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 T h e   object  of the  invention  is  a  device  for  protecting  track 
relays  (9),  controlled  by two  voltages  V,  and  VL  having  a  phase 
difference  of  90°,  utilized  in  so-called  "single-track"  track  cir- 
cuits. 

According  to  the  invention,  the  supply  voltage  VC  applied 
to  the  track  circuit  and  the  local  voltage  VL  applied  to  the  track 
relay  (9)  are  supplied  through  polarity  change  switches  CC 
and  CL. 



The  o b j e c t   of  t h i s   i n v e n t i o n   c o n s i s t s   of  a  d e v i c e   f o r  

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

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

e l e c t r o n i c   t r a c k   r e l a y s .  

The  d i s t u r b a n c e s   w h i c h   t h e   c l a i m e d   d e v i c e   is   a b l e   t o  

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

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

r e l a y s .  

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

g i v e n   h e r e b e l o w   r e f e r e n c e   i s   made  to   a  t r a c k   c i r c u i t   o f  

t h e   s o - c a l l e d   " s i n g l e - t r a c k "   t y p e ,   t h e   i n v e n t i o n   m a y  

e q u a l l y   be  a p p l i e d   to  o t h e r   t y p e s   of  t r a c k   c i r c u i t s ,  

w h e t h e r   on  l i n e s   or  in   s t a t i o n s ,   w i t h   one  or  t w o  

t r a c k s ,   and  of  any  l e n g t h .  

I t   i s   w e l l - k n o w n   t h a t   f o r   r a i l w a y   s i g n a l l i n g ,   t r a c k s  

a r e   d i v i d e d   up  i n t o   s e c t i o n s ,   e a c h   of  w h i c h   i s   i n s e r t e d  

in  a  c o r r e s p o n d i n g   e l e c t r i c a l   c i r c u i t ,   known  as  a  t r a c k  

c i r c u i t .  

In  g e n e r a l ,   t h e s e   t r a c k   c i r c u i t s   have   a  c o d e d   s i g n a l  

e m i t t e r ,   u s u a l l y   l o c a t e d   a t   one  end  of  e a c h   of  t h e  

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

s i g n a l ,   u s u a l l y   l o c a t e d   a t   t h e   o t h e r   end  of  t h e   r a i l -  



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

I f   no  r o l l i n g   s t o c k   i s   p r e s e n t   on  t h e   r a i l r o a d   s e c t i o n  

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

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

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

I f ,   on  t h e   o t h e r   h a n d ,   t h e r e   i s   r o l l i n g   s t o c k   on  t h e  

s e c t i o n ,   t h e   a x l e s   of   t h e   l o c o m o t i v e   or  of  t h e   w a g o n s  

p u l l e d   by  i t   s h o r t - c i r c u i t   t h e   t r a c k   c i r c u i t ,   and  t h e  

r e c e i v e r   no  l o n g e r   r e c e i v e s   t h e   s i g n a l   f r o m   t h e  

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

o n e   r e c e i v e d   when  t h e   r a i l r o a d   s e c t i o n   i s   c l e a r .  

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

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

T h i s ,   i n   p r i n c i p l e ,   i s   how  t r a c k   c i r c u i t s   o p e r a t e .  

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

c i r c u l a t e s   in   t h e   t r a c k s ,   and   s o m e t i m e s   t h i s   c u r r e n t  

c a n   p r o v i d e   h a r m o n i c s   w h i c h   may  h a v e   w a v e f o r m s ,  

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

c u r r e n t   i n t r o d u c e d   i n t o   t h e   t r a c k   c i r c u i t   by  t h e  

e m i t t e r . . I t   may  h a p p e n ,   a l t h o u g h   t h i s   i s   n o t   v e r y  

l i k e l y ,   t h a t   t h e   r e c e i v e r   i n t e r p r e t s   as   a  " l i n e   f r e e "  

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

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

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

r e q u i r e d   of  a  r a i l w a y   s i g n a l l i n g   s y s t e m .  



rhe   a im  of  t h e   i n v e n t i o n   i s   t h a t   of  o v e r c o m i n g   t h i s  

p r o b l e m .  

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

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

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

t e r v a l   of  t i m e   is   e x p l o i t e d .  

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

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

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

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

of  t i m e .  

In   t h i s   way  i t   i s   p o s s i b l e ,   by  m a k i n g   a  r e l a t i v e l y  

s i m p l e   a l t e r a t i o n   in  t h e   t r a c k   c i r c u i t ,   to  r e c o g n i z e   a  

d i s t u r b i n g   c u r r e n t   w h i c h   h a s   a  f r e q u e n c y ,   f o r m   and  b a s e  

s i m i l a r   to  t h e   c u r r e n t   g e n e r a t e d   by  t h e   e m i t t e r .  

The  c h a r a c t e r i s t i c s   of  t h e   i n v e n t i o n   a r e   s u m m a r i z e d   a n d  

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

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

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

of  e x a m p l e   o n l y ,   w i t h   p a r t i c u l a r   r e f e r e n c e   to  t h e   a t -  

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

-  f i g u r e   1  shows   a  s i n g l e - t r a c k   t y p e   c i r c u i t   of  t h e  

t r a d i t i o n a l   t y p e ,   t h a t   i s   to   s a y   n o t   f i t t e d   w i t h   t h e  

c l a i m e d   d e v i c e ;  

-  f i g u r e   2  r e f e r s   to  t h e   same  known  t y p e   of  c i r c u i t   a l -  



r e a d y   i l l u s t r a t e d   in   f i g u r e   1,  and  in  w h i c h   i t   i s  

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

t r a c k   c i r c u i t ;  

-  f i g u r e   3  s h o w s   a  t r a c k   c i r c u i t   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   f i t t e d   w i t h   t h e   c l a i m e d   c o n t r o l   d e v i c e ,  

and   in  t h e   same   s i t u a t i o n   i l l u s t r a t e d   in  f i g u r e   2 ;  

-  f i g u r e   4  i s   a  t i m e   d i a g r a m   of  t h e   c u r r e n t s   f o r   a  

t r a d i t i o n a l   t y p e   of  t r a c k   c i r c u i t ;  

-  f i g u r e   5  i s   s i m i l a r   to   f i g u r e   4,  b u t   r e f e r s   to  t h e  

c u r r e n t s   w h i c h   c i r c u l a t e   in   t h e   t r a c k   c i r c u i t   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   6  i s   s i m i l a r   to   f i g u r e   5,  b u t   r e f e r s   to  t h e  

c a s e   of  t r a c t i o n   c u r r e n t   c o n t a i n i n g   a  d i s t u r b i n g   s i g -  

na1  s i m i l a r   t o   t h e   s i g n a l   e m i t t e d   by  t h e   a b o v e m e n -  

t i o n e d   e m i t t e r ;  

-  f i g u r e   7  i s   a  b a s i c   s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e  

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

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

As  m e n t i o n e d   a b o v e ,   f i g u r e   1  i l l u s t r a t e s   a  t r a d i t i o n a l  

t r a c k   c i r c u i t  :   in   t h i s   f i g u r e   1  s t a n d s   f o r   i n s u l a t i n g  

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

of  r a i l   of  e a c h   s i n g l e   l e n g t h .   2  i n d i c a t e s   t h e   s o -  

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

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

o f   t h e   v a r i o u s   l e n g t h s   of   r a i l .   In   t h e   f i g u r e   t h e   i n s u -  



l a t e d   p a r t s ,   3,  a r e   shown  w i t h   t h i c k   l i n e s ,   w h i l e   t h e  

n o n - i n s u l a t e d   p a r t s ,   4,  a r e   shown  w i t h   t h i n   l i n e s .  

The  i n s u l a t i o n   of  t h e   r a i l   m a k e s   i t   p o s s i b l e   to  i m p l e -  

ment   t h e   t r a c k   c i r c u i t ;   in   e f f e c t   by  a p p l y i n g   a  v o l t a g e  

b e t w e e n   t h e   i n s u l a t e d   r a i l   3  and  t h e   g r o u n d - r a i l   4,  i t  

i s   p o s s i b l e   to  k e e p   a  t r a c k   r e l a y   9  e n e r g i z e d ,   as  l o n g  

as  no  a x l e   of  r o l l i n g   s t o c k   p h y s i c a l l y   e n t e r s   t h e   a m b i t  

of  t h e   t r a c k   c i r c u i t ;   when  t h i s   h a p p e n s ,   t h e   t r a c k  

r e l a y   i s   d e - e n e r g i z e d   as  t h e   a x l e   of  t h e   r o l l i n g   s t o c k  

s h o r t - c i r c u i t s   t h e   s u p p l y   v o l t a g e   of  t h e   t r a c k   r e l a y   9 ;  

in  t h i s   way  t h e   i n f o r m a t i o n   t h a t   t h e   t r a c k   c i r c u i t   i s  

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

( t r a c k   c i r c u i t   n o t   c l e a r ) .  

The  g r o u n d - r a i l s   4,  t o g e t h e r   w i t h   t h e   Z  c o n n e c t i o n s ,   2 ,  

a l l o w   r e t u r n   of  t h e   t r a c t i o n   c u r r e n t   to  t h e   e l e c t r i c a l  

s u b s t a t i o n s .  

T h u s ,   in  t h i s   t y p e   of  c i r c u i t ,   t he   t r a c t i o n   c u r r e n t  

r u n s   a l t e r n a t i v e l y   a l o n g   one  or  t h e   o t h e r   of  t h e   p a i r  

of  r a i l s .  

RR  and  RA  i n d i c a t e   t h e   a d j u s t m e n t   and  s e t t i n g  

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

s u p p l y   and  r e c e i v i n g   v o l t a g e s   of  t h e   t r a c k   c i r c u i t ,   V c  

and  V z .  

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

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



of  t h e   t r a c k   c i r c u i t   f r o m   t h e   cab   e l e c t r i c   c i r c u i t s ;  

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

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

t e r i s t i c s   of  t h e   d i f f e r e n t   t r a c k   c i r c u i t s .  

The  t r a c k   r e l a y   i s   i n d i c a t e d   by  9  and  t h e   i n f o r m a t i o n  

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

-  r e l a y   e n e r g i z e d  :   t h e   t r a c k   r e l a y   i s   c l e a r ,   t h a t   i s  

to  s a y   no  r o l l i n g   s t o c k   i s   p r o v i d e d   on  t h e   l e n g t h   o f  

t r a c k   in   q u e s t i o n ;  

-  r e l a y   d e - e n e r g i z e d  :   r o l l i n g   s t o c k   i s   p r e s e n t   on  t h e  

t r a c k   r e l a y .  

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

t r a c k   r e l a y   9  i s   n o t   l i n k e d   o n l y   to  t h e   v a l u e   of   t h e  

v o l t a g e s   a p p l i e d   to   t h e   w i n d i n g s .  

The  t o r q u e   (C)  w h i c h   a c t s   on  t h e   m o v i n g   e l e m e n t   as   i t  

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

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

r e l a y )   d e p e n d s   on  t h e   Ix  and   Ic   ( r e c e i v i n g   and  s u p p l y  

c u r r e n t s )   as   p e r   t h e   f o r m u l a  :  

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

r e n t s   and   K  i n d i c a t e s   a  c o n s t a n t   w h i c h   d e p e n d s   on  t h e  

t y p e   of  r e l a y .  

T h i s   t o r q u e   i s   a t   i t s   max imum,   in   t h e   d i r e c t i o n   of  e x -  

c i t a t i o n   of  t h e   r e l a y ,   when  t h e   c u r r e n t   I .   l e a d s   t h e  



c u r r e n t   IL  by  9 0 ° .  

T h e s e   a l t e r n a t i n g   v o l t a g e s ,   a r e   d e r i v e d   f rom  t he   s a m e  

s o u r c e ,   as  t h e y   m u s t   be  a b s o l u t e l y   s y n c h r o n o u s .  

S u i t a b l e   a r r a n g e m e n t s   s h a l l   be  made  to  o b t a i n   t h e  

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

to  o p e r a t e   c o r r e c t l y .  

T h i s   may  be  a c h i e v e d ,   f o r   e x a m p l e ,   by  d e r i v i n g   t he   t w o  

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

a n d / o r   by  i n s e r t i n g   a  s u i t a b l e   c a p a c i t a t o r .  

F i n a l l y ,   Rr  i n d i c a t e s   t h e   r e s i s t a n c e   of  t h e   g r o u n d - r a i l  

4 .  

As  m e n t i o n e d   a b o v e ,   when  t h e   t r a c k   r e l a y   is   no t   c l e a r  

due  to  t h e   p r e s e n c e   of  r o l l i n g   s t o c k ,   f o r   e x a m p l e   a  

l o c o m o t i v e ,   as  shown  in  f i g u r e   2,  t h e   t r a c k   r e l a y   9  i s  

d e - e n e r g i z e d ,   as  t h e   a x l e s   of  t h e   l o c o m o t i v e   s h o r t -  

c i r c u i t   t he   t r a c k   c i r c u i t .  

The  d e - e n e r g i z e d   s t a t e   of  t h e   r e l a y   9  i s   u s e d   as  a  s i g -  

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

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

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

t h u s   a v o i d i n g   c o l l i s i o n s .  

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

s p i t e   of  t h e   p r e s e n c e   of  r o l l i n g   s t o c k   on  t he   t r a c k  

c i r c u i t ,   u n d e s i r e d   e n e r g i z i n g   of  t h e   r e l a y   9  i s   p o s -  

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



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

I n d e e d ,   in   s p i t e   of   t h e   p r e s e n c e   of  r o l l i n g   s t o c k   o n  

t h e   t r a c k   c i r c u i t ,   w h i c h ,   as   s h o w n   in  f i g u r e   2,  s h o r t -  

c i r c u i t s   t h e   Vc  p o w e r   s u p p l y   c u r r e n t ,   t h e   r e l a y   9  m a y  

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

come  a b o u t  :  

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

c i e n t   v a l u e  

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

f r e q u e n c y   of  50  Hz  w i t h   a  s u i t a b l e   p h a s e   d i f f e r e n c e  

as  c o m p a r e d   to   t h e   l o c a l   v o l t a g e   V L .  

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

I T E ,   a t   50  Hz,  h a s   t h e   c o r r e c t   p h a s e   d i f f e r e n c e   as  c o m -  

p a r e d   to   t h e   v o l t a g e   VL,  f o r   t h e   r e l a y   to   be  e n e r g i z e d  

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

v a l u e   of  3A  ( A m p e r e s )   and   f o r   t h e   r e s i s t a n c e   Rr  to   h a v e  

a  v a l u e   of  0 . 6   O h m s .  

T h i s   d i s t u r b i n g   c u r r e n t   v a l u e   i s   c o n s i d e r e d   too   low  t o  

g u a r a n t e e   s a f e t y .  

The  d e v i c e   c o v e r e d   by  t h i s   i n v e n t i o n   m a k e s   i t   p o s s i b l e  

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

u n d u e   e n e r g i z i n g   of  t h e   t r a c k   r e l a y   9,  and  t h u s   to   i n -  

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

F i g u r e   3  s h o w s   s c h e m a t i c a l l y ,   as  i n d i c a t e d   a b o v e ,   t h e  

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



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

t w e e n   t h e   t r a c k   r e l a y   9  and   t h e   r e c e i v i n g   v o l t a g e   VL  o n  

t h e   one  h a n d ,   and   b e t w e e n   t h e   s u p p l y   v o l t a g e   Vc  and  t h e  

r e c e i v i n g   v o l t a g e   VL  on  t h e   o t h e r .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   p o l a r i t y   of  t h e   r e c e i v -  

ing   v o l t a g e   VL  and  s u p p l y   v o l t a g e   VC  is   c h a n g e d   p e r i -  

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

CL.  

I t   t h e r e f o r e   f o l l o w s   t h a t   when  t h e r e   is   no  r o l l i n g  

s t o c k   on  t h e   t r a c k   c i r c u i t ,   in  t he   c a s e   of  a  t r a d i -  

t i o n a l   t r a c k ,   c u r r e n t s   IL  and  Ic  a r e   r e p r e s e n t e d   b y  

f i g u r e   4  :   t h e y   a r e   c o n s t a n t l y   ou t   of  p h a s e   by  90°  a n d  

t h e r e f o r e   t h e   t r a c k   r e l a y   9  i s   e n e r g i z e d  :   t h i s   e n e r -  

g i z e d   s t a t e   c o r r e s p o n d s   to   t h e   " l i n e   c l e a r "   c o n d i t i o n  

of  t h e   t r a c k   c i r c u i t .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   p r e s e n c e   of  t h e   i n -  

v e r t e r s   CL  and  CC  c o n t r o l l e d   s y n c h r o n o u s l y   g i v e s   r i s e  

to  r e c e i v i n g   and  s u p p l y   c u r r e n t s   IL  and  Ic  r e s p e c t i v e -  

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

v e r s i o n   i n t e r v a l   ( t 1 ) ,   as  shown   in  f i g u r e   5 .  

The  o p e r a t i n g   p r i n c i p l e   of  t h e   i n v e n t i o n   is  t h e r e f o r e  

e x t r e m e l y   s i m p l e  :   i t   i s   p o s s i b l e   t h a t   t he   d i s t u r b i n g  

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

r e c e i v i n g   c u r r e n t   IL  a b l e   to  s i m u l a t e   t he   i n t e n s i t y ,  

f r e q u e n c y   and  p h a s e   of  t h e   r e c e i v i n g   c u r r e n t   c o r -  



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

p e r i o d   of  t i m e   ( t i ) ,   b u t   i t   i s   e x t r e m e l y   i m p r o b a b l e  

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

s a m e   f r e q u e n c y   ( 1 / t i )   a t   w h i c h   t h e   p o l a r i t y   c h a n g i n g  

s w i t c h e s   CL  and   Cc  o p e r a t e .  

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

t e m s   w o u l d   c a u s e   t h e   t r a c k   r e l a y   9  to   be  e n e r g i z e d ,  

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

r i o d i c a l   e n e r g i z i n g   and   d e - e n e r g i z i n g   a t   i n t e r v a l s   o f  

( t 1 )   of  t h e   t r a c k   r e l a y ;   b u t   i f   t h e   i n t e r v a l  ( t 1 )   i s  

s u i t a b l y   s e l e c t e d ,   t h a t   i s   to   s a y   i f   i t   i s   made  to  b e  

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

an  e n e r g i z e d   to   a  d e - e n e r g i z e d   s t a t e ,   in   t h e s e   c o n d i -  

t i o n s   t h e   r e l a y   9  c a n n o t   be  e n e r g i z e d .  

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

s i g n a l   may  h a v e   any   p h a s e ,   i n t e n s i t y   and   f r e q u e n c y  

w h a t s o e v e r ,   b u t   t h a t   i t   i s   of  a  p e r m a n e n t   t y p e .  

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

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

to   t h e   s i g n a l   VL  s w i t c h e d   a t   i n t e r v a l s   of   ( t 1 )   i s   n i l .  

In   t h i s   h y p o t h e t i c a l   c a s e ,   s h o u l d   t h e   h a z a r d o u s   c a s e  

s h o w n   in   f i g u r e   2  o c c u r ,   in   t h e   w o r s t   c a s e   t h e  

w a v e f o r m s   a r e   t h o s e   shown   in  f i g u r e   6,  w h e r e   Ic   r e p r e -  

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

c u r r e n t ,   s h u n t e d   by  t h e   r o l l i n g   s t o c k   p r e s e n t   on  t h e  



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

( t 1 ' )   t h e   two  c u r r e n t s   a r e   ou t   of  p h a s e   in  s u c h   a  w a y  

t h a t   a  t o r q u e   is   d e t e r m i n e d   in  a  d i r e c t i o n   o p p o s i t e   t o  

t h a t   r e q u i r e d   to  e n e r g i z e   t h e   r e l a y   9 .  

D u r i n g   t h e   s e c o n d   p e r i o d   ( t i " ) ,   t h e   two  c u r r e n t s   a r e  

a g a i n   o u t   of  p h a s e   so  as  to  d e t e r m i n e   e n e r g i z i n g   of  t h e  

r e l a y   9;  as  m e n t i o n e d   a b o v e ,   h o w e v e r ,   t h e   i n t r i n s i c  

e n e r g i z i n g   d e l a y   of  t h e   t r a c k   r e l a y   9  i s   s u c h   t h a t   i t  

i s   s u f f i c i e n t   to  s e l e c t   an  i n t e r v a l   ( t i )   l o w e r   t h a n   a  

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

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

h i g h e r   by  a  few  f a c t o r s   t h a n   t h a t   r e q u i r e d   in  n o r m a l  

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   s c h e m a t i c a l l y   t h e   p r i n c i p l e   a c -  

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

d e v i c e   a c c o r d i n g   to  t h e   i n v e n t i o n .  

W i t h   p a r t i c u l a r   r e f e r e n c e   to   t h i s   f i g u r e ,   t h e   s u p p l y  

v o l t a g e   (Ve)  and  t h e   r e c e i v i n g   v o l t a g e   (VL)  w h i c h   f e e d  

t h e   t r a c k   r e l a y   have   d i f f e r e n t   p o w e r   and  a m p l i t u d e  

l e v e l s ;   i t   i s   t h e r e f o r e   n e c e s s a r y   to   u se   two  r e v e r s i n g  

c i r c u i t s   (CL  and  CC)  h a v i n g   t h e   f u n c t i o n   of  c h a n g i n g  

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

By  u s i n g   two  s e p a r a t e   r e v e r s i n g   c i r c u i t s ,   t h e  

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

w h i c h   may  o c c u r   in  t h e   c i r c u i t s   t h e m s e l v e s   i s   a c -  



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

p h a s e   d i f f e r e n c e s   b e t w e e n   t h e   s u p p l y   (Ve)  and  r e c e i v i n g  

(VL)  v o l t a g e s ,   and  c o n s e q u e n t l y   d e - e n e r g i z i n g   of  t h e  

t r a c k   r e l a y ,   t h a t   i s   to  s a y   a  c o n d i t i o n   of  no  d a n g e r   i n  

t h e   r a i l w a y   s i g n a l l i n g .  

The  c h a n g e   of  p o l a r i t y   in  e a c h   of   t h e   two  r e v e r s i n g  

c i r c u i t s   i s   o b t a i n e d   by  m e a n s   of  a  b r i d g e   ( i n d i c a t e d   b y  

A  in  c i r c u i t s   CL  and  CC  of  f i g u r e   7)  c o n s i s t i n g   of  f o u r  

s e m i c o n d u c t o r s   ( i n d i c a t e d   by  1 -1   and   1 - 2 ;   2-1   and  2 - 2  

w i t h   r e f e r e n c e   to  t h e   two  s i d e s   of   t h e   b r i d g e   w h i c h  

c o n d u c t   a l t e r n a t i v e l y ) .  

The  two  s i d e s   of  e a c h   b r i d g e   a r e   d r i v e n   by  m o d u l a t i o n  

and   p i l o t   c i r c u i t s   (B)  and   c o u p l i n g   t r a n s f o r m e r s   ( T ) ;  

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

w i t h   c e r t a i n   c a r r i e r   f r e q u e n c y   and   c y c l e   c h a r a c t e r -  

i s t i c s .   As  t h e   f o r m   of  t h e s e   s i g n a l s   i s   a  d e c i s i v e   f a c -  

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

m o d u l a t i n g   s i g n a l   c o n t r o l   c i r c u i t   (C)  i s   u s e d ) .  

The  c a r r i e r   s i g n a l   i s   p r o v i d e d   by  a  h i g h   f r e q u e n c y   g e n -  

e r a t o r   ( F ) .  

The  m o d u l a t i n g   s i g n a l   i s   s u p p l i e d   by  a  c o i n c i d e n c e   g a t e  

(D)  w h i c h   t a k e s   i t s   r e f e r e n c e   f r o m   a  c u r r e n t   c i r c u i t  

( E l )   a n d   a  c u r r e n t   s e n s o r   (E)  r u n   t h r o u g h   by  t h e   c u r -  

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

t h e   t r a c k   c i r c u i t  :   in   t h i s   way  t h e   p i l o t   s i g n a l s   a r e  



s y n c h r o n i z e d   w i t h   t h e   t i m e   d u r i n g   w h i c h   t he   c u r r e n t   i s  

n i l ,   in  o r d e r   to  c o n t r o l   s w i t c h i n g   when  t h e   s e m i c o n d u c -  

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

The  s e p a r a t i o n   of  t he   r e v e r s i n g   c i r c u i t s   m a k e s   i s  

n e c e s s a r y   to   s y n c h r o n i z e   t h e   p o l a r i t y   c h a n g e   c o n t r o l ,  

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

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

i s   a c c o m p l i s h e d   by  a  s y n c h r o n i z a t i o n   c i r c u i t   (G)  w h i c h  

p r o v i d e s   t h e   two  c o i n c i d e n c e   and   p i l o t   c i r c u i t s   ( D )  

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

The  s y n c h r o n i z a t i o n   c i r c u i t   (G)  a l s o   p r o v i d e s   t h e   p o s -  

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

in   l e n g t h s   of  t r a c k   a d j a c e n t   to  t h e   one  w h e r e   t h e  

d e v i c e   i s   i n s t a l l e d ,   in  o r d e r   to  s y n c h r o n i z e   t h e   s i g -  

n a l s   of  t h e   a d j a c e n t   t r a c k   c i r c u i t s   and  a c h i e v e   t h e  

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

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

( i n s u l a t i n g   j o i n t s ) .  

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

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

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

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

t i o n s   may  be  made  in  t he   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

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

d e e m e d   as  b e i n g   b a s e d   o n , t h e   f o l l o w i n g   c l a i m s .  



1 

D e v i c e   f o r   t h e   p r o t e c t i o n   of  t r a c k   r e l a y s ,   e l e c t r o -  

d y n a m i c   a n d / o r   e l e c t r o n i c ,   d r i v e n   by  two  v o l t a g e s  

h a v i n g   a  p h a s e   d i f f e r e n c e   of  9 0 ° ,   u t i l i z e d   in   t r a c k  

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

h i g h   s i g n a l / d i s t u r b a n c e   r a t i o ,   c h a r a c t e r i z e d   in  t h a t  

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

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

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

2  

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

t h e   p r e c e d i n g   c l a i m ,   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

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

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

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

s y n c h r o n i z e d   m a n n e r .  

3 

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

t h e   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   t h i s   i n v e r -  

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

t r a c k   r e l a y s   to   o p e r a t e .  

4  

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



t h e   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   t he   s i g n a l /  

d i s t u r b a n c e   r a t i o   in  t h e   t r a c k   c i r c u i t   is   r a i s e d   t o  

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

5  

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

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

s t a l l e d   as  d e s c r i b e d   and  i l l u s t r a t e d   by  way  of  e x a m p l e  

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

d r a w i n g s .  
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