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(S4)  Variable  characteristic  transverse  suspension  for  railway  vehicles. 

A  railway  vehicle  has  a  body  (10),  bogies  (20)  articulated 
to  the  body  (10)  and  vertical  and  transverse  suspension 
means  between  the  bogies  (20)  and  the  body,  the  transverse 
suspension  means  including  pneumatic  or  hydro-pneumatic 
springs  (24)  located  substantially  horizontally  and  reacting 
between  the  body  and  the  opposite  sides  of  each  bogie. 

The  fluid  pressure  supply  to  the  springs  (24)  and  hence 
the  forces  exerted  thereby  are  adjusted  automatically  so  as  to 
contain  transverse  movements  of  the  body  (10)  relative  to  the 
bogies  (20)  within  predetermined  limits  while  maintaining  the 
flexibility  of  the  connection  practically  invariant. 





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  a  t r a n s v e r s e  

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

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

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

p i v o t e d   c r o s s   member  and  in  wh ich   r e s i l i e n t   v e r t i c a l  

and  t r a n s v e r s e   s u s p e n s i o n   means  a r e   i n t e r p o s e d   b e t w e e n  

each  b o g i e   and  the  body  or  p i v o t e d   c r o s s   m e m b e r .  

The  f u n c t i o n   of  the  t r a n s v e r s e   s u s p e n s i o n   means  is  t o  

s e p a r a t e   the   t r a n s v e r s e   m o v e m e n t s ,   due  to  v i b r a t i o n a l  

e f f e c t s ,   of  the   body  from  t h o s e   of  the   b o g i e s .   T h e  

o b j e c t s   wh ich   a r e   a c h i e v e d   by  t h i s   a re   t w o - f o l d :  

f i r s t   of  a l l   a  r e d u c t i o n   in  the   r e a c t i o n s   which   t h e  

k e e p i n g   of  the   v e h i c l e   on  the  t r a c k   c a u s e s   b e t w e e n  

the  w h e e l s   and  the  r a i l s ,   and  in  the  s e c o n d   p l a c e   a n  

i m p r o v e m e n t   in  the   dynamic   b e h a v i o u r   of  the  b o d y ,  

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

the  v e h i c l e .  

The  c o n f o r m a t i o n   of  the  t r a n s v e r s e   s u s p e n s i o n   m e a n s  

a c c o r d i n g   to  the  known  a r t   is   e s s e n t i a l l y   of  two  t y p e s .  

The  f i r s t ,   w i d e l y   used  u n t i l   r e c e n t   t i m e s ,   is   b a s e d  

on  the   p e n d u l o u s   s u s p e n s i o n   of  t he   body  on  the   b o g i e  

by  means   of  v e r t i c a l   or  i n c l i n e d   c o n n e c t i n g   r o d s   a n d  

h e n c e   u s e s   the   f o r c e   of  g r a v i t y .   The  s e c o n d ,   m a i n l y  

used  in  r a i l w a y   v e h i c l e s   of  more  r e c e n t   m a n u f a c t u r e ,  

u s e s   the   t r a n s v e r s e   r e s i l i e n c e   of  v e r t i c a l   s u s p e n s i o n  

means  n o r m a l l y   c o n s t i t u t e d   by  h e l i c a l   s p r i n g s   or  p n e u m a t i c  

s p r i n g s .  

These   s y s t e m s   come  up  a g a i n s t   the   c o n s i d e r a b l e   d i f f i c u l t y  

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

at  the   same  t ime   c o n t a i n i n g   the   movement   of  the   b o d y  

due  to  the  need  to  keep  i t   w i t h i n   the  maximum  p e r m i t t e d  

r a n g e   of  m o v e m e n t .   This   n e c e s s i t a t e s   the  p r o v i s i o n   o f  

r e s i l i e n c e   c h a r a c t e r i s t i c s   fo r   the   t r a n s v e r s e   c o n n e c t i o n  

b e t w e e n   the   body  and  the  b o g i e   of  a  p r o g r e s s i v e   type,  that  i s ,  



a  r e s i l i e n c e   which   d e c r e a s e s   as  the  p o s i t i o n   o f  

the   body  r e l a t i v e   to  the  b o g i e   g e t s   f u r t h e r   f r o m  

the  l o n g i t u d i n a l   a x i s   t h e r e o f .  

T h i s   r e s u l t s   in  the  d i s a d v a n t a g e   t h a t   the  c a p a c i t y  

fo r   d a m p i n g   the  t r a n s v e r s e   f o r c e s   is  c o n s i d e r a b l y  

r e d u c e d   d u r i n g   t r a v e l   of  the   v e h i c l e   a r o u n d   a  c u r v e  

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

The  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is   to  a v o i d   t h i s  

d i s a d v a n t a g e   by  e n t r u s t i n g   the   c o n t a i n i n g   a n d  

t r a n s m i s s i o n   of  t r a n s v e r s e   f o r c e s   b e t w e e n   the  b o d y  

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

c h a r a c t e r i s t i c   of  which   can  be  d i s p l a c e d   s u b s t a n t i a l l y  

p a r a l l e l   to  i t s e l f   in  r e s p o n s e   to  an  e x t e r n a l   c o m m a n d ,  

the  c h a r a c t e r i s t i c   f r e q u e n c y   of  the  c o n n e c t i o n   b e t w e e n  

the  body  and  the   b o g i e   t h u s   b e i n g   k e p t   c o n s t a n t .  

In  o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   the   p r e s e n t   i n v e n t i o n  

p r o v i d e s   a  s u s p e n s i o n   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   at   the   b e g i n n i n g ,   c h a r a c t e r i s e d   in  t h a t  

the  t r a n s v e r s e   s u s p e n s i o n   means   i n c l u d e   at  l eas t   one 

pair   of  p n e u m a t i c   or  h y d r o - p n e u m a t i c   s p r i n g s   w h i c h  

a r e   s e p a r a t e   and  d i s t i n c t   from  the   v e r t i c a l   s u s p e n s i o n  

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

r e a c t i n g   b e t w e e n   the   body  or  the   p i v o t e d   c r o s s   m e m b e r  

and  the   o p p o s i t e   s i d e s   of  the   b o g i e ,   and  a u t o m a t i c  

c o n t r o l   means   f o r   p r o g r e s s i v e l y   i n c r e a s i n g   the  f o r c e s  

t r a n s m i t t e d   by  the  or  e a c h   s p r i n g   wh ich   is  c o m p r e s s e d  

by  the   a c t i o n   of  the  t r a n s v e r s e   f o r c e s   t r a n s m i t t e d  

b e t w e e n   the   body  or  the   p i v o t e d   c r o s s   member  a n d  

the  b o g i e ,   on  i n c r e a s e   of  t h e s e   f o r c e s ,   by  m e a n s  

of  an  i n c r e a s e   in  the  p r e s s u r e   of  the   f l u i d   c o n t a i n e d  

in  t'he  s p r i n g .  

By  v i r t u e   of  the   i n v e n t i o n ,   d u r i n g   t r a v e l   of  t h e  

r a i l w a y   v e h i c l e   in  a  s t r a i g h t   l i n e   or  in  c u r v e s   i n  

c o n d i t i o n s   in  which   t h e r e   is  c o m p l e t e   c o m p e n s a t i o n  

fo r   t r a n s v e r s e   a c c e l e r a t i o n s ,   the   two  s p r i n g s   of  t h e  

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



and ,   by  w o r k i n g   in  c o u n t e r - p a r a l l e l ,   g i v e   r i s e   t o  

a  f o r c e - d i a p l a c e m e n t   c h a r a c t e r i s t i c   which   has  i t s  

z e r o   p o i n t   in  the  m i d d l e   of  the   v e h i c l e .  

When  however   the  t r a v e l   of  the   v e h i c l e   a r o u n d   c u r v e s  

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

t han   z e r o   a p p l i e d   to  the  body  as  a  r e s u l t   of  o v e r -   o r  
u n d e r -   c o m p e n s a t i o n   fo r   t he   t r a n s v e r s e   a c c e l e r a t i o n ,  

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

wh ich   the   body  t e n d s   to  move  i s   m o d i f i e d   by  the   a u t o m a t i c  

c o n t r o l   means  so  as  to  move  t h e   o r i g i n   ( z e r o   p o i n t )  

in  t he   o p p o s i t e   d i r e c t i o n   f rom  t h e   t r a n s l a t i o n   of  t h e  

body .   T h i s   g i v e s   r i s e   to  t he   a p p l i c a t i o n   to  t he   b o d y  

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

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

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

g e n e r a t e d   by  the  a l m o s t   s t a t i c   t r a n s v e r s e   a c c e l e r a t i o n .  

C o n s e q u e n t l y :  

1.  The  c h a r a c t e r i s t i c   f r e q u e n c i e s   of  the   t r a n s v e r s e  

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

s t r a i g h t   l i n e   of  movement   c o n d i t i o n s ;  

2.  The  c a p a c i t y   to  a b s o r b   d e f o r m a t i o n   e n e r g y   due  t o  

i r r e g u l a r i t i e s   is  i n c r e a s e d .  

The  a u t o m a t i c   c o n t r o l   means   to   a d v a n t a g e   c o m p r i s e   a  
c i r c u i t   i n c l u d i n g   v a l v e   means   c o n t r o l l e d   by  the  t r a n s v e r s 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   body   or  t he   p i v o t e d  

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

of  p a r t   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  s u s p e n s i o n  

a c c o r d i n g   to  the  i n v e n t i o n ,   a n d  

F i g u r e  ?   is   a  s c h e m a t i c   v i e w   of  a u t o m a t i c   c o n t r o l  

means  f o r   the  s u s p e n s i o n .  



R e f e r r i n g   i n i t i a l l y   to  F i g u r e   1,  the  c h a s s i s   of  t h e  

body  of  a  r a i l w a y   v e h i c l e   is  g e n e r a l l y   i n d i c a t e d   10  

and  be low  the  m i d d l e   p a r t   t h e r e o f   i s   f i x e d   a  k i n g -  

p in   12  i n s e r t e d   in  an  o r i e n t a b l e   bush  14  c a r r i e d   by  

a  p i v o t e d   c r o s s   member  16  on  w h i c h   the   c h a s s i s   10  o f  

t he   body  b e a r s   by  means   of  s h o e s   or  b e a r i n g   r o l l e r s   1 8 .  

The  c h a s s i s   of  one  of  the  b o g i e s   of  the   v e h i c l e   i s  

g e n e r a l l y   i n d i c a t e d   20  and  i s   c o n n e c t e d   in  known  m a n n e r  

to  t he   p i v o t   c r o s s   member  1 6 .  

B e t w e e n   t he   c h a s s i s   20  of  the   b o g i e   and  the   p i v o t e d   c r o s s  

member  16  t h e r e   is   i n t e r p o s e d   a  s e c o n d a r y   s u s p e n s i o n   s y s t e m  

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

22  w i t h   wh ich   r e s p e c t i v e   t e l e s c o p i c   s h o c k   a b s o r b e r s  

23  a r e   a s s o c i a t e d , a n d   a  p a i r   of  t r a n s v e r s e   s u s p e n s i o n  

s p r i n g s   2 4 .  

A c c o r d i n g   to  t he   i n v e n t i o n ,   t he   two  s p r i n g s   24  a r e   of  t h e  

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

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

v a r i a b l e   in  d e p e n d e n c e   on  the   p r e s s u r e   of  t he   f l u i d  

w i t h i n   t h e m .  

In  t h e   e x a m p l e   i l l u s t r a t e d ,   e ach   s p r i n g   24  i s   c o n s t i t u t e d  

by  an  a i r - t i g h t   f l e x i b l e   c a s i n g   26  h a v i n g   end  c o v e r s  

28,  30  t he   f i r s t   of   w h i c h   i s   r i g i d l y   f i x e d   a t   32  t o  

t h e   c h a s s i s   2 0 .  

The  covers  30  of  t h e   two  s p r i n g s   24  b e a r   a g a i n s t   a  c e n t r a l  

a p p e n d a g e   34  of  t he   p i v o t e d   c r o s s   member  16  and  a re   e a c h  

s u p p o r t e d   by  two  c o n n e c t i n g   r o d s ,   o n l y   one  of  w h i c h ,  

i n d i c a t e d   3 6 , i s   shown  in  F i g u r e   1,  d i s p o s e d   at  90°  t o  

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

a x e s   of  t h e   s p r i n g s   24  t h e m s e l v e s .  

The  c a s i n g s   26  of   the   two  s p r i n g s   24  a r e   e a c h   c o n n e c t e d  

to  a  r e s p e c t i v e   a u x i l i a r y   c o m p r e s s e d   a i r   r e s e r v o i r  



38  by  p ipe r   40  in  o r d e r   to  a l l o w   the   r e g u l a t i o n   of  the 

f o r c e - d i s p l a c e m e n t   and  s h o c k - a b s o r b i  no  c c h a r a c t e r i s t i e s .  

The  c a s i n g s   26  a re   a l s o   c c o n n e c t e g   by  r e s p e c t i v e   p i p r .  
42  to  c o n t r o l   c r i c u i t   g e n e r a l l y   i n d r c a t e  

44  i n  t i g u r e   2 .  

The  c i r c u i t   44  i n c l u d e s   a  p a i r   of  t h r e e - w a y   s e l e c t o r  

v a l v e s   46  each   of  wh ich   i s   c o n n e c t e d   bl  one  s i d e   t o  

t h e   p i p e   42  of  one  of  the   s p r i n g s   24  and  on  the  o t h e r  

s i d e   to  a  r e s p e c t i v e   s u p p l y   d u c t   48  and  to  an  e x h a u s t  

d u c t   5 0 .  

The  s u p p l y   d u c t s   48  a r e   in  t h e i r   t u r n   c o n n e c t e d   to  t h e  

main   p n e u m a t i c   d u c t   52  of  the   v e h i c l e   t h r o u g h   a  c o c k  

54,  a  s u p p l y   v a l v e   56  and  a  p r e s s u r e   r e d u c e r   58  a n d  

to  a  c o m p r e s s e d   a i r   s u p p l y   r e s e r v o i r   6 0 .  

The  e x h a u s t   d u c t   50  i s   c o n n e c t e d   to  the  a t m o s p h e r e  

t h r o u g h   a  c a l i b r a t e d   r e l i e f   valve  62.  

The  two  v a l v e s   46  a r e   o p e r a t e d   by  means   of  two  l i n k a g e   l e v e r s  

g e n e r a l l y   i n d i c a t e d   64  and  a r e   m o v a b l e   s i m u l t a n e o u s l y  

f rom  a  c e n t r a l   p o s i t i o n   in  w h i c h   the   two  s p r i n g s  

24  a r e   bo th   in  c o m m u n i c a t i o n   w i t h   t he   e x h a u s t   d u c t   5 0 .  

when  t he   two  l i n k a g e s   64  a r e   d i s p l a c e d   t o w a r d s   the  r i g h t  

r e l a t i v e   to  F i g u r e   2,  the   v a l v e   46  a s s o c i a t e d   w i t h   t h e  

l e f t   hand  s p r i n g   24  k e e p s   c o m m u n i c a t i o n   b e t w e e n   t h i s  

s p r i n g   and  the  e x h a u s t   duc t   50  open  w h i l e  

t h e   v a l v e   46  a s s o c i a t e d   w i t h   the  r i g h t   hand  s p r i n g   24  

i s   d i s p o s e d   i n i t i a l l y   in  a  f i r s t   p o s i t i o n   in  which   t h e  

r i g h t   hand  s p r i n g   24  i s   i s o l a t e d   b o t h   f rom  the   s u p p l y  
d u c t   48  and  from  the  e x h a u s t   duct  50  and  s u b s e q u e n t l y   in  a 
s e c o n d   p o s i t i o n   in  wh ich   c o m m u n i c a t i o n   b e t w e e n   t h i s   s p r i n g  

and  t he   s u p p l y   d u c t   48  i s   open  w h i l e   c o m m u n i c a t i o n   w i t h  
t he   e x h a u s t   d u c t   50  is   c l o s e d .  



Upon  movement   of  the   l e v e r s   64  in  t he   o p p o s i t e   s e n s e ,  
t h a t   i s   t o w a r d s   the   l e f t   w i t h   r e s p e c t   to  F i g u r e   2 ,  

the   c o n d i t i o n s   d e s c r i b e d   a b o v e   a r e   i n v e r t e d .  

The  o p e r a t i o n   of  the   v a l v e   46  i s   e f f e c t e d   a u t o m a t i c a l l y  

f o r   e x a m p l e   by  means   of  a  t r a n s m i s s i o n   66  c o n n e c t e d  

to  a  c o n t r o l   member  68  f i x e d   to  t he   a p p e n d a g e   34  o f  

the   p i v o t e d   c r o s s   member  1 6 .  

The  o p e r a t i o n   of  the   t r a n s v e r s e   s u s p e n s i o n   d e s c r i b e d  

a b o v e   i s   as  f o l l o w s .  

D u r i n g   movement   of  the   v e h i c l e   in  a  s t r a i g h t   l i n e   o r  

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

f o r   t r a n s v e r s e   a c c e l e r a t i o n s ,   t he   two  l e v e r s   64  

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

two  s p r i n g s   24  a r e   s u p p l i e d   at  a  g i v e n   c o n s t a n t   p r e s s u r e  

( f o r   e x a m p l e ,   2  k g / c m 2 )   and  t h u s   have   i d e n t i c a l  

c h a r a c t e r i s t i c s ,   w o r k i n g   in  c o u n t e r - p a r a l l e l .   T h e  

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

of  the   two  s p r i n g s   24  and  t he   s p r i n g s   2 2 .  

W h e n , h o w e v e r ,   m o v e m e n t   a r o u n d   a  c u r v e   g e n e r a t e s   an  a l m o s t  

s t a t i c   t r a n s v e r s e   f o r c e   due  to  o v e r -   or  u n d e r -   c o m p e n s a t i o n  

f o r   t r a n s v e r s e   a c c e l e r a t i o n s   (as   a  r e s u l t   o f ,   for   e x a m p l e ,  

t h e   o u t e r   r a i l   of  t he   t r a c k   h a v i n g   t oo   h i g h   an  e l e v a t i o n ) ,  

one  of  t he   two  s p r i n g s   24  ( t h a t   i s , t h e   c o m p r e s s e d   s p r i n g )  

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

of  c o m p l e t e   i s o l a t i o n   f rom  the   s u p p l y   d u c t   48  and  e x h a u s t  

d u c t   50,  to  the   s u p p l y   d u c t   48.  The  o t h e r   s p r i n g   24  

r e m a i n s   c o n n e c t e d   to  the  e x h a u s t   d u c t   5 0 .  

The  s u p p l y   of  compressed  a i r   ( through  the  duct  48,  the  valve  46  and  t h e  

d u c t   42)  to  the   s p r i n g   24  w h i c h   is   c o m p r e s s e d ,   m o d i f i e s  

i t s   c h a r a c t e r i s t i c s ,   i n c r e a s i n g   the   f o r c e   w h i c h   i t  

e x e r t s   and  c a u s i n g   the   r e t u r n   of  the   v e h i c l e   body  a n d  

h e n c e   of  the   v a l v e   40  i n t o   the   p o s i t i o n   in  w h i c h   t h i s  

s p r i n g   24  is  i s o l a t e d   from  the  e x h a u s t   d u c t   50  a n d  



trom  t h e  s u p l l y   d u c t   42  w h i l e   the  o p p o s i t e   s p r i n g   24 

r e m a i n s   c o n n e c t e d   to  t h e  e x h a u s t   d u c t   5 0 .  

in  t h i s   s i t u a t i o n   t h e r e   is  e g u i l i b r i u m   b e t w e e n   t h e  

t r a n s v e r s e  i n e r t i a l   f o r c e s   to  which   the  body  is  s u b j e c t  

and  the   f o r c e s   e x e r t e d   by  the  s p r i n g s   24  of  t h e  

t r a n s v e r s e   s u s p e n s i o n .  

On  c e s s a t i o n   of  t he   t r a n s v e r s e   i n e r t i a l   f o r c e s ,   t h e  

s p r i n g   24  w h i c h   o p p o s e s   them  t h r u s t s   the   body  t o w a r d s  

t h e   c e n t r e ,   w h e r e   the   two  s p r i n g s   24  a r e   bo th   c o n n e c t e d  

to  t h e  e x h a u s t   d u c t   50  w h e r e b y   i t   r e t u r n s   to  t h e  

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

Thus  the   c h a r a c t e r i s t i c   f r e q u e n e l e s   of  the   t r a n s v e r s e  

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

p r a c t i c a l l y   the   same,   d u r i n g   movement   a r o u n d   a  c u r v e ,  

as  t h o s e   d u r i n g   movement   in  a  s t r a i g h t   l i n e ,   the  d y n a m i c  

b e h a v i o u r   of  t he   body  t h u s   r e m a i n i n g   u n c h a n g e d .  

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

t h e   c a s e   in  w h i c h   the   c o n n e c t i o n   b e t w e e n   the   body  10  

and  t h e   b o g i e   d o e s   no t   i n c l u d e   the   use  of  a  p i v o t e d  

c r o s s   member  16,  t h a t   i s ,   both   t he   c a s e   in  wh ich   t h e  

body  10  i s   p e n d u l o u s l y   s u s p e n d e d   from  t he   c h a s s i s   20  

of  t he   b o g i e   and  the   c a s e   in  wh ich   t he   s p r i n g s   22 

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

w i t h o u t   t he   p i v o t e d   c r o s s   m e m b e r .  

N a t u r a l l y ,   t he   p r i n c i p l e   of  the   i n v e n t i o n   r e m a i n i n g  

the   same,  c o n s t r u c t i o n a l   d e t a i l s   and  e m b o d i m e n t s  

may  be  v a r i e d   w i d e l y   w i t h   r e s p e c t   to  t h a t   d e s c r i b e d   a n d  

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

of  t he   p r e s e n t   i n v e n t i o n .  



Thus,  the  conformat ion   and  the  number  of  the  pneum t ic   spr ings   20 

could  d i f f e r   from  those  of  the  example.  Moreover  the  pneumat ic  

sp r ings   24  could  c o n v e n i e n t l y   be  replaced  by  hydro-pneumat ic   s p r -  

ngs  and  the  ope ra t i on   of  the  valves  46  could  be  e f f ec ted   by  v a r i -  

ous  dev ices   arranged  to  achieve  the  cond i t ions   descr ibed   above .  



1.  b u s p e n s i o n   f o r   r a i l w a y   v e h i c l e s   i n c l u d i n g   a  b o d y  

and  b o g i e s   (20)  a r t i c u l a t e d   to  the  body  about   s u b s t a n t i a l l y  

v e r t i c a l   a x e s ,   p o s s i b l y   wi th   the   i n t e r p o s i t i o n   of  a  p i v o t e d  

c r o s s   member  (16), in  which  v e r t i c a l   (22,23)  and  t r a n s v e r s e   (24) 

s u s p e n s i o n   means   a r e   i n t e r p o s e d   b e t w e e n   each   b o g i e   a n d  

t h e   body  or  p i v o t e d   c r o s s   member ,   c h a r a c t e r i s e d   i n  

t h a t   the   t r a n s v e r s e   s u s p e n s i o n   means  i n c l u d e   at  l e a s t  o n e  

p a i r   of  p n e u m a t i c   or  h y d r o - p n e u m a t i c   s p r i n g s   ( 2 4 ) ,   wh ich   a r e  

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

means   ( 2 2 ) ,   d i s p o s e d   s u b s t a n t i a l l y   h o r i z o n t a l l y   a n d  

r e a c t i n g   b e t w e e n   the   body  (10)   or  the   p i v o t e d   c r o s s  

member  (16)   and  t h e   o p p o s i t e   s i d e s   of  the  b o g i e   ( 2 0 ) ,  

and  a u t o m a t i c   c o n t r o l   means  ( 4 4 , 6 6 ,   68)  f o r   p r o g r e s s i v e l y  

i n c r e a s i n g   the   f o r c e s   t r a n s m i t t e d   by  t he   s p r i n g   ( 2 4 )  

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

f o r c e s   t r a n s m i t t e d   b e t w e e n   the   body  (10)   or  the   p i v o t e d  

c r o s s   member  (16)   and  the   b o g i e   ( 2 0 ) , u p o n   i n c r e a s e   of  t h e s e  

f o r c e s ,   by  means  of  an  i n c r e a s e   in  the   p r e s s u r e   of  t h e  

f l u i d   c o n t a i n e d   in  t he   s p r i n g   ( 2 4 ) .  

2.  S u s p e n s i o n   a c c o r d i n g   to  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   the   s p r i n g s   (24)   a re   f i x e d   at   one  end  to  t h e  

b o g i e   or  to  t he   body  and  at  t h e   o p p o s i t e   ends   a r e  

k e p t   in  a  h o r i z o n t a l   p o s i t i o n   by  c o n n e c t i n g   r o d s   ( 3 6 )  

or  e q u i v a l e n t   g u i d e   s y s t e m s   so  as  to  t r a n s m i t   o n l y  

h o r i z o n t a l   f o r c e s .  

3.  S u s p e n s i o n   a c c o r d i n g   to  C la im   1  or  C la im  2 ,  

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

s p r i n g s   (24)   and  in  t h a t   the   a u t o m a t i c   c o n t r o l   m e a n s  

c o m p r i s e   a  c o n t r o l   c i r c u i t   (44)   i n c l u d i n g   a  p r e s s u r i s e d  
f l u i d   s o u r c e   ( 5 6 ) ,   c o n t r o l l e d   e x h a u s t   means   (50,  6 2 )  

n o r m a l l y   c o n n e c t e d   to  the  two  s p r i n g s   ( 2 4 ) ,   v a l v e   m e a n s  

(46 )   a r r a n g e d   to  c o n t r o l   the   c o m m u n i c a t i o n   b e t w e e n  

e a c h   of  the  two  s p r i n g s   (24)   a n d , r e s p e c t i v e l y ,   the  s o u r c e  

(52)   a n d  t h e   e x h a u s t   means  (50,   62) ,   and  a c t u a t o r  



means  (64)   o p e r a t e d   by  t r a n s v e r s e   r e l a t i v e   d i s p l a c e m e n t s  

b e t w e e n   the  b o d y  ( 1 0 )   or  the  p i v o t e d   c r o s s   member  (16)) 

and  the  b o g i e   (20  to  c o n t r o l   t he   v a l v e   means  ( 4 6 )  

a u t o m a t i c a l l y   so  as  to  c l o s e   c o m m u n i c a t i o n   b e t w e e n  

the  s p r i n g   (24)   s u b j e c t   to  c o m p r e s s i o n   and  the   e x h a u s t  

means  (50)   in  a  f i r s t   p h a s e   and  to  open   c o m m u n i c a t i o n  

b e t w e e n   t h i s   s p r i n g   and  the  p r e s s u r i s e d   s o u r c e   ( 5 2 )  

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

s p r i n g   (24)   and  the  e x h a u s t   means   (50 ,   62)  b e i n g  

m a i n t a i n e d   in  bo th   t h e s e   open  p h a s e s .  

4.  S u s p e n s i o n   s u b s t a n t i a l l y   as  d e s c r i b e d   a n d  

i l l u s t r a t e d   and  for   the   p u r p o s e s   s p e c i f i e d .  
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