r e   s t r u n g   o u t   a l o n g   the   a x i s   of  t h e   a x l e ,   r a t h e r  

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



B r i e f l y ,   d r i v i n g   member  17  t r a n s m i t s   t o r q u e   a t  

r u b b e r   b u s h i n g s   55  d r i v i n g   p a r a l l e l   l i n k s   18,  ( F i g u r e   2 )  

one  p u s h i n g   and  one  p u l l i n g .   T h e s e   l i n k s   a r e   c o n n e c t e d   b y  

t h r o u g h   p i n s   ( n o t   shown)   to  t w i n   ' f l o a t i n g '   r i n g s   19,  o n e  

on  e a c h   s i d e   of  t he   two  d r i v i n g   arms  of  t h e   d r i v i n g   m e m b e r  

17.  From  t he   f l o a t i n g   r i n g s   19  two  f u r t h e r   l i n k s   61  ( F i g u r e  

2)  d r i v e   b u s h e s   56  w h i c h   in  t u r n   d r i v e   t he   d r i v i n g   member  2 0  

w h i c h   i s   b o l t e d   to  t h e   w h e e l .  

O t h e r   f o r m s   of   f l e x i b l e   d r i v e   c o u l d   be  u s e d   w i t h  

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

w h i c h   i s   w e l l   known  e m p l o y s   t w i n   l i n k s   to  p u l l   or  push   t h e  

f l o a t i n g   r i n g   and  t w i n   l i n k s   to  c o r r e s p o n d i n g l y   push   or  p u l l  

t h e   a x l e ,   but   e ach   a c c o r d i n g   to  d i r e c t i o n   of  t r a v e l .   A g a i n  

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

member   to  t he   o p p o s i t e   w h e e l .  

The  f l e x i b l e   d r i v e   can  a l t e r n a t i v e l y   be  l o c a t e d  

at   t h e   c e n t r e   l i n e   of   t h e   a x l e   21  so  t h a t   d i f f e r i n g   t y p e s  

of  p r i m a r y   w h e e l s e t   yaw  s u s p e n s i o n ,   or  yaw  c o n t r o l   of  w h e e l -  

s e t s   can  be  a c c o m m o d a t e d ,   i n c l u d i n g   s e l f   s t e e r e d ,   c r o s s  

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

b e t w e e n   body  and  b o g i e   l i n k a g e s .   In  t h i s   c a s e ,   t h e  

t r a n s m i s s i o n   d i s c   b r a k e   213  i s   o m i t t e d .  

Thus  t he   a x l e   21  d r i v e n   a t   i t s   c e n t r e   l i n e   b y  

m e a n s   of  a  p u r e   t o r q u e   f rom  t h e   d r i v e n   member  20,  a n d  

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

m i n i m a l   u n s p r u n g   w e i g h t ,   can   r i s e ,   f a l l ,   or  t i l t   in  e n d  

v i e w   of   t he   v e h i c l e   and  w i t h i n   t he   d e s i g n   c o n f i n e s   of  t h e  

f l e x i b l e   d r i v e ,   i t s   d r i v i n g   member  17  and  d r i v e n   member  2 0 ,  

w h i l s t   t he   who le   g e a r c a s e   3  and  g e a r s   can  t r a n s l a t e  

l a t e r a l l y   r e l a t i v e   to  t h e   a x l e   as  t h e   s u p e r s t r u c t u r e   s w a y s  

or  n o s e s   on  t he   s e c o n d a r y   s u s p e n s i o n ,   m o v i n g   s i d e w a y s   b y  

p l u s   or  m inus   65  mm  on  t h e   r e - c i r c u l a t i n g   r o l l e r   b e a r i n g s  

207 ,   218  i n s i d e   t he   h o l l o w   d r i v i n g   g e a r w h e e l   and  a t   t h e  

h e a d s t o c k   of  t he   b o g i e   f r a m e   33.  The  a x l e   21  can  t h u s   yaw  



in  p l a n   v i e w ,   and  t h e   e x e c u t i o n   of  s u c h   m o t i o n   p l a c e s   n o  

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

t h e   w h e e l s e t   in  yaw,   or  on  t h e   w h e e l s e t   yaw  s u s p e n s i o n   o r  

c o n t r o l ,   and  t h e r e f o r e   i t   f o l l o w s ,   on  t h e   c o n t a c t   z o n e s  

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

of  t h e   a x l e   r e l a t i v e   to   t h e   q u i l l   d r i v e   a x i s ,   or  due  t o  

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

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

b r a k e   ( i f   f i t t e d )   or  c o a s t i n g .   (The  t r a n s m i s s i o n   d i s c  

b r a k e   need   n o t   be  f i t t e d   in  t h e   l o c a t i o n   shown   on  F i g u r e   3 . )  

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

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

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

b o g i e .  

T h e r e   i s   d i f f e r e n t i a l   m o v e m e n t   of   t h e   g e a r c a s e   3 

r e l a t i v e   to   t h e   h o l l o w   m o t o r   a r m a t u r e   s h a f t   34  in  end  v i e w  

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

b e a r i n g   s u p p o r t s   8  a t   t h e   h e a d s t o c k ,   w h i c h   a r e   s i d e   by  s i d e ,  

m a i n t a i n   t h e   g e a r b o x   in  t h e   same  h o r i z o n t a l   p l a n e   as  t h e  

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

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

s u p e r s t r u c t u r e   b o u n c e s   on  t h e   s e c o n d a r y   s u s p e n s i o n   31  t h e  

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

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

m o v e m e n t   a t   t h e   p i n i o n   end  of   t h e   g e a r b o x ,   b e t w e e n   t h e  

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

34  s i n c e   t h e   p i n i o n   end  of   t h e   g e a r b o x   i s   s u p e r s t r u c t u r e  

m o u n t e d   by  m e a n s   of   t h e   l i n k   6,  w h e r e a s   t h e   g e a r w h e e l   e n d  

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

l i n e a r   b e a r i n g s   8  a t   t h e   h e a d s t o c k   of  t h e   b o g i e   and  i s   t h u s  

m o u n t e d   on  t h e   p r i m a r y   s u s p e n s i o n   f o r   v e r t i c a l   m o v e m e n t s .  
T h e s e   s m a l l   d i f f e r e n t i a l   m o v e m e n t s   b e t w e e n   t h e  

p i n i o n   and  h o l l o w   a r m a t u r e   s h a f t   34  a r e   c a t e r e d   f o r   b y  



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

w h i c h   has   b e e n   in  use   at   110  mph  on  BR  f o r   more  t h a n  

10  y e a r s   and  has   g i v e n   v e r y   good  s e r v i c e .  

In  t h i s   d r i v e   a  g e a r t o o t h   c o u p l i n g   35  a b l e   t o  

a c c e p t   s m a l l   a n g u l a r   c h a n g e   of  a l i g n m e n t   as  to  i t s   a x i s ,  

t r a n s m i t s   d r i v i n g   t o r q u e   from  t h e   h o l l o w   a r m a t u r e   s h a f t   34 

of   t h e   t r a c t i o n   m o t o r   at   the   end  of  t h e   m o t o r   r e m o t e   f r o m  

t h e   g e a r c a s e   p i n i o n   9.  T r a n s m i s s i o n   o f   t h e   d r i v e   i s   t h e n  

by  m e a n s   of   a  s o l i d   s h a f t   36  c o n t a i n e d   w i t h i n   t he   h o l l o w  

a r m a t u r e   s h a f t   34  to  a  r u b b e r   b u s h e d   two  p a r t   c o u p l i n g   37 

a t   t h e   o p p o s i t e   end  and  wh ich   d r i v e s   t h e   p i n i o n .  

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

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

t h e   p u r e   t o r q u e   e x e r t e d   by  the   d r i v i n g   m e m b e r   20,   a r e  

e x e r t e d   on  t h e   b o g i e   f r a m e   33  a t   t h e   c e n t r e   l i n e   of  t h e  

a x l e b o x e s   49  a n d  t h e   p r i m a r y   s u s p e n s i o n   50 .   R e f e r r i n g   t o  

F i g u r e s   5  and  6 , t r a c t i o n   and  b r a k i n g   f o r c e s   a r e   t r a n s m i t t e d  

f r o m   t h e   b o g i e   f r a m e   33  to  t he   s u p e r s t r u c t u r e   by  means  of  a  

d o w n w a r d l y   p o i n t i n g   b o g i e   p i v o t   38  a t t a c h e d   to  t he   t r a n s o m  

of   t h e   b o g i e   f r a m e   33  and  a  Wat t   l i n k a g e   to  t he   r o t a t i n g  

b o l s t e r   4.  The  Wat t   l i n k a g e   c o n s i s t s   of   a  s h o r t   t r a c t i o n  

beam  39  b u s h e d   40  a t   t he   b o g i e   p i v o t ,   and  d i s p o s e d   to  l i e  

a c r o s s   t h e   b o g i e   f r a m e   and  s u p p o r t e d   by  two  s t r a p s   41  h a v i n g  

w e a r i n g   f a c e s   and  a t t a c h e d   to  t he   m o t o r f r a m e   a t   one  end  a n d  

t h e   r o t a t i o n a l   b o l s t e r   a t   t he   o t h e r   e n d .   At  t h e   o u t e r  

e x t r e m i t i e s   of   t h e   t r a c t i o n   beam  39  s h o r t   r u b b e r   b u s h e d  

t r a c t i o n   l i n k s   42  on  e i t h e r   s i d e   c o n n e c t   to   t h e   r o t a t i o n a l  

b o l s t e r  4   a t   a  low  h e i g h t ,   t h u s   t r a n s m i t t i n g   t r a c t i o n   a n d  

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

e x c e p t   f o r   t h e   a b i l i t y   to  r o t a t e   in   p l a n   v i e w   w i t h   the   b o g i e ,  

t h e   t r a c t i o n   b o l s t e r  4   and  m o t o r s   1  a r e   in   a l l   o t h e r   r e s p e c t s  

a  p a r t   of  t h e   s u p e r s t r u c t u r e .   Each  t r a c t i o n   l i n k   has   a  

r u b b e r   s p h e r i c a l   b u s h   142  at   i t s   c o n n e c t i o n   to  t he   t r a c t i o n  

beam  39  and  a  p l a i n   r u b b e r   bush   43  a t   t h e   c o n n e c t i o n   to  t h e  



r o t a t i o n a l   b o l s t e r   4 .  

The  l a r g e   d i a m e t e r   b a l l   or  r o l l e r   b e a r i n g   u s e d   a s  

t h e   r o t a t i o n a l   b e a r i n g  2   i s   w e l l   a b l e   to  a c c e p t   t he   l o n g -  

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

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

r o t a t i o n a l   b e a r i n g   and  t h e   t r a c t i o n   l i n k s   42  and  b o g i e  

p i v o t   3 8 .  

The  b o g i e   p i v o t   p o i n t   i l l u s t r a t e d   as  to  i t s   h e i g h t  

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

w i t h   t he   d r i v e   d i s c u s s e d   and  i l l u s t r a t e d .   Due  

to  t h e   r e m o v a l   of  t h e   m o t o r   f r a m e   to  become   e f f e c t i v e l y   a  

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

r e m o v e d   f rom  t h e   b o g i e   f r a m e   to  t h e   s u p e r s t r u c t u r e .  

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

w h i c h   i s   a d v e r s e ,   i s   d i v i d e d   by  t h e   d i s t a n c e   a p a r t   of   t h e  

p i v o t   p o i n t s   r a t h e r   t h a n   t he   b o g i e ' s   r e l a t i v e l y   s h o r t   w h e e l -  

b a s e .   Thus  t h e   r e m o v a l   of   t h e   r e a c t i o n   f rom  t he   b o g i e  

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

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

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

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

w e i g h t   t r a n s f e r .  

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

b e t w e e n   the   l o c o m o t i v e   body  45  ( F i g u r e   2)  b o g i e   f r a m e   3 3 ,  

and  b o l s t e r   4  s h o u l d   be  d a m p e d ,   and  a c c o r d i n g l y   h y d r a u l i c  

d a m p e r s   of  c o n v e n t i o n a l   t y p e   a r e   p r o v i d e d .   Two  of  t h e s e  

a r e   i n d i c a t e d   a t   48  in  F i g u r e   1 .  

F i g u r e s  7   and  8  show  a  b o g i e   w i t h   a  s h o r t e r   w h e e l b a s e  

t h a n   t h a t   shown  in  F i g u r e s   1  to  5.  The  s h o r t e r   w h e e l b a s e  

( t y p i c a l l y   3 .00m  as  o p p o s e d   to  3 . 3 5 m )   i s   a c h i e v e d   b y  

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

b o g i e   f r a m e   33 '   of  F i g u r e   7  i n c o r p o r a t e s   two  b r i d g i n g  

m e m b e r s   65  i n s t e a d .   A c c o r d i n g l y   t h e   m o t o r s   1  a r e   m o u n t e d  

c l o s e l y   a d j a c e n t   one  a n o t h e r   b e n e a t h   the   r o t a t a b l e   b o l s t e r   4 .  



As  in  t h e   e m b o d i m e n t   of  F i g u r e s   1  to  5,  a  W a t t  

l i n k a g e   t r a n s f e r s   d r i v e   f rom  t he   b o g i e   f r a m e   to  t he   s u p e r -  
s t r u c t u r e   45  w h i l s t   a l l o w i n g   l a t e r a l   f r e e d o m   of  t h e  

s u p e r s t r u c t u r e   r e l a t i v e   to  the   b o g i e   f r a m e   on  i t s   s e c o n d a r y  

s u s p e n s i o n .   As  shown  in  F i g u r e s   7  and  8,  a  b r i d g e   m e m b e r  

60  i s   m o u n t e d   f rom  s u p e r s t r u c t u r e   45  f o r   r o t a t i o n   a b o u t  

b o g i e   s w i v e l   a x i s   59  on  a  r o l l e r   b e a r i n g   2 ' .   As  b e s t   s e e n  

in  F i g u r e   8  t h e   b r i d g e   member  60  c o m p r i s e s   two  d i a g o n a l l y  

o p p o s i t e   l e g s   61  w h i c h   e m b r a c e   t he   b o l s t e r  4   and  m o t o r s   1 .  

H o w e v e r   b o l s t e r  4   s w i v e l s   i n d e p e n d e n t l y   of   b r i d g e   member  60  

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

r e s p e c t   to   t h e   b o g i e   f r ame   33'  by  a  r u b b e r - b u s h e d   l i n k   66 

( F i g u r e   7)  w h i c h   c o n n e c t s   i t   to  one  b r i d g e   p o r t i o n   65  o f  

b o t i e   f r a m e   3 3 ' .   R e f e r r i n g   t o  " F i g u r e   8,  b r i d g e   member  60 

is   c o n n e c t e d   to   e x t e n s i o n s   67  f rom  b o g i e   f r a m e   33'   by  t w o  

p a r a l l e l   l i n k s   64  w h i c h   a r e   p i v o t e d   a t   h o r i z o n t a l   a x e s   62  

f rom  l e g s   61  and  a r e   p i v o t e d   a t  t h e i r   o p p o s i t e   ends   a b o u t  

v e r t i c a l   a x e s   63,   t h e s e   v e r t i c a l   a x e s   b e i n g   f i x e d   w i t h  

r e s p e c t   to  t h e   b o g i e   f r a m e .   c o n s e q u e n t l y   b r i d g e   member  60  

and  t h e   a s s o c i a t e d   s u p e r s t r u c t u r e   45  can   move  l a t e r a l l y   o n  

t h e   b o g i e   b u t   i s   f i x e d   to  t he   b o g i e   in  t h e   l o n g i t u d i n a l  

d i r e c t i o n .   The  l i n k s   64  i n c o r p o r a t e   r u b b e r   b u s h i n g s   ( n o t  

s h o w n )   w h i c h   a l l o w   l i m i t e d   t w i s t i n g   of  a x e s   62  w i t h   r e s p e c t  

to  a x e s   63,   so  t h a t   b r i d g e   member  60  and  s u p e r s t r u c t u r e   45  

can  move  v e r t i c a l l y   and  l a t e r a l l y   ( i . e .   s i d e   to  s i d e )   on  i t s  

s e c o n d a r y   s u s p e n s i o n   ( n o t   shown  in  F i g s .   7  and  8 ) .  

The  s h o r t e r   b o g i e   w h e e l b a s e   a l l o w e d   by  t he   W a t t -  

l i n k a g e   b r i d g e   of  F i g u r e s   7  and  8  i s   h i g h l y   d e s i r a b l e   a n d  

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

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

on  t h e   b o g i e   d u r i n g   r u n n i n g   in  c u r v e d   t r a c k ,   and  a l s o  

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

as  a  r e s u l t   of   k i n k s   and  i r r e g u l a r i t i e s   in  s t r a i g h t   t r a c k .  



F i g u r e   9  shows   t h e   d r i v e   t r a i n   of  an  e m b o d i m e n t  

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

c a r r i e d   f rom  t h e   u n d e r f r a m e   a t   one  end  and  f rom  the   b o g i e  

f r a m e   a t   t h e   o t h e r   e n d ,   w i t h   a  g e a r b o x   3  and  t h e   f r a m e   o f  

a  m o t o r   1  r i g i d l y   c o n n e c t e d   by  b o l t s   211 .   T h i s   a r r a n g e m e n t  

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

b u t   r e t a i n s   t h e   p l u n g e   b e a r i n g   on  t h e   q u i l l   t u b e .   I t   a l s o  

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

( F i g u r e   3 ) .  



1.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   c o m p r i s i n g   a  t r a c t i o n  

m o t o r   a s s e m b l y   i n c l u d i n g   a t   l e a s t   one  t r a c t i o n   m o t o r   ( 1 ) ,   a n d  

a  d r i v e   t r a i n   c o u p l e d   b e t w e e n   t h e   b o g i e   w h e e l s e t s   ( 4 7 ,   2 1 )  

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

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

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

m o t o r   a s s e m b l y   b e i n g   m o u n t e d   so  as  to  have   l i m i t e d   f r e e d o m   o f  

m o v e m e n t   w i t h   r e s p e c t   to  t h e   b o g i e   ( 3 3 ) .  

2.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to   C l a i m  

1  w h e r e i n   e a c h   s a i d   t r a c t i o n   m o t o r   (1)   is   m o u n t e d   w i t h   i t s  

d r i v e   s h a f t   ( 36 )   s u b s t a n t i a l l y   p a r a l l e l   to  t he   a x l e s   ( 2 1 )  

of   s a i d   b o g i e   w h e e l s e t s .  

3.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

1  w h e r e i n   e a c h   s a i d   t r a c t i o n   m o t o r   (1)  is  m o u n t e d   w i t h   i t s  

d r i v e   s h a f t   ( 3 6 )   t r a n s v e r s e   to  s a i d   b o g i e   w h e e l s e t s   and  a  

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

w h e e l s e t s .  

4.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   t o  

C l a i m   2  or  3  w h e r e i n   s a i d   t r a c t i o n   m o t o r   a s s e m b l y   i s   m o u n t e d  

on  a  s w i v e l   m o u n t i n g   (2 ,   4)  w h i c h   i s   c o a x i a l   w i t h   t h e   s w i v e l  

m o u n t i n g   (38 )   of  t h e   b o g i e .  

5.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  a n y  

p r e c e d i n g   c l a i m   f u r t h e r   c o m p r i s i n g   a  l i n k a g e   (22 )   b e t w e e n  

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

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

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

6.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  a n y  

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

m o u n t e d   f rom  t h e   body   ( 4 5 )   of  t h e   l o c o m o t i v e   to  w h i c h   s a i d  

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

body  bu t   to  s w i v e l   w i t h   t h e   b o g i e .  



7.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

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

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

l o c o m o t i v e   b o d y .  

8.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   t o  

C l a i m   7  w h e r e i n   s a i d   s t a b i l i s e r   means   c o m p r i s e s   a  s p r i n g -  

l o a d e d   r o l l e r   ( 1 3 1 )   w h i c h   e n g a g e s   a  d e p r e s s i o n   or  p r o j e c t i o n  

in  a  member   ( 6 0 )   a t t a c h e d   to   s a i d   t r a c t i o n   m o t o r   a s s e m b l y   o r  

s a i d   l o c o m o t i v e   body  when  t h e   b o g i e   i s   a l i g n e d   w i t h   t he   b o d y ,  

b u t   r i d e s   o u t   of  s a i d   d e p r e s s i o n   or  o v e r   s a i d   p r o j e c t i o n   w h e n  

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

r e s p e c t   to  t h e   b o d y .  

9.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

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

d a m p e r s   ( 2 0 0 ,   2 0 1 ) .  

10.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  a n y  

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

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

11.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   t o  

C l a i m   10  w h e r e i n   s a i d   d r i v e   t r a i n   i s   s u p p o r t e d   f rom  s a i d  

b o g i e   by  a  l i n e a r   b e a r i n g ,   ( 8 ) .  

12.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

10  w h e r e i n   s a i d   d r i v e   t r a i n   i n c l u d e s   a  f l e x i b l e   t o r q u e  

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

on  i t s   p r i m a r y   s u s p e n s i o n .  

13.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   t o  

C l a i m   12  w h e r e i n   s a i d   f l e x i b l e   t o r q u e   c o u p l i n g   c o m p r i s e s   a  

f l o a t i n g   r i n g   e l e m e n t   ( 1 9 )   c o n n e c t e d   by  r e s p e c t i v e   p a i r s   o f  

p a r a l l e l   l i n k s   (18 ,   61)  to   a rms   on  t h e   d r i v i n g   and  the   d r i v e n  

s h a f t s   ( 17 ,   2 0 ) .  

14.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   t o  

C l a i m   12  or  13  w h e r e i n   s a i d   f l e x i b l e   t o r q u e   c o u p l i n g   i n c l u d e s  

l i n e a r   b e a r i n g s   ( 2 0 7 ,   218 )   to  a c c o m m o d a t e   l a t e r a l   m o v e m e n t   o f  

s a i d   d r i v e   t r a i n   w i t h   r e s p e c t   to   s a i d   w h e e l s e t .  



15.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  a n y  

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

l o c o m o t i v e   body  by  a  Wa t t   l i n k a g e   w h i c h   l o c a t e s   s a i d   b o g i e  

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

f r e e d o m   of  m o v e m e n t   w i t h   r e s p e c t   to  t h e   l o c o m o t i v e   b o d y .  

16.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

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

( 3 5 )   on  s a i d   b o g i e   and  s a i d   t r a c t i o n   m o t o r   a s s e m b l y ,   t h e  

c o n n e c t i o n   a t   s a i d   p i v o t   b e i n g   be low  t h e   l e v e l   o f  

t h e   b o g i e .  

17.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  C l a i m  

15  w h e r e i n   s a i d   W a t t   l i n k a g e   i s   in  t he   fo rm  of  a  b r i d g e  

member   (60)   w h i c h   i s   m o u n t e d   f rom  t he   l o c o m o t i v e   body  f o r  

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

i n c o r p o r a t i n g   a  p a i r   of   d o w n w a r d l y   e x t e n d i n g   l e g s ,   ( 6 1 )  

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

s u b s t a n t i a l l y   p a r a l l e l   p i v o t e d   l i n k s   ( 6 4 )   to  t he   b o g i e   f r a m e .  

18.  A  p o w e r e d   r a i l w a y   b o g i e   a r r a n g e m e n t   a c c o r d i n g   to  a n y  

p r e c e d i n g   c l a i m   c o m p r i s i n g   a  g e a r b o x   (3)   r i g i d l y   f i x e d   t o  

t h e   f r a m e   of  s a i d   t r a c t i o n   m o t o r   ( 1 ) .  
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