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(s?)  Model  railway  control  system. 

©  A  model  railway  control  system  for  controlling  a  train  on 
a  model  railway  track  layout  comprises  a  power  supply  unit 
which  is  arranged,  in  operation,  to  produce  a  D.  C.  voltage 
which  periodically  changes  in  potential  between  two  levels. 
One  potential  serves  to  provide  power  to  drive  the  motor  (M) 
of  the  train  locomotive  while  the  other  potential  is  supplied 
as  a  series  of  pulses.  The  control  system  further  comprises  a 
control  unit  connected  between  the  power  supply  unit  and 
the  rails  (F)  of  the  track  layout  for  varying  the  width  and/or 
magnitude  of  the  pulses  and  a  control  module  (G)  provided 
in  the  train.  The  control  module  (G)  is  adapted  to  receive  and 
decode  the  pulses  from  the  control  unit  and,  using  the 
decoded  information,  serving  to  control  the  operation  of  the 
motor  (M).  The  control  module  receives  the  pulses  via 
pick-ups  (H)  which  are  arranged  to  contact  the  wheels  of  the 
locomotive  and  the  control  module  may  also  be  arranged  to 
control  the  operation  of  a  de-coupler  (J).  The  control  module 
preferably  takes  the  form  of  a  silicon  chip. 

Q. 
LU 

Croydon  Printing  Company  Ltd. 

A   model  railway  control  system  for  controlling  a  train  on 
a  model  railway  track  layout  comprises  a  power  supply  unit 
which  is  arranged,  in  operation,  to  produce  a  D.  C.  voltage 
which  periodically  changes  in  potential  between  two  levels. 
One  potential  serves  to  provide  power  to  drive  the  motor  (M) 
of  the  train  locomotive  while  the  other  potential  is  supplied 
as  a  series  of  pulses.  The  control  system  further  comprises  a 
control  unit  connected  between  the  power  supply  unit  and 
the  rails  (F)  of  the  track  layout  for  varying  the  width  and/or 
magnitude  of  the  pulses  and  a  control  module  (G)  provided 
in  the  train.  The  control  module  (G)  is  adapted  to  receive  and 
decode  the  pulses  from  the  control  unit  and,  using  the 
decoded  information,  serving  to  control  the  operation  of  the 
motor  (M).  The  control  module  receives  the  pulses  via 
pick-ups  (H)  which  are  arranged  to  contact  the  wheels  of  the 
locomotive  and  the  control  module  may  also  be  arranged  to 
control  the  operation  of  a  de-coupler  (J).  The  control  module 
preferably  takes  the  form  of  a  silicon  chip. 





T h i s   i n v e n t i o n   r e l a t e s   to  a  c o n t r o l   s y s t e m   f o r  

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

one  or   more   t r a i n s   can   be  c o n t r o l l e d   a t   t he   same  t i m e  

w i t h o u t   any   n e e d   to  i s o l a t e   s e c t i o n s   of  t he   t r a c k .  

C o n v e n t i o n a l  s y s t e m s   f o r   m o d e l   r a i l w a y   c o n t r o l   u s e  

a  two  r a i l   s y s t e m ,   D.C.  v o l t a g e   b e i n g   f ed   to  t h e   r a i l s   f r o m  

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

a l t e r i n g   t h e   v o l t a g e   p o t e n t i a l   or   by  a  p u l s e d   D.C.  s u p p l y  

v a r y i n g   t h e   o n - o f f   r a t i o .   The  m o d e l   t r a i n   p i c k s   up  t h e  

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

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

o f   t h e   t r a i n   t he   s u p p l y   c o n n e c t i o n   to  t he   two  r a i l s   i s  

r e v e r s e d .   The  ma in   d i s a d v a n t a g e   of  t h e s e   s y s t e m s   is   t h a t  

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

t h e   same  p o w e r   and  a r e   d r i v e n   in  t he   same  d i r e c t i o n .   I f  

i t   i s   d e s i r e d   to  r u n   more   t h a n   one  t r a i n   a t   a  t i m e   a t  

d i f f e r e n t   s p e e d s   t h e n   t h e   t r a c k   h a s   to  be  b r o k e n   up  i n t o  

s e c t i o n s   and  e a c h   s e c t i o n   i s o l a t e d   f rom  t he   o t h e r s .   E a c h  

s e c t i o n   h a s   to  be  s w i t c h e d   to  t h e   a p p r o p r i a t e   c o n t r o l l e r  

as  r e q u i r e d   to  d r i v e   t he   t r a i n .   T h i s   n e e d s   c o m p l i c a t e d  

w i r i n g   and  s w i t c h i n g .   I t  " i s   a l s o   o n l y   p o s s i b l e  t o   c o n t r o l  

one  o p e r a t i o n ,   n a m e l y   to  move  t h e   t r a i n .   I f   l i g h t s   a r e  

f i t t e d  t o   t h e   t r a i n ,   t h e s e   o n l y   work  w h i l s t   t he   t r a i n   i s  

m o v i n g   and  t he   b r i g h t n e s s   o f   them  d e p e n d s   on  t he   p o w e r  

s u p p l i e d   f o r   t he   m o t o r   d r i v e .  

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

d i s a d v a n t a g e s   of   t he   c o n v e n t i o n a l   D.C.  s y s t e m s   by  p a s s i n g  
A.C.   t h r o u g h   t h e   r a i l s   and  c o n t r o l l i n g   the   t r a i n s   by  m e a n s  



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

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

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

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

a r r a n g e d  t o   p a s s   t h e   c o n t r o l   s i g n a l s   or   t o n e s   to  t h e   t r a c k ,  

a  r e c e i v e r   m o u n t e d   on  e a c h   o f   t h e   t r a i n s   to   d e t e c t   t h e   t o n e ,  

r e c t i f y   t h e   A.C.   and  c o n t r o l   t h e   m o t o r ,   and  a  t r a n s f o r m e r  

to  s u p p l y   60Hz  t r a c k   p o w e r .   The  a d v a n t a g e   of   t h i s   s y s t e m  

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

i s o l a t e d   s e c t i o n s   and  e a c h   t r a i n   can   be  i n d i v i d u a l l y  

c o n t r o l l e d .   H o w e v e r ,   t h e r e   a r e   d i s a d v a n t a g e s   w i t h   t h i s  

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

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

s u p p l i e s   t h e   d r i v e   p o w e r   f o r   t h e   m o t o r .   M o r e o v e r ,   s i n c e  

t h e   m o t o r s   o f   t h e   t r a i n   l o c o m o t i v e s   r u n   on  D . C . ,   t h e y   o n l y  

r e c e i v e   t h e   h a l f   wave   c o m p o n e n t   o f   t h e   r e c t i f i e d   A.C.   a n d  

t h e y   t h e r e f o r e   r u n   h o t t e r   and  o f t e n   b u r n   o u t .   F u r t h e r ,  

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

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

a  s u i t a b l e   r e c e i v e r ,   i t s   m o t o r   w i l l   b u r n   o u t .   T h i s   s y s t e m  

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

u n i v e r s a l l y   w i t h   e x i s t i n g   l a y o u t s .  

The  p r e s e n t   i n v e n t i o n   a ims   to  p r o v i d e   a  c o n t r o l  

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

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

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

n e e d   f o r  i s o l a t i n g   s e c t i o n s   of   t h e   t r a c k .  



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

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

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

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

to  t h e   r a i l s   of   t h e   t r a c k   l a y o u t   t h r o u g h   t h e   same  two  w i r e s .  

The  s i g n a l s   p r e f e r a b l y   c o n s i s t   o f   v a r i a t i o n s   in  D . C .  

v o l t a g e   p o t e n t i a l   and  may  t a k e   t h e   f o r m   of   p u l s e s   v a r y i n g  

in   w i d t h   a n d / o r   p o t e n t i a l .   The  p u l s e s .  c a n   be  s q u a r e   a n d  

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

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

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

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

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

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

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

m o t o r ( s )   of   t h e   or   e a c h   t r a i n   and  t h e   o t h e r   p o t e n t i a l  

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

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

t r a c k   l a y o u t   f o r   v a r y i n g   t h e   w i d t h   a n d / o r   m a g n i t u d e   of   t h e  

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

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

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

t h e   o p e r a t i o n   of   t h e   or  i t s   a s s o c i a t e d   t r a i n .   T h u s ,   t h e  

or   e a c h   t r a i n   may  be  i n s t r u c t e d   to  go  f o r w a r d s   or  b a c k w a r d s ,  

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

p u l s e d   i n f o r m a t i o n   r e c e i v e d   by  i t s   c o n t r o l   m o d u l e .   At  t h e  

same  t i m e ,   p o w e r   f o r   t h e   m o t o r ( s )   o f   t h e   t r a i n ( s )   i s   s u p p l i e d  

to  t h e   r a i l s   of   t h e   t r a c k .   S i m i l a r   c o n t r o l   m o d u l e s   can  b e  



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

s i g n a l s ,   p o i n t s ,   t u r n t a b l e s ,   c r o s s i n g   g a t e s   and  o t h e r   t r a c k  

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

two  r a i l s   o f   t h e   t r a c k .  

P r e f e r a b l y ,   t h e   l o w e r   o f   two  p o t e n t i a l s   p r o v i d e s  

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

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

d e s i r e d .  

To  p r e v e n t   i n t e r f e r e n c e   f r o m   m o t o r s   and  o t h e r  

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

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

c o n t r o l   m o d u l e   to   t u r n   o f f   t h e   p o w e r   s u p p l y   to  t h e   m o t o r s  

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

to  t u r n   on  t h e   p o w e r   s u p p l y   to  p u l s e   c o u n t i n g   and  s w i t c h i n g  

c i r c u i t s   i n   t h e   c o n t r o l   m o d u l e .   T h i s   f i r s t   p u l s e   may  be  a t  

t h e   s a i d   s t i l l   l o w e r   p o t e n t i a l   or   may  h a v e   a  w i d t h   w h i c h   i s  

g r e a t e r   or   l e s s   t h a n   a l l   o f   t h e   o t h e r   p u l s e s   so  l o n g   as  t h e  

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

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

u s e d .   Fo r   t h i s   r e a s o n ,   i t   i s   p r e f e r r e d   t h a t   t h e   f i r s t  

p u l s e   s h o u l d   be  a t   a  v e r y   low  p o t e n t i a l   in   r e l a t i o n   to   t h e  

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

The  s e c o n d   or  t h i r d  p u l s e   o f   e a c h   s e r i e s   o f   p u l s e s  

i s   a r r a n g e d   to  be  of   g r e a t e r   w i d t h   a n d / o r   of   d i f f e r e n t  

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

p u l s e   to   r e - s e t   t h e   c o u n t i n g   c i r c u i t ( s )   in   t h e   or  e a c h  

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

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



to  t u r n   o f f   t h e   p o w e r   s u p p l y   to  t h e   c o u n t i n g   and  s w i t c h i n g  

c i r c u i t s  o f   t h e   c o n t r o l   m o d u l e ( s )   and  to  t u r n   on  t h e   p o w e r  

s u p p l y   to  t he   m o t o r ( s )   a n d  a n y   o t h e r   e q u i p m e n t .   The  i n t e r -  

m e d i a t e   p u l s e s   may  h a v e   one  of   two  d i f f e r e n t   w i d t h s   w h i c h  

a r e   a p p r o p r i a t e l y   s e l e c t e d   to  t u r n   on  or   o f f   l o c k i n g   c i r -  

c u i t s   c o n n e c t e d   to  t h e   s w i t c h i n g   c i r c u i t ( s )   in  t h e   or  e a c h  

c o n t r o l   m o d u l e .  

The  or   e a c h   c o n t r o l   m o d u l e   may  i n c l u d e   a  d e c a d e  

c o u n t e r   w h i c h   i s   c o n n e c t e d   to  one  or  more   i n d i c a t o r s   v i a  

s w i t c h i n g   c i r c u i t s ,   w h i c h   i n d i c a t o r ( s )   i s / a r e   a c t i v a t e d   o n  

r e c e i v i n g   p r e d e t e r m i n e d   s i g n a l s   f rom  t h e   c o u n t e r .   T r a n s -  

d u c e r s   p o s i t i o n e d   a r o u n d   t he   t r a c k   l a y o u t   can  be  a c t i v a t e d  

by  t h e   a c t i v a t e d   i n d i c a t o r s   on  a  t r a i n   and  u s e d   to  i n d i c a t e  

t h e   p o s i t i o n s   a n d / o r  o t h e r   i n f o r m a t i o n   o f   t h e   v a r i o u s  

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

f rom  t h e   t r a n s d u c e r s   can  a l s o   be  u s e d   to   f e e d   b a c k  

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

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

The  s u p p l y   of   p u l s e s   i s   n o t   c o n t i n u o u s   a n d  

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

t h e   l e n g t h   o f   e a c h   s e r i e s   of   c o n t r o l   p u l s e s   i s   4 : 1 .  

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

of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t he   d r a w i n g s ,   in   w h i c h  

F i g .   1  i s   a  d i a g r a m m a t i c   c i r c u i t   d i a g r a m   of   a  p o w e r  

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

t h e   i n v e n t i o n ;  

F i g .   2  s h o w s ,   d i a g r a m m a t i c a l l y ,  a   s i d e   v i e w   of   a  

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

r a i l   t r a c k ;  



F i g .   3  i s   a  p l a n   v i e w   of   t h e   l o c o m o t i v e   shown  i n  

F i g .   2 ;  

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

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

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

F i g .   5  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   c i r c u i t   o f   a  

c o n t r o l   u n i t   a c c o r d i n g   to   t h e   i n v e n t i o n   in   more   d e t a i l ;  

F i g .   6  shows   a  s e q u e n c e   of   p u l s e s   g e n e r a t e d   by  t h e  

c o n t r o l   u n i t   shown  i n   F i g .   5  in   o p e r a t i o n ;  

F i g .   7  shows   t h e   t i m e   p e r i o d s   d u r i n g   w h i c h   t he   p u l s e s  

s h o w n   in   F i g .   6  a r e   g e n e r a t e d ;  

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

m o d u l e   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 .   9  i s   a  c i r c u i t   d i a g r a m   o f   a  d e c o d e r   f o r m i n g  

p a r t   of   t h e   c o n t r o l   m o d u l e   shown  i n  F i g .   8;  a n d  

F i g .   10  i s   a  g r a p h   s h o w i n g   a  p r e f e r r e d   m a n n e r   i n  

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

p c o t e n t i a l   when  a  s t a t i o n a r y   t r a i n   i s   s t a r t e d .  

R e f e r e n c e   w i l l   f i r s t   be  made  to   F i g .   1  of   t h e  

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

c o m n e c t e d   to  an  18V  D.C.  s u p p l y   and  to   p r o d u c e   a  c o n t r o l l e d  

v a - l t a g e   of  14  v o l t s   w i t h   an  i n c r e a s e   to   18  v o l t s   a t   r e g u l a r  

i n  t e r v a l s   of   100  m i c r o s e c o n d s   to   p r o d u c e   p u l s e s   of  w i d t h s  

o f   10  m i c r o s e c o n d s ,   20  m i c r o s e c o n d s   or   30  m i c r o s e c o n d s .  

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

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

i n -   t u r n   c o n n e c t e d   to   a  p u l s e   g e n e r a t o r   D.  The  c o u n t e r   C 

i s   a r r a n g e d   to  c o u n t   up  to  100  p u l s e s   and  i s   t h e n   r e - s e t   t o  



z e r o   w h e r e u p o n   i t   c o m m e n c e s   c o u n t i n g   a g a i n .   E v e r y   1 0 0 t h  

p u l s e   has   a  w i d t h   o f   30  m i c r o s e c o n d s   and  a c t s   as  a  r e -  

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

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

a r r a n g e d   to  p a s s   p u l s e s   o f   10  m i c r o s e c o n d s   or   20  m i c r o -  

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

command  or  c o n t r o l   r e q u i r e d .   The  o u t p u t   f rom  t h e   c o n t r o l  

u n i t   A  i s   c o n n e c t e d   to  t h e   two  r a i l s   F-F  of   a  m o d e l   r a i l w a y  

s y s t e m .  

T u r n i n g   now  to  F i g s .   2  and  3,  a  l o c o m o t i v e   m o u n t e d  

on  t h e   r a i l s   F-F  i s   p r o v i d e d   w i t h   p i c k - u p   c o n n e c t i o n s   H 

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

l o c o m o t i v e   to   a  c o n t r o l   m o d u l e   G.  The  m o d u l e   G  s u p p l i e s  

p o w e r   to  a  m o t o r   M  and  to  o t h e r   u n i t s   s u c h   as  l i g h t s   K  o r  

t h e   c o i l   J  of   a  d e - c o u p l e r   as  d i r e c t e d   by  p u l s e s   r e c e i v e d  

f r o m   t he   c o n t r o l   u n i t   A.  The  c o n t r o l   m o d u l e   G  h a s   a  c o u n t e r  

w h i c h   is   r e s e t   to   z e r o   on  r e c e i v i n g   t h e   30  m i c r o s e c o n d   r e -  

s e t t i n g   p u l s e   f r o m   t h e   c o n t r o l   u n i t   A.  T h e r e a f t e r ,   s e l e c t e d  

10  and  20  m i c r o s e c o n d   p u l s e s   c o n t r o l   t he   o p e r a t i o n   o f   t h e  

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

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

commands   to  t h e   m o t o r ,   l i g h t s   a n d / o r   d e c o u p l e r   c o i l .  

For   e x a m p l e ,   t h e   m o t o r   s p e e d   c o n t r o l   may  u s e   t h r e e   p u l s e s  

in  e v e r y   100  p u l s e s   s p a c e d   a t   i n t e r v a l s   t h r o u g h   t h e   100  

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

r a t i o   of  10  m i c r o s e c o n d   to  20  m i c r o s e c o n d   p u l s e s   of   t h e  

t h r e e   p u l s e s   or   a  p l u r a l i t y   of   t h e   t h r e e   p u l s e s .   F o u r  

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



m o n i t o r e d   f o r   e a c h   c o n t r o l   a c t i o n   r e q u i r e d   s u c h   as  r e v e r s a l ,  

l i g h t s ,   or  d e c o u p l i n g .   The  c o u n t e r   in  the   c o n t r o l   m o d u l e  

is   u s e d   to  s e l e c t   and  m e a s u r e   t h e   p u l s e s   a l l o c a t e d   to  i t .  

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

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

o f  p o i n t s .   A  c o n t r o l   m o d u l e   L,  w h i c h   is  s i m i l a r   to  t h e  

c o n t r o l   m o d u l e   G  and  w h i c h   may  be  d i s g u i s e d   as  a  m o d e l  

s i g n a l   b o x ,   i s   c o n n e c t e d   to   t h e   r a i l s   F-F  and  i s   a r r a n g e d  

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

c o n t r o l   u n i t   A.  The  m o t o r   N  i s   e f f e c t i v e   to  move  t h e  

p o i n t s   P  b e t w e e n   t h e i r   two  p o s i t i o n s   and  a  s i g n a l   lamp  S 

may  a l s o   be  c o n n e c t e d   to   t h e   c o n t r o l   m o d u l e   L  and  c o n t r o l l e d  

t h e r e b y .  

W h i l e   t he   a b o v e - d e s c r i b e d   s y s t e m   w o r k s   w e l l   e n o u g h  

i f   o n l y   one  t r a i n   i s   u s e d   on  t h e   t r a c k   l a y o u t ,   p r o b l e m s  

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

s i m u l t a n e o u s l y   on  t h e   l a y o u t   b e c a u s e   a r c i n g   can   be  r e c e i v e d  

as  p u l s e s   by  some  o f   t h e   c o n t r o l   m o d u l e s   and  t h i s   r e s u l t s   i n  

e r r a t i c   c o n t r o l .   T h i s   c a n ,   h o w e v e r ,   be  o v e r c o m e   by  e m p l o y -  

ing   t h e   s y s t e m   shown  in  F i g .   5  of  t he   d r a w i n g s .  

In  F i g .   5,  a  20V  D.C.   i n p u t   is   c o n n e c t e d   to  a  D . C .  

s u p p l y   to  t h e   r a i l s   of   t h e   t r a c k   l a y o u t   b y  7   v o l t ,   18  v o l t  

and  14  v o l t   s t a b i l i z e d   c i r c u i t s   1,  2  and  3.  The  18V 

s t a b i l i z e d   c i r c u i t   2  i s   c o n n e c t e d   to  a  c o u n t e r   5,  a  s w i t c h  

u n i t   6  and  two  p u l s e   f o r m e r s   7  and  9  w h i l e   t h e   14V  s t a b i l i z e d  

c i r c u i t   3  i s   c o n n e c t e d   to   t h e   c o u n t e r   5  and  to  a  d e c a d e  

c o u n t e r   4.  The  d e c a d e   c o u n t e r   4  i s   a l s o   c o n n e c t e d   to  t h e  

c o u n t e r   5  w h i c h   i s   a  d i v i d e   by  5  c o u n t e r  , h a v i n g   one  c y c l e  



on  and  f o u r   c y c l e s   o f f   as  w e l l   as  to  t he   s w i t c h   u n i t   6 .  

I n p u t s   to  t he   d e c a d e   c o u n t e r   4  a r e   c o n n e c t e d   to  t he   p u l s e  

f o r m e r   9  and  to  a  p u l s e   g e n e r a t o r   10  w h i c h   is   a l s o   c o n n e c t e d  

to  t h e   p u l s e   f o r m e r s   7,  8  and  9.  In  o p e r a t i o n ,   t he   p u l s e  

g e n e r a t o r   10  i s   c o n n e c t e d   t o  a   5V  s t a b i l i z e d   v o l t a g e   s u p p l y  

and  s u p p l i e s   p u l s e s   to  t h e   d e c a d e   c o u n t e r   4  and  t h e   p u l s e  

f o r m e r s   7,  8  and  9.  The  c o n t r o l   u n i t   i s   a r r a n g e d   to  p r o v i d e  

a  s t a b i l i z e d   v o l t a g e   of   18  v o l t s   to  t h e   r a i l s   w i t h   a  d rop   t o  

7  v o l t s   f o r   a  p u l s e   of   w i d t h   20  m i c r o s e c o n d s   e v e r y   0 . 5 -  

s e c o n d s   f o l l o w e d   a t   100  i n t e r v a l s   of   100  m i c r o s e c o n d s   b y  

p u l s e s   p r o d u c e d   by  d r o p p i n g   t he   v o l t a g e   to  14  v o l t s .   T h e  

v o l t a g e   i s   k e p t   a t   18  v o l t s   p o t e n t i a l   b e t w e e n   the   s e r i e s  

of   p u l s e s ,   i . e .   f o r   p e r i o d s   of   0 . 4   s e c o n d s   as  i n d i c a t e d   i n  

F i g .   7.  T h i s   i s   a c h i e v e d   by  b l o c k i n g   f o u r   o u t   of   f i v e  

c y c l e s   f rom  t he   d e c a d e   c o u n t e r   4  by  m e a n s   of   t he   c o u n t e r   5 .  

As  s t a t e d   a b o v e ,   t he   f i r s t   p u l s e   of   e a c h   s e q u e n c e   o f  

p u l s e s   p r o d u c e s   a  v o l t a g e   d rop   to  7  v o l t s   f o r   20  m i c r o s e c o n d s .  

T h i s   i s   a c h i e v e d   by  means   of   t h e   d e c a d e   c o u n t e r   4  and  c o u n t e r  

5  w h i c h   t u r n s   o f f   t h e   s t a b i l i z e d   c i r c u i t s   2  and  3  f o r   t h i s  

p u l s e   so  t h a t   o n l y   t h e   c i r c u i t   1  can  p r o v i d e   i t s   v o l t a g e  

of   7  v o l t s   to  t h e   r a i l s   d u r i n g   the   f i r s t   p u l s e   of   20  m i c r o -  

s e c o n d s   as  i n d i c a t e d   in  F i g .   6.  T h i s   h a s   t he   e f f e c t   o f  

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

to  t h e   m o t o r   and  to  t u r n   on  s w i t c h i n g   c o n t r o l   c i r c u i t s   i n  

t h e   c o n t r o l   m o d u l e .  

The  p u l s e   f o r m e r   9,  w h i c h   is   a r r a n g e d   to  g i v e   a  

p u l s e   of   30  m i c r o s e c o n d s ,   i s   c o n n e c t e d   to  t h e   d e c a d e   c o u n t e r  

4  and  is   a r r a n g e d   to  p a s s   a  p u l s e   of  30  m i c r o s e c o n d s   f o r  



o n l y   t h e   s e c o n d   p u l s e   of   e a c h   c y c l e   of   100  p u l s e s .   T h u s ,  

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

p u l s e   f o r m e r   :9  i s   e f f e c t i v e   to  t u r n   o f f   t h e   c i r c u i t   2  f o r  

a  p e r i o d   o f   30  m i c r o s e c o n d s .   The  c i r c u i t   3  i s   h o w e v e r  

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

p u l s e   o f   14V  f o r   t h e   same  p e r i o d   of   30  m i c r o s e c o n d s .   T h i s  

a c t s   as  a  r e s e t t i n g   p u l s e   to  r e s e t   t h e   c o u n t e r s   o f   a l l   o f  

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

b e g i n   a g a i n .   I t   w i l l   be  s e e n   t h a t   by  t h i s   means   t h e  

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

v i r t u a l l y   i f   n o t   e n t i r e l y   e l i m i n a t e d .  

The  r e m a i n i n g   p u l s e s   of   14V  can  be  of  10  or  2 0  

m i c r o s e c o n d   d u r a t i o n .   The  p u l s e   f o r m e r   7  g i v i n g   p u l s e s   o f  

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

c i r c u i t   2  w h e r e a s   t h e   p u l s e   f o r m e r   8  g i v i n g   p u l s e s   o f   2 0  

m i c r o s e c o n d s   i s   c o n n e c t e d   to  t he   s t a b i l i z e d   c i r c u i t   2  v i a  

t h e   s w i t c h   u n i t   6  w h i c h   is   c o n t r o l l e d   by  t h e   d e c a d e   c o u n t e r  

4.  A  10  m i c r o s e c o n d   p u l s e   r e p r e s e n t s   an  " o f f "   p u l s e   w h i l e  

a  20  m i c r o s e c o n d   p u l s e   r e p r e s e n t s   an  "on"   p u l s e .   Fo r   a n  

" o f f ' t   p u l s e ,   t h e   s w i t c h   u n i t   6  b l o c k s   t h e   p u l s e   f rom  t h e  

p u l s e   f o r m e r   8  so  t h a t   t h e   18V  s t a b i l i z e d   c i r c u i t   2  i s  

t u r n e d   o f f   f o r   o n l y   10  m i c r o s e c o n d s   by  t h e   p u l s e   f rom  t h e  

p u l s e   f o r m e r   7  and   d u r i n g   t h i s   t i m e   t he   v o l t a g e   d r o p s   t o  

14V  s u p p l i e d   by  t h e   14V  s t a b i l i z e d   c i r c u i t   3  and  as  i n d i c a t e d  

by  t h e   t h i r d   p u l s e   in   F i g .   6.  For   an  "on"   p u l s e ,   t h e   s w i t c h  

u n i t   6  no  l o n g e r   b l o c k s   t h e   p u l s e   f rom  t h e   p u l s e   f o r m e r   8 

so  t h a t   t h i s   t i m e   t h e   18V  s t a b i l i z e d   c i r c u i t   2  i s   t u r n e d   o f f  

f o r   20  m i c r o s e c o n d s   by  t h e   p u l s e   f rom  t h e   p u l s e   f o r m e r   8  a n d  



a g a i n   t h e   v o l t a g e   d r o p s   to   14V  d u r i n g   t h i s   p e r i o d   a s  

i n d i c a t e d   by  t h e   f o u r t h   p u l s e   in   F i g .   6.  F i g .   6  a l s o  

s h o w s   f u r t h e r   on  and  o f f   p u l s e s   and  t h e s e  c o n t i n u e   up  t o  

100  when   t h e   c y c l e   i s   r e p e a t e d .   The  n e x t   f o u r   c y c l e s  

a r e   h o w e v e r   b l o c k e d   b y  t h e   c o u n t e r   5  and  o n l y   t h e   n e x t  

s u c c e e d i n g   f i f t h   c y c l e   i s   u t i l i s e d   to   s u p p l y   p u l s e d  

i n f o r m a t i o n   to  t h e   c o n t r o l   m o d u l e s   as  i n d i c a t e d   by  F i g .   7 .  

T h e   p u l s e   f o r m e r  7   i s   p r e f e r a b l y   c o u p l e d   to   p u l s e  

c o u n t   n u m b e r s   3 - 1 0 0   i n c l u s i v e   w h i l e   t h e   p u l s e   f o r m e r   8  i s  

p r e f e r a b l y   c o u p l e d   o n l y   to   p u l s e   c o u n t   n u m b e r s   3 -99   v i a  

t h e   s w i t c h   u n i t   6.  T h i s   m e a n s   t h a t   t he   l a s t   p u l s e   of   e a c h  

s e r i e s   or   c y c l e   i s   a l w a y s   an  o f f   p u l s e .  

T r a n s d u c e r   u n i t s   may  be  f i t t e d   a t   v a r i o u s   p o s i t i o n s  

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

w h i c h   a r e   a l s o   c o n n e c t e d   to  t h e   c o u n t e r   4  w h i c h   p r e f e r a b l y  

t a k e s   t h e   fo rm  o f   a  TTL  d e c a d e   c o u n t e r .   Each   t r a n s d u c e r  

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

e q u i p m e n t   c o r r e s p o n d i n g   to   t h e   s e c t i o n   o f   t r a c k   on  w h i c h  

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

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

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

F i g .   8  i s   a  b l o c k   c i r c u i t   d i a g r a m   of   a  c o n t r o l  

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

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

r a i l s   v i a   p i c k - u p s   ( n o t   s h o w n )   and  one  or   more   r e c t i f i e r s ,  

i n d i c a t e d   by  t he   box  S,  w h i c h   e n s u r e   t h a t   t h e   same  p o s i t i v e  

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

o f   t h e   p o l a r i t y   on  t h e   r a i l s .   The  s u p p l y   i s   f e d   to  d e - c o d e r  



u n i t s   X  and  Y  w h i c h   p r o d u c e   o n / o f f   p u l s e s   in   r e l a t i o n   t o  

t h e   p u l s e s   s u p e r i m p o s e d   on  t h e   s u p p l y .   The  d e c o d e r   X 

p r o d u c e s   a  p u l s e   o n l y   f r o m   t h e   f i r s t   7V  p u l s e   o f   e a c h  

c y c l e   and  t h i s   d e - c o d e d   p u l s e   i s   f e d   to  a  p o w e r   s u p p l y  

c o n t r o l   s w i t c h i n g   c i r c u i t   11.  The  c o n t r o l   c i r c u i t   11  i s  

c o n n e c t e d   to  a  s w i t c h i n g   c i r c u i t   12  f o r   c o n t r o l l i n g  t h e  

m o t o r   M  o f   t h e   l o c o m o t i v e   as  w e l l   as  to  a  5V  p o w e r   s u p p l y  

13  t o  T T L  c o u n t i n g   and   c o n t r o l l i n g   c i r c u i t s .  

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

c o n t r o l   c i r c u i t   11  t u r n s   o f f   t h e   p o w e r   to   t h e   m o t o r   M  a n d  

t u r n s   on  t h e   p o w e r   s u p p l y   13  to   t h e   TTL  c i r c u i t s .   The  d e -  

c o d e r   Y  d e - c o d e s   t h e   r e m a i n i n g   99  p u l s e s   and  p a s s e s   them  t o  

a  TTL  d e c a d e   c o u n t e r   14.  The  f i r s t   o f   t h e s e   p u l s e s   ( t h e   30  

m i c r o s e c o n d   r e s e t t i n g   p u l s e )   r e - s e t s   t h e   c o u n t e r   to  z e r o  

and   t h e n   t h e   f o l l o w i n g   p u l s e s   c o u n t   up  to   9 8 .  

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

o f  1 0   o r  2 0   m i c r o s e c o n d s   f r o m   t h e   s u p p l y  t o   TTL  f l i p   f l o p s  

1 5 - 1 8   and  a l s o   f i x e d   l e n g t h   c o n t r o l   p u l s e s   a t   t h e   same  t i m e  

o f   l e n g t h   15  m i c r o s e c o n d s   v i a   a  r e f e r e n c e   p u l s e   f o r m e r   2 4 .  

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

c o n t r o l   p u l s e   and  t h e n   e i t h e r   s w i t c h   on  or  o f f .   The  TTL 

f l i p   f l o p s   1 5 - 1 8   p a s s   s i g n a l s   to  r e s p e c t i v e   l o c k i n g   f l i p  

f l o p s   1 9 - 2 2   w h i c h   l o c k - o n   o r   o f f   u n t i l   a  c h a n g e   i n  s i g n a l  

i s   r e c e i v e d   f rom  t h e   a s s o c i a t e d   TTL  f l i p   f l o p .   The  c o u n t  

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

(4  a r e   shown  in   t h e   e x a m p l e )   and  t h e s e   a r e   t h e   o n e s  f e d  t o  

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

f r o m   one  t r a i n   m o d u l e   to   a n o t h e r   b u t   t h e   o n e s   shown  in  F i g . 8  



a r e   23,  33,  43  and  53  by  way  of   e x a m p l e .  

The  l o c k i n g   f l i p   f l o p s   2 1 - 2 2   a r e   c o n n e c t e d   to  a  

m o t o r   s p e e d   c o n t r o l   u n i t   23  w h i c h   can  t a k e   t he   form  of  a  

d e c a d e   c o u n t e r   ramp  and  t h e   o n / o f f   p u l s e s   may  be  a r r a n g e d  

to  d r i v e   t he   d e c a d e   c o u n t e r   ramp  e i t h e r   up  or   down  to  g i v e  

a  s e l e c t e d   v o l t a g e   l e v e l   to  d r i v e   t h e   D.C.  m o t o r   M  a t   a  

r e l a t e d   s p e e d   w i t h  a n   a d d i t i o n a l   or  a l t e r n a t i v e   v o l t a g e  

s u p p l y   to  t h e   m o t o r   o f   o n / o f f   f u l l   v o l t a g e   p o t e n t i a l  

p u l s e s   a t   one  or   more   s e l e c t e d   o n / o f f   t i m e   i n t e r v a l s .  

A  s e l e c t e d   p u l s e   n u m b e r   or  p u l s e   n u m b e r s   f rom  t h e  

t r a i n   m o d u l e   d e c a d e   c o u n t e r   may  be  c o n n e c t e d   to  an  i n f r a -  

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

t h e   t r a n s d u c e r s   p o s i t i o n e d   a r o u n d   t h e   t r a c k .  

The  d i r e c t i o n   of  t he   m o t o r   M  i s   c o n t r o l l e d   b y  

m e a n s   of   t he   s w i t c h i n g   c i r c u i t   12  w h e r e b y   in  one  p o s i t i o n  

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

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

t h e   m o t o r   w i l l   d r i v e   t he   l o c o m o t i v e   in   r e v e r s e .   T h e  

s w i t c h i n g   c i r c u i t   12  may  t a k e   t he   fo rm  of   a  t r a n s i s t o r  
c o n t r o l l e d   by  t he   f l i p - f l o p   2 0 .  

r e l a y   c i r c u i t   or  a  m e c h a n i c a l   s w i t c h i n g   r e l a y .  

The  d e c o d e r s   X  and  Y  may  t a k e   any  s u i t a b l e   f o r m  

b u t   a  p r e f e r r e d   e x a m p l e   is   i l l u s t r a t e d   in  F i g .   9.  T h e  

c i r c u i t   i s   so  a r r a n g e d   t h a t ,   in  t h e   c a s e   of  d e c o d e r   X,  a  

s i g n a l   a p p e a r s   a t   t he   o u t p u t   o n l y   d u r i n g   the   7V  p u l s e  

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

o u t p u t   o n l y   d u r i n g   t h e   14V  p u l s e s .   At  18V,  b o t h   d e c o d e r s  

a r e   b l o c k e d   and  do  n o t   p a s s   a  s i g n a l .  



The  v a l u e s   o f   t h e   z e n e r   d i o d e s   2 1 ,  2 2   and  23  a n d  

r e s i s t o r s   Rl -R8  can   be  c h o s e n   to  a c h i e v e   o p t i m u m   p e r f o r m a n c e  

and  w i l l   p r e s e n t   no  p r o b l e m   to  t h o s e   s k i l l e d   in   t h e   a r t .  

H o w e v e r ,   by  way  of   e x a m p l e ,   t h e   c i r c u i t   f o r   d e c o d e r   Y  h a s  

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

Z 1 - -   6 . 8 V ,   Z 2  -   7 . 5 V ,   Z 3  -   3 . 9V ,   R l  -   2 . 7 K ,   R 2  -   1K,  

R 3  -   5 . 6 K ,   R 4  -   5 . 6 K ,   R 5  -   2 . 7 K ,   R 6  -   6 . 8 Ω ,   R 7  -   20K  a n d  

R k  -   1K.  The  c a p a c i t a n c e   o f   t h e   c a p a c i t o r   Cl  is   in  t h i s  

c a s e   1 0  µ F .  

The  v o l t a g e   to  d r i v e   t h e   m o t o r   M  a t   v a r y i n g   s p e e d  

can   be  s u p p l i e d   as  a  v a r i a b l e   v o l t a g e   p o t e n t i a l   or  a  p u l s e d  

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

P r e f e r a b l y ,   h o w e v e r ,   a  c o m b i n a t i o n   o f  t h e   two  is   e m p l o y e d  

as  shown  in   F i g .   10  w h e r e   t h e   s p e e d   i s   b u i l t   up  by  r a i s i n g  

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

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

b e t w e e n   t h e   p u l s e s   up  to  f u l l   p o t e n t i a l   t h u s   f i n a l l y  

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

i s   o n .  

The  l o c k i n g   f l i p / f l o p s   1 9 - 2 2   in   F i g .   8  may  a l s o   b e  

u s e d   to   c o n t r o l   o t h e r   f u n c t i o n s   of   t h e   l o c o m o t i v e ,   f o r  

e x a m p l e   t he   c o i l   J  of   t h e   d e c o u p l e r   shown  in  F i g s .   2  a n d   3 .  

The  l o c o m o t i v e   may  a l s o   be  p r o v i d e d   w i t h   a  l i g h t   K  and  t h i s  

i s   p r e f e r a b l y   c o n n e c t e d   in  t h e   c i r c u i t   as  shown  in   F i g .   8 

so  t h a t   i t   w i l l   r e m a i n   on  even   when  t h e   m o t o r   i s   n o t   b e i n g  

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

a  t r a i n ,   f o r   e x a m p l e   in   p a s s e n g e r   c o m p a r t m e n t s ,   can  a l s o   b e  

c o n n e c t e d   in   t h e   c i r c u i t   so  t h a t   t h e y   too   w i l l   r e f r a i n   o n  



e v e n   when  t he   t r a i n   i s   s t a t i o n a r y .  

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

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

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

be  i n d e p e n d e n t l y   c o n t r o l l e d   on  a  t r a c k   l a y o u t   w i t h o u t   t h e  

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

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

s i n c e   t he   c o n t r o l   s y s t e m   o p e r a t e s   on  D . C . ,   t h e   r i s k   o f  

b u r n i n g   ou t   m o t o r s   w h i c h   i s   i n h e r e n t   w i t h   A.C.   s y s t e m s   i s  

n o t   p r e s e n t .   The  l o c k i n g   f l i p - f l o p s   a r e   s e t   o n l y   w h e n  

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

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

a f f e c t e d   by  a r c i n g   and  m o t o r   i n t e r f e r e n c e .  

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

t h e   f o rm  of  a  s i l i c o n   c h i p .   Wi th   maximum  c o n t r o l  

i n f o r m a t i o n   i n p u t   o f   1000  i n d i v i d u a l   s i g n a l s ,   t h e n   i f   e a c h  

c h i p   u s e s   10  s i g n a l s ,   100  p r o g r a m m e d   c h i p s   c o u l d   be  u s e d  

on  t h e   s y s t e m   w i t h o u t   t he   n e e d   f o r   i s o l a t i o n   ( f o r   20  s i g n a l s  

p e r   c h i p ,   50  c h i p s   c o u l d   be  u s e d ,   e t c . ) .  T h e   l i m i t   on  t h e  

n u m b e r   of   t r a i n s   and  s i g n a l s   o p e r a t e d   a t   any   one  t i m e   w o u l d  

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

to  t h e   t r a c k .   Each  c o n t r o l   u n i t   can  o p e r a t e   any   one  o f  

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

may  be  made  f o r   a  c o n t r o l   u n i t   to  s e l e c t   more   t h a n   o n e  

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

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

t r a i n s .   With   t h i s   c a p a c i t y ,   t he   s y s t e m   l e n d s   i t s e l f   t o  

new  m o t o r   c o n t r o l   d e v e l o p m e n t   f o r   more  r e a l i s t i c   d r i v e  



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

i n e r t i a   c o n t r o l ,   c o n t r o l l e d   b r a k i n g ,   f o r w a r d / r e v e r s e ,  

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

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

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

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

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

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

d a t e d .   A  f u r t h e r   a d v a n t a g e   o f   t h e   f e e d - b a c k   s y s t e m  

w o u l d   be  f o r   c o m p u t e r   c o n t r o l   o f   t h e   w h o l e   l a y o u t .  

The  i n v e n t i o n   i s   n o t   r e s t r i c t e d   to   t h e   a b o v e -  

d e s c r i b e d   e m b o d i m e n t s   b u t   m o d i f i c a t i o n s   may  be  m a d e  

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

d e f i n e d   by  t h e   c l a i m s .   F u r t h e r   t h e   i n v e n t i o n   i s   n o t  

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

be  u s e d   to  c o n t r o l   t h e   o p e r a t i o n   of   any  D.C.   m o t o r .  

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

a  c o n t r o l   s y s t e m   f o r   c o n t r o l l i n g   a  D.C.  m o t o r   in  w h i c h  

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

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

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

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



1.  A  c o n t r o l   s y s t e m   f o r   c o n t r o l l i n g   a  t r a i n   on  a  m o d e l  

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

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

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

p o t e n t i a l   b e t w e e n   a t   l e a s t   two  l e v e l s ,   one  p o t e n t i a l  

s e r v i n g   to  p r o v i d e   the   p o w e r   to  d r i v e   t he   m o t o r ( s )   of  t h e  

or  each   t r a i n   and  the   o t h e r   p o t e n t i a l   b e i n g   s u p p l i e d   as  a  

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

power   s u p p l y   u n i t   and  t he   r a i l s   of  the   t r a c k   l a y o u t   f o r  

v a r y i n g   the   w i d t h   a n d / o r   m a g n i t u d e   of  the   p u l s e s   and  a  

c o n t r o l   m o d u l e   p r o v i d e d   in  t h e   or  each   t r a i n   a d a p t e d   t o  

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

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

o p e r a t i o n   of   t he   or  i t s   a s s o c i a t e d   t r a i n .  

2.  A  c o n t r o l   s y s t e m   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  

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

to  c o n t r o l   t he   o p e r a t i o n   of  s i g n a l s ,   p o i n t s ,   t u r n t a b l e s ,  

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

p o w e r   and  coded   i n f o r m a t i o n   f rom  the   two  r a i l s   of   t h e  

t r a c k .  

3.  A  c o n t r o l   s y s t e m   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 ,  

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

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

p o t e n t i a l   is   a r r a n g e d   to  p r o v i d e   the   p o w e r .  



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

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

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

p u l s e s ,   to  t u r n   o f f   t h e   p o w e r   s u p p l y   to  t h e   m o t o r   of   t h e  

t r a i n   and  any  o t h e r   e q u i p m e n t   w h i c h   c o u l d   c a u s e   i n t e r -  

f e r e n c e   and  to  t u r n   on  t h e   p o w e r   s u p p l y   to  p u l s e   c o u n t i n g  

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

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

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

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

p o t e n t i a l   and  i s   t he   o n l y   p u l s e   p r o v i d e d   at   t h i s   p o t e n t i a l .  

6.  A  c o n t r o l   s y s t e m   a c c o r d i n g   to  c l a i m   4  or  c l a i m   5 ,  

c h a r a c t e r i s e d   in  t h a t   t he   s e c o n d   or   t h i r d   n u l s e   of   e a c h  

s e r i e s   o f   p u l s e s   i s   a r r a n g e d   to  be  of   g r e a t e r   w i d t h   a n d / o r  

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

as  a  r e - s e t t i n g   p u l s e   to  r e - s e t   t h e   c o u n t i n g   c i r c u i t ( s )  

in  the   or   e a c h   c o n t r o l   m o d u l e   to  z e r o .  

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

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

to  t u r n   o f f   t h e   p o w e r   s u p p l y   to  t h e   c o u n t i n g   and  s w i t c h i n g  

c i r c u i t s   o f   t h e   c o n t r o l   m o d u l e ( s )   and  to  t u r n   on  the   p o w e r  

s u p p l y   to  t h e   m o t o r ( s )   and  a n y   o t h e r   e q u i p m e n t .  

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

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

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

l o c k i n g   c i r c u i t s   c o n n e c t e d   to  t h e   s w i t c h i n g   c i r c u i t ( s )   i n  

t he   or  e a c h   c o n t r o l   m o d u l e .  



9.  A  c o n t r o l   s y s t e m   a c c o r d i n g   t o   any  one  of   c l a i m s  

1  to  8,  c h a r a c t e r i s e d   in  t h a t   the   or  e ach   c o n t r o l   m o d u l e  

i n c l u d e s   a  d e c a d e   c o u n t e r   w h i c h   is  c o n n e c t e d   to  one  o r  

more   i n d i c a t o r s   v i a   s w i t c h i n g   c i r c u i t s ,   w h i c h   i n d i c a t o r ( s )  

i s / a r e   a c t i v a t e d   on  r e c e i v i n g   p r e d e t e r m i n e d   s i g n a l s   f r o m  

the   c o u n t e r   and  in  t h a t   t r a n s d u c e r s   a r e   p o s i t i o n e d   a r o u n d  

t h e  t r a c k   l a y o u t   and  a r e   a r r a n g e d   to  be  a c t i v a t e d   by  t h e  

a c t i v a t e d   i n d i c a t o r ( s )   on  a  t r a i n   and  u s e d   to  i n d i c a t e  

the   p o s i t i o n s   a n d / o r   o t h e r   i n f o r m a t i o n   of  t he   v a r i o u s  

t r a i n s   on  t h e   t r a c k   l a y o u t   on  a  c o n t r o l   p a n e l .  

10.  A  c o n t r o l   s y s t e m   a c c o r d i n g   to  any  one  of   c l a i m s  

1  to  9,  c h a r a c t e r i s e d   in  t h a t   the   l e n g t h   of  p o w e r   s u p p l y  

to  t he   l e n g t h   o f   e a c h   s e r i e s   of   c o n t r o l   p u l s e s   is   in  t h e  

r a t i o   of   4 : 1 .  

11.  A  c o n t r o l   s y s t e m   a c c o r d i n g   to  any  one  of  c l a i m s  

1  to  10,  c h a r a c t e r i s e d   in  t h a t   the   c o n t r o l   m o d u l e   f o r  

the   or  e a c h   t r a i n   t a k e s   the   form  of  a  s i l i c o n   c h i p .  

12.  A  c o n t r o l   s y s t e m   f o r   c o n t r o l l i n g   a  D.C.  m o t o r  

c h a r a c t e r i s e d   in  t h a t   power   f o r   d r i v i n g   the   m o t o r   a n d  

c o n t r o l   s i g n a l s   f o r   c o n t r o l l i n g   the   o p e r a t i o n   of  the   m o t o r  

a r e   s u p p l i e d   t h r o u g h   the   same  two  w i r e s   and  in  t h a t   t h e  

c o n t r o l   s i g n a l s   t a k e   the   form  of  d i g i t a l   c o n t r o l   p u l s e s .  
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