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©  Trip  apparatus. 
©  In  trip  apparatus  of  the  type  wherein  a  trip  signal  applied 
to  the  trip  apparatus  inputs  by  an  input  field  circuit  causes 
the  output  signal,  applied  by  the  trip  apparatus  outputs  to  the 
output  field  circuit,  to  change  the  'health'  of  the  input  and/or 
output  field  circuits  is  monitored  to  detect  malfunction,  or 
potential  malfunctions,  resulting  from  e.g.  abnormal  field 
circuit  resistance,  earth  leakage  and/or  application  of  high 
voltages,  by  monitoring  the  potential  difference  across  the 
trip  apparatus  inputs  and/or  outputs  and/or  between  said 
inputs  and/or  outputs  and  earth,  so  that  an  alarm  signal  is 
given  should  the  monitored  potential  difference  vary  from 
within  preset  limits. 
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This  i n v e n t i o n   r e l a t e s   to  a  t r i p   a p p a r a t u s .   In  t h e  

o p e r a t i o n  o f   machinery,   chemical  or  o the r   p r o c e s s e s ,   i t   is  o f t e n  

d e s i r a b l e   to  moni tor   a  pa ramete r ,   e .g .   t e m p e r a t u r e ,   p r e s s u r e ,  

degree  of  t r a v e l ,   so  t h a t ,   when  the  pa rame te r   reaches   a  p r e d e t e r -  

mined  va lue ,   a  device ,   e .g.   a  va lve ,   motor,  or  brake ,   is  o p e r a t e d .  

For  s i m p l i c i t y   we  wil l   h e r e i n a f t e r   r e f e r   to  the  device  as  a  

s o l e n o i d   a l though   i t   wi l l   be  a p p r e c i a t e d   tha t   a  wide  range  o f  

o the r   devices   could  be  employed.  

In  p a r t i c u l a r   a  t r i p   system  of  high  r e l i a b i l i t y   is  r e -  

qu i red   to  enable  shut-down  or  m o d i f i c a t i o n   of  the  o p e r a t i o n   i n  

the  event  of  sa id   monitored  pa ramete r   r e ach ing   e .g.   as  a  r e s u l t  

of  f a i l u r e   or  ma l func t i on   of  equipment,   a  p r ede t e rmined   l i m i t   f o r  

safe  o p e r a t i o n .  

S o p h i s t i c a t e d   e l e c t r i c a l   t r i p   systems  of  high  i n t e r n a l  

r e l i a b i l i t y   are  known.  However  we  have  found  t ha t   the  m a j o r i t y  

of  f a u l t s   in  t r i p   systems,  of ten   r e s u l t i n g   in  o p e r a t i o n   of  t h e  

s o l e n o i d   even  when  the  monitored  pa rame te r   has  not  reached  t h e  

p r e d e t e r m i n e d   va lue ,   occur  in  what  is  h e r e i n a f t e r   termed  the  f i e l d  

c i r c u i t s ,   i . e .   the  c i r c u i t ,   i n c l u d i n g   the   moni tor ing  means ,   c o n n e c t e d  

t o  t h e   t r i p  s y s t e m   i n p u t  a n d   the  c i r c u i t ,   i n c l u d i n g   the  so leno id ,   con -  
nec ted   to  the  t r i p   system  ou tpu t .   Thus  short   or  open  c i r c u i t s ,   e a r t h  

l e akages ,   a c c i d e n t a l   a p p l i c a t i o n   of  high  v o l t a g e s ,   may  r e s u l t   i n  

m a l f u n c t i o n   of  the  input  c i r c u i t ,   e i t h e r   g iv ing   a  f a l se   i n d i c a t i o n  

of  the  pa ramete r   r each ing   the  p r ede t e rmined   l e v e l ,   with  c o n s e q u e n t  

t r i p p i n g   of  the  system  and  o p e r a t i o n   of  the  so l eno id ,   or  with  t h e  



r i s k   tha t   should  the  pa rame te r   be ing   moni to red   reach  the  p r e d e t e r -  

mined  va lue ,   the  m a l f u n c t i o n   of  the  input   c i r c u i t   wi l l   r e s u l t   i n  

no  a c t u a t i n g   s igna l   be ing   r e c e i v e d   by  the  t r i p   system  and  c o n -  

s e q u e n t l y   no  o p e r a t i o n   of  the  so l eno id .   Likewise  f a u l t s   in  t h e  

ou tpu t   c i r c u i t ,   e .g.   shor t   or  open  c i r c u i t s   may  cause  p r e m a t u r e  

o p e r a t i o n   of  the  so l eno id   or  the  r i s k   of  n o n - o p e r a t i o n   t h e r e o f   i n  

the  event  of  a  genuine  t r i p   s igna l   be ing   r e c e i v e d   by  the  t r i p  

s y s t e m .  

The  t r i p   system  of  the  p r e s e n t   i n v e n t i o n   is  of  the  t y p e  

wherein   an  input   f i e l d   c i r c u i t   is  connected   to  the  input   t e r m i n a l s  

of  a  t r i p   appa ra tus   which  forms  the  r e s t   of  the  input   c i r c u i t .  

The  t r i p   appa ra tus   in  turn   has  output   t e rmina l s ,   for   connec t ion   t o  

complete  an  output  f i e l d   c i r c u i t .   Normally  the  input   and  o u t p u t  

t e r m i n a l s   of  the  t r i p   appa ra tus   p rov ide   the  power  source  for   s u p p l y -  

ing  e l e c t r i c a l   cu r r en t   to  the  input   and  ou tput   f i e l d   c i r c u i t s .   When 

the  pa ramete r   being  moni tored   reaches   i t s   p r e d e t e r m i n e d   t r i p   v a l u e ,  

a  s i gna l   in  the  input   c i r c u i t   reaches   a  p r e d e t e r m i n e d   l eve l   wh ich  

then  causes  a  s igna l   in  the  output   c i r c u i t   to  change .  

In  the  c o r r e c t   f u n c t i o n i n g   of  the  t r i p   system  when  no  

t r i p   s igna l   has  occur red   the  p o t e n t i a l   d i f f e r e n c e   across   the  i n p u t  

t e r m i n a l s   of  the  t r i p   a p p a r a t u s ,   and  the  p o t e n t i a l   d i f f e r e n c e   b e -  

tween  the  input   t e r m i n a l s   and  ea r th   wi l l   l i e   wi th in   p r e s e t   l i m i t s .  

On  p r o d u c t i o n   of  a  t r i p   s igna l   one  or  more  of  these   p o t e n t i a l   d i f -  

f e r e n c e s   w i l l   change.  Ma l func t ion   of  the  input   f i e l d   c i r c u i t ,   e . g .  

as  a  r e s u l t   of  a c c i d e n t a l   a p p l i c a t i o n   of  h igh  v o l t a g e s ,   ear th   l e a k -  

age,  abnormal  f i e l d   c i r c u i t   r e s i s t a n c e ,   w i l l   cause  these   p o t e n t i a l  

d i f f e r e n c e s   to  vary  from  these   p r e s e t   l i m i t s .   Likewise  m a l f u n c t i o n  

of  the  output   f i e l d   c i r c u i t ,   e .g.   abnormal  f i e l d   c i r c u i t   r e s i s t a n c e  

w i l l   cause  the  p o t e n t i a l   d i f f e r e n c e   across   the  output   t e r m i n a l s ,  

and /o r   between  the  output   t e r m i n a l s   and  e a r t h   to  vary  from  p r e s e t  

l i m i t s .   If  these  p o t e n t i a l   d i f f e r e n c e s   are  moni tored ,   in  e f f e c t  

the  "hea l th"   of  the  a p p r o p r i a t e   f i e l d   c i r c u i t   is  m o n i t o r e d .  

In  the  p r e sen t   i n v e n t i o n   the  p o t e n t i a l   d i f f e r e n c e   a c r o s s  

the  input  t e rmina l s   and/or   between  the  input   t e r m i n a l s   and  e a r t h  

and /o r   across   the  output   t e r m i n a l s   and/or   between  the  o u t p u t  



t e r m i n a l s   and  ea r th   are  c o n t i n u o u s l y   moni tored ,   so  t ha t   i f   t h e  

moni to red   p o t e n t i a l   d i f f e r e n c e   v a r i e s   from  p r e s e t   l i m i t s ,   a n  

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

Accord ing ly   the  p r e sen t   i n v e n t i o n   p rov ides   a  t r i p  

a p p a r a t u s   for   o p e r a t i n g   a  device  when  a  moni tored  p a r a m e t e r  

r eaches   a  p r e d e t e r m i n e d   t r i p   value  c o m p r i s i n g  

( i )   input   means  for  connec t ion   to  an  input   f i e l d   c i r c u i t  

wh ich ,  toge the r   with  sa id   input   means,  forms  an  i n -  

put  c i r c u i t   for   r e c e i p t   of  an  e l e c t r i c a l   i n p u t  

s i gna l   from  means  m o n i t o r i n g   said  p a r a m e t e r ,  

( i i )   output   means  for   connec t ion   to  an  output  f i e l d  

c i r c u i t   which,  t o g e t h e r   with  said  output   means ,  
forms  an  output  c i r c u i t   for   p r o v i d i n g   an  e l e c t -  

r i c a l   output  signal,  to  sa id   device  which  i s  

a r ranged   to  opera te   when  the  output  s igna l   has  a  

p r e d e t e r m i n e d   t r i p   v a l u e ,  

( i i i )   means  to  change  the  output  s i gna l   to  i t s   t r i p   v a l u e  

when  sa id   input   s igna l   has  a  value  i n d i c a t i v e   t h a t  

the  moni tored  parameter   has  reached  i t s   p r e d e t e r -  

mined  t r i p   l e v e l ,  

( iv)   means  for   con t inuous ly   m o n i t o r i n g   at  l e a s t   one  o f  

(a)  the  p o t e n t i a l   d i f f e r e n c e   across  sa id   i n p u t  

means ,  

(b)  the  p o t e n t i a l   d i f f e r e n c e   between  sa id   i n p u t  

means  and  e a r t h ,  

(c)  the  p o t e n t i a l   d i f f e r e n c e   across  said  o u t p u t  

means ,  
(d)  the  p o t e n t i a l   d i f f e r e n c e   between  said  o u t p u t  

means  and  ea r th ,   a n d  

(v)  means  r e spons ive   to  said  moni tored   p o t e n t i a l   d i f f e r e n c e  

to  provide   an  alarm  s igna l   should  sa id   m o n i t o r e d  

p o t e n t i a l   d i f f e r e n c e   vary  from  wi thin   p r e s e t   l i m i t s ,  

v a r i a t i o n   of  said  moni tored  p o t e n t i a l   d i f f e r e n c e   t o  

ou t s ide   said  p re se t   l i m i t s   being  i n d i c a t i v e   of  m a l f u n c -  

t i on   or  p o t e n t i a l   m a l f u n c t i o n   of  the  a p p r o p r i a t e   f i e l d  

c i r c u i t .  



The  t r i p   system  is  p r e f e r a b l y   of  the  f a i l - s a f e   t y p e  

where in ,   in  the  n o n - t r i p p e d   c o n d i t i o n ,   the  input  and  output   s i g n a l s  

are  not  zero  and  change,  e .g.   d e c r e a s e ,   when  the  system  is  t r i p p e d .  

The  means  m o n i t o r i n g   the  pa rame te r   p r e f e r a b l y   i nc ludes   a  p a i r  

of  c o n t a c t s   connected   in  s e r i e s   wi th   the  input   f i e l d   c i r c u i t  

wi th   the  c o n t a c t s   c losed  in  the  n o n - t r i p p e d   c o n d i t i o n .   In  t h i s  

case  m o n i t o r i n g   the  p o t e n t i a l   d i f f e r e n c e   across  the  input   means 

enab les   h igh  con tac t   r e s i s t a n c e ,   i . e .   a  m a l f u n c t i o n ,   to  b e  

d e t e c t e d .  

The  appara tus   may  also  be  a r ranged   for   use  with  an  i n -  

put  f i e l d   c i r c u i t   producing  an  analogue  s i g n a l ,   i . e .   a  s i g n a l  

t h a t   i n c r e a s e s ,   or  dec reases ,   g r a d u a l l y   as  the  moni tored   p a r a -  
meter   approaches   i t s   t r i p   v a l u e .  

The  t r i p   appara tus   may  be  a r r anged   fo r   use  with  more 
than  one  input   c i r c u i t   and/or   more  than  one  output   c i r c u i t .   I n  

t h i s   case  the  h e a l t h   of  the  f i e l d   c i r c u i t   of  at  l e a s t   one  i n p u t  

and /o r   output   may  be  m o n i t o r e d .  

As  w i l l   be  expla ined   h e r e i n a f t e r ,   the  means  for   m o n i t o r -  

ing  the  p o t e n t i a l   d i f f e r e n c e s   are  p r e f e r a b l y   s u b s t a n t i a l l y   i s o l a t e d ,  

e .g .   by  high  impedances,   from  the  main  t r i p   c i r c u i t   so  tha t   a l a r m  

s i g n a l s   i n d i c a t i n g   ma l func t ion   of  the  input   and/or   output   f i e l d  

c i r c u i t s   do  not  i n t e r f e r e   with  the  o p e r a t i o n   of  the  main  t r i p  

c i r c u i t ,   and  cause  unnecessa ry   o p e r a t i o n   of  the  s o l e n o i d .  

I t   w i l l   be  a p p r e c i a t e d   t ha t   the  p o t e n t i a l   d i f f e r e n c e  

ac ros s   the  t e r m i n a l s   need  not  be  mon i to red   d i r e c t l y :   thus  t h e  

p o t e n t i a l   d i f f e r e n c e   between  one  t e r m i n a l   and  e a r t h   may  be  m o n i t o r e d  

and  compared  with  the  p o t e n t i a l   d i f f e r e n c e   between  the  o the r   t e r m i n a l  

and  e a r t h .   Likewise  since  the  p o t e n t i a l   d i f f e r e n c e   across   a  p a i r   o f  

t e r m i n a l s   is  dependent  on  the  c u r r e n t   f lowing  in  the  c i r c u i t   i n c l u d -  

ing  those   t e r m i n a l s ,   the  p o t e n t i a l   d i f f e r e n c e   across   the  t e r m i n a l s  

may  be  moni to red   by  man i to r ing   the  p o t e n t i a l   d i f f e r e n c e   a c r o s s  

a n o t h e r   component  in  the  c i r c u i t .  

In  a  complex  system,  as  may  o f t en   be  employed  in  a  c h e m i c a l  

p l a n t ,   input   s i g n a l s   may  be  ob t a ined   from  s eve ra l   p a r a m e t e r  

m o n i t o r i n g   means.  Thus  s eve ra l   p a r a m e t e r s   may  each  be  moni tored   and  



the  system  t r i p p e d   should  any  one  or  more  of  sa la   p a r a m e t e r s  

reach  i t s   p r ede t e rmined   va lue .   In  o ther   cases  i t   may  be  d e s i r e d  

to  t r i p   the  system  only  i f   two  or  more  parameters   reach  t h e i r  

p r e d e t e r m i n e d   l e v e l s .  

A l t e r n a t i v e l y   or  a d d i t i o n a l l y ,   i t   may  be  d e s i r e d   t o  

have  a  p l u r a l i t y   of  means  m o n i t o r i n g   the  same  pa rame te r   and  t h e  

system  arranged  to  t r i p   when  any  p a r t i c u l a r   combinat ion   of  one 

or  more  of  the  m o n i t o r i n g   means  is  a c t i v a t e d .   For  example  t h r e e  

devices   r e spons ive   to  the  same  pa rame te r   may  be  employed  and  t h e  

system  ar ranged  to  t r i p   when 

(a)  any  o n e ,  
(b)  any  two,  o r  

(c)  a l l   t h ree   devices   a c t u a t e .  

By  t h i s   means  i t   can  be  a r r anged   tha t   ma l func t ion   of  one  or  more 

of  the  parameter   m o n i t o r i n g   devices   w i l l ,   or  wi l l   no t ,   as  may  b e  

the  case,  cause  the  system  to  t r i p .   , 
Likewise  i t   may  be  d e s i r a b l e   to  have  a  p l u r a l i t y   of  o u t -  

put  c i r c u i t s ,   each  c o n t r o l l i n g   the  ope ra t i on   of  one  or  more  p r o c e s s  

modify ing   devices ,   e .g .   s o l e n o i d s .   Furthermore  i t   may  be  d e s i r e d  

to  opera te   one  or  more  s o l e n o i d s   when  one  moni tored   pa rame te r ,   o r  

combinat ion   of  p a r a m e t e r s ,   t r i p s ,   while  when  ano ther   pa rame te r ,   o r  

combinat ion  of  p a r a m e t e r s ,   t r i p s   another   so leno id ,   or  c o m b i n a t i o n  

of  s o l e n o i d s ,   is  a c t u a t e d .  

In  the  f o l l o w i n g   embodiment  of  the  i n v e n t i o n   c i r c u i t r y  

enab l ing   such  a r rangements   to  be  achieved,   t o g e t h e r   with  v a r i o u s  

s a f e t y   devices ,   is  d e s c r i b e d   with  r e f e r e n c e   to  the  accompanying 

c i r c u i t   diagrams  F igures   1  to  1 4 .  

The  t r i p   system  is  b u i l t   up  on  a  modular  s o l i d   s t a t e  

system  compris ing  a  p l u r a l i t y   of  p r i n t e d   c i r c u i t   ca rds ,   b e a r i n g  

the  a p p r o p r i a t e   s o l i d - s t a t e   c i r c u i t s ,   which  can  be  i n s e r t e d   i n t o  

s l o t s   in  racks  p rov ided   with  p o i n t s   for   connect ion   to  the  a p p r o -  
p r i a t e   input  and  output   f i e l d   c i r c u i t s .  

There  are  th ree   bas ic   types  of  cards ,   pr imary   c a r d s ,  
mat r ix   cards,   and  secondary  cards .   However,  as  wil l   be  d e s c r i b e d  

h e r e i n a f t e r ,   f u r t h e r   cards  termed  i n t e r - t r i p   cards  may  be  employed 



in  some  c a s e s .  

For  convenience  the  t r i p   c i r c u i t   wi l l   be  d e s c r i b e d   f i r s t ,  

t o g e t h e r   with  va r ious   r e f i n e m e n t s ,   fo l lowed   by  a  d e s c r i p t i o n   of  t h e  

c i r c u i t s   for   mon i to r ing   the  f i e l d   c i r c u i t   h e a l t h .  

The  pr imary  cards  con ta in   p a r t   of  the  t r i p   c i r c u i t   a n d  

the  input   f i e l d   c i r c u i t   m o n i t o r i n g   c i r c u i t .   The  secondary   c a r d s  

c o n t a i n   the  remainder   of  the  t r i p   c i r c u i t   and  the  output   f i e l d  

c i r c u i t   m o n i t o r i n g   c i r c u i t .   The  ma t r ix   cards  act  as  a  means  f o r  

c o n n e c t i n g   in  a  de s i r ed   combinat ion  the  outputs   f rom  the  p r i m a r y  

cards   to  the  inpu t s   of  the  secondary  c a r d s .  

POWER  SUPPLY 

The  i l l u s t r a t e d   embodiment  is  des igned  to  ope ra t e   f r o m  

a  nominal   50  v o l t s   supply  ob ta ined   from  e i t h e r   a  b a t t e r y   or  f r o m  

a  3  phase  f u l l -wave   r e c t i f i e d   AC  supply;   the  supply  n e g a t i v e   i s  

e a r t h e d .   The  nominal  value  of  50  v o l t s   was  chosen  as  i t   r e p r e s e n t s  

a  good  compromise  between  h ighe r   v o l t a g e s   which  i n t r o d u c e   p e r s o n n e l  

s a f e t y   problems  and  lower  v o l t a g e s   which  i n t r o d u c e   problems  such  a s  

v o l t a g e   drops  in  cables   and  the  long  term  d e t e r i o r a t i o n   of  i n i t i a t -  

ing  c o n t a c t s .  

The  system  has  been  des igned  to  accommodate  DC  s u p p l y  

v a r y i n g   between  42  and  57  v o l t s ,   thus  avo id ing   the  c o m p l i c a t i o n s  

of  c o n s t a n t   vo l t age   supply  s y s t e m s .  

Opera t ion   on  r e c t i f i e d   AC  may  be  used  in  systems  where  

p l a n t   shutdown  due  to  loss   of  mains  supply  would  not  be  s e r i o u s  

or  where  independent   supp l i e s   of  a c c e p t a b l e   r e l i a b i l i t y   are  a v a i l -  

ab le .   No  smoothing  is  r e q u i r e d   so  avo id ing   the  need  to  use  l a r g e  

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

As  w i l l   be  de sc r ibed   h e r e i n a f t e r ,   t r a n s i e n t   loss   o f  

supply   has  been  c a t e r e d   for ;   the  system  wi l l   w i t h s t a n d   i n t e r -  

r u p t i o n s   in  supply  of  up  to  250  m i l l i s e c o n d s   ( m s ) .  

PRIMARY  CARD  TRIP  CIRCUIT 

The  bas ic   primary  card  t r i p   c i r c u i t   is  shown  in  F igure   1 

and  employs  an  o p t i c a l - e l e c t r i c a l   coup l ing   compr is ing   a  l i g h t -  

e m i t t i n g - d i o d e   (LED)  Ll  coupled  to  a  p h o t o s e n s i t i v e   t r a n s i s t o r   T l .  

The  input  c i r c u i t   f i e l d   c i r c u i t ,   i . e .   tha t   w i th in   d o t t e d  



box  I  con ta ins   a  p a i r   of  c o n t a c t s   IC,  termed  i n i t i a t i n g   c o n t a c t s ,  

which  open  when  the  pa rame te r   being  moni tored  reaches   i t s   p r e -  

de te rmined   va lue .   During  normal,   i . e .   n o n - t r i p p e d ,   o p e r a t i o n  

the  i n i t i a t i n g   c o n t a c t s   IC  are  c losed ,   d i v e r t i n g   cu r r en t   f rom 

the  LED  Ll  of  the  o p t o - c o u p l e r   Ll,  Tl.  This  causes  t r a n s i s t o r s  

Tl  and  T2  to  remain  o f f ,   i . e .   non-conduc t ing ;   R5  holds  down  t h e  

base  of  t r a n s i s t o r   T3  which  is  thus  also  swi tched  o f f .   Since  no  

c u r r e n t   flows  th rough  T3,  the  p o t e n t i a l   d i f f e r e n c e   (p.d)  a c r o s s  

R6  is  zero  so  the  output   is  at  the  l ine   vo l t age   of  e .g .   50v.  

When  the  i n i t i a t i n g   con tac t s   IC  open,  i . e .   the  sys t em 

t r i p s ,   R2  charges   Cl  u n t i l   Ll  conducts  and  o p t o - c o u p l e s   a  s i g n a l  

to  switch  on  Tl.  Rl  and  R3  al low  the  vo l t age   at  the  con tac t s   IC 

to  reach  about  40  v o l t s   to  keep  the  con t ac t s   c l ean .   The  s w i t c h -  

ing  on  of  Tl  causes  T2  to  switch  on  d r i v i n g   c u r r e n t   into  the  b a s e  

of  T3  thereby   s w i t c h i n g   on  T3.  The  p.d  across   T6  i n c r e a s e s   and  

so  the  output   v o l t a g e   drops  to  approximate ly   I  v o l t .   This  is  t h e  

t r i p   c o n d i t i o n .   Zener  diode  Zl  is  p rovided   to  p r o t e c t   Tl  f rom 

exces s ive   v o l t a g e s .  

A  normal ly   c losed   defea t   switch  DS,  u s u a l l y   remote  f rom 

the  pr imary  card,   is  p rov ided   so  tha t   the  output   can  be  m a i n t a i n e d  

when  DS  is  opened  even  though  the  i n i t i a t i n g   c o n t a c t s   are  open.  
This  is  of  use  when  i t   is  r e q u i r e d   to  t e s t   or  r e p l a c e   the  means 

m o n i t o r i n g   the  pa rame te r :   i t   may  also  be  r e q u i r e d   to  be  o p e r a t e d  

when  the  p rocess   covered  by  the  whole  t r i p   system  is  being  s t a r t e d  

up  or  changed  from  one  mode  of  ope ra t ion   to  a n o t h e r .  

The  defea t   switch  DS  is  in  s e r i e s   with  the  output  and  

ope ra t e s   by  not  a l l owing   T3  to  pass  cu r ren t   when  i t s   con tac t s   a r e  

o p e n .   This  causes  the  output   to  remain  high,   i . e .   the  ' n o r m a l '  

c o n d i t i o n ,   An  LED  L2  l oca l   to  the  defeat   switch  i n d i c a t e s   when 

the  pr imary  card  is  de f ea t ed   and  e x t i n g u i s h e s   when  the  d e f e a t  

switch  is  c l o s e d .  

In  Figure   2  a  m o d i f i c a t i o n   of  the  c i r c u i t   of  Figure  1  i s  

shown  to  provide   for   the  use  of  more  than  one  input   f i e l d   c i r c u i t  

to  the  card.   In  the  embodiment  i l l u s t r a t e d ,   t h ree   inputs   are  u s e d  

and  ar ranged  so  tha t   the  system  t r i p s   only  when  two  or  more  of  t h e  



i npu t s   become  open  c i r c u i t ,   e.g.   as  a  r e s u l t   of  the  i n i t i a t i n g  

c o n t a c t s   of  two  of  the  i npu t s   opening.  For  t h i s   system  t h e  

p o r t i o n   of  Figure  1  w i th in   Box  II  is  r e p e a t e d   t h r e e   times  b u t  

fo r   s i m p l i c i t y   only  Tl,  T2  and  R4  t h e r e o f   are  shown  in  Figure  20 

The  e m i t t e r s   of  the  th ree   t r a n s i s t o r s   T2a,  T2b,  and  

T2c,  a l l   dr ive  into  a  common  r e s i s t o r   R7.  When  one  i n i t i a t i u g  

con t ac t   opens,  say  tha t   of  c i r c u i t   a,  T2a  w i l l   conduct  and  d r i v e  

a  c u r r e n t   "i"  mA  througta  R7  producing   "x"  v o l t s   across   i t .   When 

two  i n i t i a t i n g   c o n t a c t s   open,  say  those  of  c i r c u i t s   a  and  b,  T2a 

and  T2b  wi l l   each  conduct  and  each  dr ive  i  mA through  R7  p r o d u c -  

ing  2x  v o l t s   across   i t .   S i m i l a r l y   when  a l l   t h r ee   con tac t s   open 

3x  v o l t s   is  produced  ac ross   R7.  The  v o l t a g e   across   R7  is  compared  

with  say  1.5x  v o l t s ,   produced  by  p o t e n t i a l   d i v i d e r   R8,  R9,  by  a  

v o l t a g e   comparator   VC  1.  The  output   of  VC  1  is  low  when  0  or  I  

c o n t a c t s   are  open  and  high  when  2  or  3   c o n t a c t s   are  open .  

I t   wi l l   be  seen  tha t   the  comparator   VC  1  is  look ing   a t  

the  corners   of  a  b r idge   so  tha t   the  c i r c u i t   w i l l   opera te   for   a n y  

value   of  supply  v o l t a g e .  

The  output   of  the  comparator   VC  1  is  fed  via  a  z e n e r  

diode  Z2  and  cu r r en t   l i m i t i n g   r e s i s t o r   R10  to  dr ive   the  base  T3.  

Since  the  ' low'  output  of  the  comparator   VC  1  has  a  

va lue   somewhat  above  0  v o l t s ,   the  zener  diode  Z2  is  r e q u i r e d   t o  

ensure  tha t   T2  is  swi tched  off  when  the  c o m p a r a t o r ' s   output  i s  

' l o w ' .  

I t   can  be  seen  t h a t ,   by  changing  the  comparator   r e f e r -  

e n c e  l e v e l ,   i t   i s  p o s s i b l e   to  use  the  card  for   the  fo l lowing   l o g i c  

op t ions   i n  a d d i t i o n   to  any  two  out  of  t h r e e .  

( i )   any  one  out  of  t h r e e  

( i i )   a l l   t h r e e  

F u r t h e r   log ic   f u n c t i o n s   e .g.   a  a n d  b ;  a   and  c;  b  and  c ;  

can  be  achieved  by  changing  the  values  of  R4a,  R4b,  R4c  a p p r o p r i a t e l y .  

In  F i g u r e  3   ano ther   m o d i f i c a t i o n   of  the  c i r c u i t   of  F igure   1 

is  shown  to  p rov ide   for   a  time  delay  where  i t   is  de s i r ed   tha t   a  t r i p  

w i l l   only  occur  i f   the  i n i t i a t i n g   con tac t s   have  remained  open  for   a  

con t inuous   p r e - s e t   time  ' t ' .   If   the  con t ac t s   c lose  before   ' t '   h a s  



e lapsed   the  system  wi l l   r e s e t   so  tha t   i f   the  c o n t a c t s   then  r e -  

open,  the  p rev ious   p o r t i o n   of  time  ' t '   t ha t   the  c o n t a c t s   were  

open  is  not  counted  towards  the  pe r iod   ' t '   This  is  a c h i e v e d  

by  i n t e r p o s i n g   a  t imer   chip  TC  between  T2  and  T3.  I t   wi l l   b e  

a p p r e c i a t e d   t h a t   t h i s   time  delay  may  also  be  used  in  the  modi -  

f i c a t i o n   of  F igure   2.  In  th i s   case  the  t imer   TC  is  i n t e r p o s e d  

between  the  comparator   VC1  and  T3.  Input  to  the  t imer   is  v i a  

p o t e n t i a l   d i v i d e r   Rl l ,   R12.  This  p rov ides   the  c o r r e c t   i n p u t  

v o l t a g e s   for   the  t imer   from  a l l   o p t i o n s .  

The  d u r a t i o n   of  ' t '   can  be  p r e s e t   e .g .   by  s e l e c t i o n  

of  a  s u i t a b l e   value  for   the  t iming  c a p a c i t o r   C2. 

Care fu l   des ign  of  the  pr imary  card  layout   permi ts   t h e  

same  p r i n t e d   c i r c u i t   to  be  used  for   the  va r ious   op t i ons .   D i f -  

erent   op t ions   are  ach ieved   by  i n c l u d i n g   e x t r a   components  and  

us ing   d i f f e r e n t   va lues   of  r e s i s t o r s .  

MATRIX  CARDS 

These  enable  a  number  of  pr imary  cards ,   e .g.   up  to  20 ,  

to  be  connected  with  a  number  of  secondary  cards ,   e .g.   up  to  1 6 .  

The  matr ix   card  is  i l l u s t r a t e d   by  Figure  4  and  c o n s i s t s   of  a  
double  s ided  p r i n t e d   c i r c u i t   board  having  v e r t i c a l   input  t r a c k s  

on  one  side  and  h o r i z o n t a l   output  t r acks   on  the  o the r   c o n n e c t e d  

to  input   and  output   pins  r e s p e c t i v e l y .  

Each  input   pin  of  the  matr ix   card  is  wired  to  an  i n -  

d i v i d u a l   input   s l o t   in  the  rack.  Each  output   of  the .  mat r ix   c a r d  

is  connected  to  two  p ins ;   one  pin  is  wired  to  an  output  s lo t   i n  

the  module;  the  o ther   pin  may  be  wired  to  the  a p p r o p r i a t e   c h a n n e l  

on  an  i n t e r - t r i p   card  as  desc r ibed   h e r e i n a f t e r .  

The  output   of  each  pr imary  card  is  connected  to  an  i n p u t  

pin  of  the  mat r ix   card  and  the  input   to  each  secondary  card  i s  

taken  from  an  output   pin  of  the  matr ix   card.   Holes  are  d r i l l e d   i n  

the  board  to  allow  c o n n e c t i o n s ,   v ia   d iodes ,   to  be  made  between  i n -  

put  t r acks   and  output   t r a c k s .   Where  i t   is  d e s i r e d   tha t   a  p a r t i c u l a r  

input   should,   when  t r i p p e d ,   provide  a  t r i p   s igna l   to  any  p a r t i c u l a r  

secondary  card,   a  diode  is  connec ted  be tween   the  r e s p e c t i v e   i n p u t  
and  output  t r a cks   of  the  matrix  card  where  they  i n t e r s e c t .   Thus 



in  the  example  shown  in  Figure  4,  t h r ee   inpu t s   A -  C  and  t h r e e  

ou tpu ts   D -  F  are  shown.  I t   is  d e s i r e d   tha t   a  s i gna l   from  i n p u t  

A  p rov ides   a  s i gna l   to  output  E,  tha t   a  s i g m d   from  input   B  a l s o  

p rov ides   a  signal.  to  output   E,  and  tha t   a  s i g n a l   from  input   C 

p rov ides   a  s i g n a l   to  both  ou tputs   D  and  F.  Diodes  are  thus  c o n -  

nec t ed   between  t r a c k s   A  and  E,  B  and  E,  C  and  D,  and  C  and  F .  

Thus  the  s o l e n o i d   o p e r a t e d   by  output   E  wi l l   ope ra t e   i f   a  t r i p  

s i gna l   is  produced  by  e i t h e r   of  inpu t s   A  and  B  while  the  s o l e n o i d s  

ope ra t ed   by  ou tpu t s   D  and  F  wi l l   both  opera te   i f   a  t r i p   s i gna l   i s  

given  by  input   C.  

SECONDARY  CARD  TRIP  CIRCUIT 

The  secondary   card  con ta in s   the  remainder   of  the  t r i p  

c i r c u i t   and  is  a r r anged   t o :  

(a)  To  l a t c h   ' o f f '   when  i t   r e c e i v e s   a  t r i p   s igna l   f r o m  

the  mat r ix   c a r d .  

(b)  To  l a t c h   ' o f f '   i f   i t s   output   cu r r en t   exceeds  a  c e r t a i n  

va lue ,   e .g .   5A  i n d i c a t i v e   of  a  shor t   c i r c u i t   in  t h e  

output   f i e l d   c i r c u i t .  

(c)  To  su rv ive   an  i n t e r r u p t i o n   of  supply  v o l t a g e   for   up  t o  

e .g .   250  ms  but  then  to  l a t c h   ' o f f '   i f   the  i n t e r r u p -  

t i o n   c o n t i n u e s ,   and  remain  l a t c h e d   ' o f f '   when  t h e  

supply  is  r e s t o r e d .  

(d)  To  remain  l a t c h e d   ' o f f '   when  the  secondary  card  i s  

i n s e r t e d   into  the  r a c k .  

(e)  To  l a t c h   'on'   only  when  i t   r e c e i v e s   a  f l e e t i n g   s i g n a l  

from  i t s   r e s e t   swi tch  and  the re   is  no  t r i p   s i g n a l  

from  the  matr ix   c a r d .  

The  c i r c u i t   is  shown  in  Figure   5.  The  l a t c h i n g   a c t i o n  

is  p rovided   by  means  of  a  t h y r i s t o r   T5.  The  t r i p   s igna l   r e c e i v e d  

by  the  input   of  the  secondary  card  via  the  matr ix   card  from  t h e  

output   of  a  p r imary   card  is  a  r e d u c t i o n   in  the  v o l t a g e ,   n o r m a l l y  

to  a  value  of  l e s s   than  2  v o l t s ,   from  the  normal,   i . e .   n o n - t r i p p e d ,  

l i n e   v o l t a g e .   The  input   to  the  secondary  card  i nc ludes   an  i n p u t  

f i l t e r   R13,  C3,  R14,  C4  which  r e q u i r e s   the  input   s igna l   to  p e r s i s t  

for   nominal ly   5  ms  be fore   the  card  l a t c h e s   ' o f f o   The  input   f i l t e r  



immunity  aga ins t   spur ious   e l e c t r i c a l   s i g n a l s .  

As  the  f i l t e r   c a p a c i t o r s   C3,  04  are  charged,   the  v o l t a g e  

at  the  j u n c t i o n   of  R14  and  R15  drops  with  r e s p e c t   to  the  +V  r a i l .  

When,  t h i s   vo l t age   reaches   10  vo l t s   below  the  supply  v o l t a g e ,  

zener   diode  Z3  conducts   and  cu r r en t   f l o w s   through  R 1 5 .  A s   t h e  

v o l t a g e   at  the  j u n c t i o n   of  R14  and  R15  drops  f u r t h e r ,   the  c u r -  

r en t   through  R15  i n c r e a s e s   caus ing   the  v o l t a g e   at  the  j u n c t i o n  

of  R19  and  the  base  of  t r a n s i s t o r   T4  to  f a l l   u n t i l   t r a n s i s t o r   T4 

c o n d u c t s .  

T4  dr ives   c u r r e n t   in to   the  Rl6,  C5  f i l t e r   at  the  g a t e  

of  t h y r i s t o r   T5  which  switches   on.  This  f i l t e r   at  the  gate  i s  

to  p revent   f i r i n g   of  the   t h y r i s t o r   by  spur ious   e l e c t r i c a l   s i g n a l s .  

T5  conduc t ing   clamps  the  base  of  t r a n s i s t o r   T6  to  0  v o l t s  

and  T6  swi tches   o f f .   This  removes  the  base  d r ive   to  t r a n s i s t o r   T7 

which  also  swi tches   o f f .   This  removes  the  base  d r ive   from  the  o u t -  

put  t r a n s i s t o r   T8  which,  in  tu rn ,   switches   off   and  d e - e n e r g i s e s  

the  output   to  the  output   f i e l d   c i r c u i t   c o n t a i n i n g   so l eno id   SV.  T7 

s w i t c h i n g   off   a lso  ' s t a r v e s '   t h y r i s t o r   T5  of  ho ld ing   cu r r en t   t h e r e -  

by  swi t ch ing   i t   o f f .  

The  c i r c u i t   is  now  in  a  s t ab l e   l a t c h e d   ' o f f   c o n d i t i o n .  

Removal  of  the  t r i p   input   s igna l   wil l   only  remove  the  gate  s i g n a l  

to  t h r y i s t o r   T5;  t h i s   has  no  e f f e c t   as  T5  has  swi tched  off  due 

to  lack  of  ho ld ing   c u r r e n t .  

To  p r o v i d e  a   l a t c h   ' o f f '   when  an  exces s ive   cu r r en t   p a s s e s  
through  the  output   f i e l d   c i r c u i t ,   two  1  ohm  r e s i s t a n c e s   R17,  R18 

are  connected  in  p a r a l l e l   to  p rovide   a  r e s i s t a n c e   Rp  of  a b o u t  

0.5  ohm  in  l i ne   with  the  output  of  t r a n s i s t o r   T 8 .  A s   the  c u r r e n t  

through  the  output   f i e l d   c i r c u i t ,   and  hence  through  T8  i n c r e a s e s ,  
the  p .d   across   Rp  ( i . e .   R17,  R18)  i n c r e a s e s   which  causes  the  v o l t -  

age  a t  t h e   base  of  T8  to  d r o p .  

As  the  p .d   across   Rp  i n c r e a s e s ,   cu r r en t   wi l l   s t a r t   t o  

flow  thxough  R19,  Z4,  Dl,  u n t i l   T4  is  switched  on.  This  c a u s e s  
the  output  to  l a t c h   ' o f f   in  the  same  way  as  would  a  t r i p   i n p u t  

s i g n a l .  

In  the  event  of  the  output  being  shor t   c i r c u i t e d ,   C6 



l i m i t s   the  r a t e   of  r i s e   of  c u r r e n t   through  T8  by  d i v e r t i n g   i t s  

base  c u r r e n t   as  the  vo l t age   at  the  base  of  T8  f a l l s .   This  c o n -  

t i n u e s   u n t i l   T8  cu r r en t   reaches   5  amps;  Dl,  Z4  and  T4  t h e n  

conduct   enough  to  swi tch   on  T5  on  the  output   is  l a t c h e d   ' o f f  

in  the  usual   way.  The  time  delay  in  t h i s   mode  is  about  250 -   300 

micro  seconds;  t h i s   is  long  enough,  to  p reven t   spur ious   o p e r a t i o n  

of  the  o v e r c u r r e n t   t r i p ,   but  w i l l   not  dr ive   T8  in to   the  s e c o n d a r y  

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

To  p rov ide   for   i n t e r r u p t i o n   in  the  power  supply,   C7  p r o -  

v ides   base  cu r ren t   to  hold  T6  switched  on  i f   the  supply  is  i n t e r -  

r u p t e d .   C7  is  s ized   to  allow  for   an  i n t e r r u p t i o n   of  250  ms;  i f  

the  supply  i n t e r r u p t i o n   l a s t s   longer   than  t h i s ,   C7  wi l l   become 

d i s c h a r g e d   and  T7,  T6  wi l l   swi tch   " o f f " ,   caus ing   l a t c h i n g   " o f f " .  

If  power  r e t u r n s   wi th in   the  250  ms  delay,   T6  would  

remain  swi tched  on  and  would  r e s e t   T7  and  T8  as  d e s c r i b e d   h e r e -  

i n a f t e r .  

If   the  output   from  the  secondary  card  has  been  t r i p p e d ,  

i t   is  nece s sa ry   to  r e s e t   the  t r i p   s y s t e m .  

When  the  r e s e t   swi tch   RS  c o n t a c t s   (normal ly   c losed)   a r e  

opened,  C8  is  charged  v ia   f i e l d   e f f e c t   t r a n s i s t o r   T9  and  p r o v i d e s  

a  s i g n a l   to  the  base  of  T6  which  s t a r t s   to  conduct .   T 6  c o n d u c t i n g  

p r o v i d e s   base  dr ive  to  T7  which  swi t ch ing   on  p rov ides   base  d r i v e  

to  T8  and  feedback  to  T6.  Thus  T7,  T6  form  a  p o s i t i v e   f e e d b a c k  

loop  and  r a p i d l y   l a t c h   themselves   on.  T8  then  has  a  c o n t i n u o u s  

base  dr ive   and  the  output   is  l a t c h e d   ' o n ' .  

Once  C8  is  f u l l y   charged,   no  f u r t h e r   s i g n a l   can  be  c o u p l e d  

th rough   i t   to  T6;  thus  the  r e s e t   switch  must  be  c losed   again  b e f o r e  

i t   can  r e - o p e r a t e .   This  ensures   t h a t ,   i f   the  r e s e t   swi tch   or  i t s  

c o n n e c t i o n s   has  gone  open  c i r c u i t ,   r e s e t   wi l l   not  a u t o m a t i c a l l y  

occur   when  the  t r i p   s igna l   tha t   causes  l a t c h i n g   ' o f f   is  removed.  

If   the  secondary  card  is  l a t c h e d   'on'   and  the  r e s e t  

swi t ch   is  opera ted ,   the re   is  no  e f f ec t   s ince  T6  is  a l ready   switched  on .  
Reset  a c t i on   must  only  occur  when: 

(a)  the re   is  no  input   t r i p   s igna l   to  the  s e c o n d a r y  

card  a n d  



(b)  the  r e s e t   swi tch  is  o p e r a t e d .  

If  the re   is  an  input   t r i p   s i g n a l ,   T5  conducts  and  p r even t s   t h i s  

r e se t   a c t i o n .  

I f   an  output   is  l a t c h e d   ' o f f '  i t   is  impor tant   t ha t   t h e  

output  is  not  la tched 'on '  whenever   a  card  tha t   has  been  r emoved ,  

e.go  for   r ep lacement   i f   f a u l t y ,   is  i n s e r t e d   into  the  r a c k .   L a t c h -  

ing  'on'  under   t h e s e   c i r cums tances   is  p r even t ed   by  means  of  t h e  

f i e l d - e f f e c t   t r a n s i s t o r   T9  which  causes  the  50  vo l t s   supply  o n l y  

to  be  a p p l i e d   slowly  to  the  normal ly   c losed   r e s e t   switch  RS  at  a  

r a t e   de te rmined   by  R20  and  C9. 

Should  the  r e s e t   swi tch  RS,  or  i t s   cab l ing ,   be  f a u l t y ,  

or  the  board  connec t ion   to  the  swi tch   RS  not  make  u n t i l   a f t e r   t h e  

0  vo l t s   and  50  vo l t s   c o n n e c t i o n s ,   t h i s   s low.  r i se   of  the  50  v o l t s  

is  i n s u f f i c i e n t   to  couple  through  C8  to  the  base  of  T6  and  l a t c h  

'on'  the  o u t p u t .  

L ikewise ,   should  the  f a u l t y   cab l ing   or  switch  be  accom- 

panied  by  a  power  f a i l u r e   of  1  second  or  more  du ra t i on ,   r e - e s t a b -  

l i shment   of  the  power  does  not  r e s e t   the  output  l a t c h .  

Also  i n c o r p o r a t e d   on  t h e  s e c o n d a r y   card  the re   may  be  a  

so l eno id   t e s t   c i r c u i t   which  is  d e s c r i b e d   in  pa t en t   a p p l i c a t i o n  

f i l e d   on  the  same  day  as  t h i s   a p p l i c a t i o n   b e a r i n g   t h e  

r e f e r e n c e   B  31785  and  c la iming   p r i o r i t y   from  UK  pa ten t   a p p l i c a t i o n  

8111143.  To  p rov ide   for   t h i s   f a c i l i t y   r e l ay   con tac t s   RL  a c t u a t e d  

by  the  t e s t   c i r c u i t   are  p rov ided   to  connect  the  base  of  T8  to  t h e  

l i ne   v o l t a g e ,   thus  dep r iv ing   T8  of  base  dr ive  and  so  s w i t c h i n g  

T8  o f f .  

INTER-TRIP  CARDS 

As  mentioned  h e r e i n b e f o r e ,   in  a d d i t i o n   to  p r imary ,  

secondary,   and  matr ix   cards ,   t he re   may  also  be  i n t e r - t r i p   c a r d s .  

In  any  system  there   is  a  l i m i t ,   p r e s e n t e d   by  the  number  of  i n p u t  

and  output  t r a cks   on  a  matr ix   card,   on  the  number  of  p r i m a r y  

cards  tha t   can  be  coupled  to  secondary  cards ,   and  vice  v e r s a .  

I n t e r - t r i p   cards  may  be  p rovided   to  enable  a  t r i p   s igna l   f rom 

an  output  of  a  matr ix   card  to  be  used  as  a  t r i p   s igna l   for  t h e  

input  of  ano ther   primary  card  connected ,   for   example,  v i a   a n o t h e r  



matr ix   card,   to  f u r t h e r   secondary   c a r d s .  

This  ar rangement   is  shown  in  Figure  6.  Pr imary  card  1 ,  

and /or   o the r   pr imary  ca rds ,   d r ive s   secondary  ca rd   2  v ia   the  m a t r i x  

card  3;  the  dr ive   to  secondary   card  2  is  also  connec ted   via  t h e  

i n t e r - t r i p   card  4  to  pr imary   card  5 .  

In  normal  o p e r a t i o n ,   the  drive  to  secondary   card  2  a n d  

the  input   to  the  i n t e r - t r i p   card  4  are  high,  s ince   the  t r a n s i s t o r  

T3  on  the  pr imary  ca rd  1   is  o f f .   Thus  base  c u r r e n t   is  fed  t o  

t r a n s i s t o r   T10  via   R21  and  R22.  T10  is  connected  to  the  p o s i t i v e  

and  n e g a t i v e   power  r a i l s   by  the  input   r e s i s t o r s   Rl,  R3  of  p r i m a r y  

card  5  and  thus  a  complete  c i r c u i t   is  formed.  T10  is  s w i t c h e d  

hard  on  by  the  base  dr ive   th rough  R21  and  R22,  and  ac ts   as  a  

c losed   swi tch   across   the  input   t e r m i n a l s   of  pr imary   card  5 .  

T r a n s i s t o r   T3  on  p r imary   card  I  s w i t c h i n g   on  p u l l s   t h e  

input   to  the  i n t e r - t r i p   card  4  low  via   the  a p p r o p r i a t e   m a t r i x  

diode  D2,  and  so  the  v o l t a g e   at  the  i n t e r s e c t i o n   of  R21  and  R 2 2  

drops  to  about  2.5  v o l t s ,   which  is  lower  than  the  v o l t a g e   at  t h e  

junc tuon   of  T10  and  R3  of  pr imary   card  5.  T r a n s i s t o r   T10  is  t h u s  

swi tched   o f f .   T10  thus  acts   as  open  con tac t s   fo r   p r imary   card  5 

and  al lows  i t s   o p t o - c o u p l e r   LED  L1  to  conduct.   This  ma in ta ins   t h e  

v o l t a g e   at  the  j u n c t i o n   of  T10  and  R3  of  pr imary  card  5  at  a b o u t  

7  v o l t s   and  thus  ensures  tha t   T10  is  held  swi tched  o f f .   Diode  D3 

p r o t e c t s   the  b a s e - e m i t t e r   of  T10  from  excess ive   r e v e r s e   v o l t a g e .  

Since  the  input   of  the  i n t e r - t r i p   card  4  is  connected  t o  

the  input   o f  t h e   secondary  card  2,  diode  D4  is  p r o v i d e d   to  i s o l a t e  

the  cards  when  the  dr ive   to  secondary  card  2  is  h igh ,   i . e .   when 

the re   is  no  t r i p   s igna l   fed  from  primary  card  1 .  

I n t e r - t r i p   cards  may  also  be  employed  to  enable   a  t r i p  

s i gna l   from  the  output   of  a  secondary   card  to  be  used  as  a  t r i p  

s i g n a l ,   o f t en   via  a  time  delay,   for   another   pr imary  card:   in  t h i s  

way  two  so l eno id   valves   can  be  d e - e n e r g i s e d ,   the  second  a  set  t i m e  

i n t e r v a l   a f t e r   the  f i r s t .   This  can  be  achieved  by  us ing   the  i n t e r -  

t r i p   card  as  shown  in  F i g u r e   7.  The  output  dr ive   to  the  f i r s t  

s o l e n o i d   valve  SV  is  taken  from  secondary  card  6,  v ia   the  i n t e r -  

t r i p   card  7,  to  a  pr imary  card  8  which  c a r r i e s   the  t imer   o p t i o n  



p r e v i o u s l y   de sc r i bed   with  r e f e r e n c e   to  Figure   3.  A  f u r t h e r  

secondary   card,   a c t u a t e d   by  primary  card  8,  then  d e - e n e r g i s e s  

the  second  so leno id   valve  a f t e r   the  time  i n t e r v a l   set  on  t h e  

t imer .   This  takes   advantage   of  the  l a t c h i n g   a c t i o n   of  the  f i r s t  

secondary   card  6  to  p r even t   the  t imer   being  r e s e t   by  the  i n i t i a t -  

ing  c o n t a c t s ,   here  p rov ided   by  the  i n t e r - t r i p   card  7  d r iven   by  

secondary   card  6,  c l o s i n g .   In  t h i s   form  of  the  i n t e r - t r i p   c a r d  

a  r e s i s t o r ,   R23,  r e p l a c e s   diode  D4,  and  R21  is  removed.  Wi th  

the  s o l e n o i d   valve  e n e r g i s e d ,   the  base  drive  to  T10  is  s u p p l i e d  

v ia   T8  on  the  secondary  card  6 .  

D e - e n e r g i s i n g   the  so leno id   valve  SV,  i . e .   t r i p p i n g   o f  

secondary   card  6,  removes  the  base  dr ive  to  T10  and  the  c i r c u i t  

f u n c t i o n s   as  de sc r ibed   a b o v e .  

PRIMARY  CARD  FIELD  CIRCUIT  MONITORING 

The  m o n i t o r i n g   c i r c u i t s   on  both  pr imary  and  s e c o n d a r y  

cards  invo lve   the  use  of  b r idge   c i r c u i t s   with  a  v o l t a g e   c o m p a r a t o r  

' l o o k i n g '   at  the  corners   of  the  b r i d g e .   The  use  of  a  b r idge   i s  

d e s i r a b l e   to  minimise  the  e f f e c t   of  f l u c t u a t i o n s   in  the  s u p p l y  

v o l t a g e .  

The  comparator   is  well  b u f f e r e d   i . e .   s u b s t a n t i a l l y  i s o -  

l a t e d   from  the  main  t r i p   c i r c u i t s ,   by  us ing  l a rge   value  i n p u t  

r e s i s t o r s :   t h i s   is  to  p reven t   any  f a u l t   in  the  m o n i t o r i n g   c i r c u i t s  

from  a f f e c t i n g   the  c o r r e c t   o p e r a t i o n   of  the  t r i p   c i r c u i t .  

Each  pr imary  card  is  p rovided   with  a  number  of  m o n i t o r -  

ing  c i r c u i t s ,   e a c h . g e n e r a l l y   of  the  type  shown  in  F igure   8,  t a k i n g  

a  m o n i t o r i n g   vo l t age   from  a  de s i r ed   p o s i t i o n   in  the  c i r c u i t   o f  

F igure   1,  via  a  high  r e s i s t a n c e   R24,  to  a  vo l t age   comparator   VC2 

wherein  i t   is  compared,  v ia   a  r e s i s t a n c e   R25,  with  r e f e r e n c e   v o l t -  

age  ob ta ined   from  a  p o t e n t i a l   d i v i d e r   R26m,  R26n.  Under  no rma l  

o p e r a t i n g   c o n d i t i o n s ,   the  output   from  the  comparator   VC2  is  low,  
below  the  t h r e s h o l d   v o l t a g e   of  zener  diode  Z5  and  so  t r a n s i s t o r  

Tll   has  no  base  d r ive .   A  change  in  i n p u t  c o n d i t i o n s   caus ing   t h e  

comparator VC2  to  switch  over  causes  t r a n s i s t o r   T11  to  switch  on .  
This  allows  cu r ren t   to  flow  through  the  LED  L3  which  l i g h t s   and  

through  i s o l a t i n g   diode  D5  from  any  ext ra   ou tpu t s ,   e .g .   alarm  b e l l s .  



In  F igure   9  the  input  f i e l d   c i r c u i t   m o n i t o r i n g   c i r c u i t s  

on  the  pr imary  card  are  shown  in  more  d e t a i l .  

The  f i e l d   wi r ing   has  a  r e s i s t a n c e   and  opening  or  c l o s i n g  

of  the  i n i t i a t i n g   c o n t a c t s ,   or  f a u l t s   in  the  f i e l d   c i r c u i t ,   i n  

e f f e c t   vary  the  f i e l d   c i r c u i t   r e s i s t a n c e .   In  F igure   9  t h e r e f o r e ,  

the  i n i t i a t i n g   c o n t a c t s   have  been  r e p l a c e d ,   for   ease  of  e x p l a n -  

a t i o n ,   by  a  r e s i s t a n c e   Rf  denot ing  the  f i e l d   c i r c u i t   r e s i s t a n c e .  

When  a  c u r r e n t   flows  through  the  f i e l d   w i r i n g / i n i t i a t i n g  

c o n t a c t   combina t ion ,   i . e .   when  there   is  no  t r i p   s i g n a l ,   a  p o t e n t i a l  

d i f f e r e n c e   w i l l   be  developed  across  the  input   to  the  pr imary  c a r d ,  

and,  because  of  R3,  between  the  inputs   and  ear th . .   T h e r e f o r e  

m o n i t o r i n g   the  p o t e n t i a l   d i f f e r e n c e   between  p o i n t s   A  and  B  and  b e -  

tween  po in t   B  and  e a r t h   (see  Figure  9)  enables   the  s t a t e ,   i . e .   t h e  

" h e a l t h "   of  the  input   f i e l d   c i r c u i t   to  be  m o n i t o r e d .  

The  p o t e n t i a l   d i f f e r e a c e   ac ross   the  i n p u t s ,   i . e .   b e t w e e n  

p o i n t s   A  and  B  is   moni to red   by  comparing  the  v o l t a g e   at  po in t   A 

wi th   r e f e r e n c e   v o l t a g e s   obta ined  from  p o t e n t i a l   d i v i d e r s   (R26a,  

E26b  +  R26c)  and (R26a  +  R26b,  R26c)  connected   between  the  p o s i t i v e  

r a i l   and  po in t   B.  

R26a  is  made  N  times  R2  (B1 -  see  Figure  1  -   is  much 

g r e a t e r   than  R2)  and  R26b  and  R26b  +  R26c  are  s e l e c t e d   to  be  N 

t imes  the  f i e l d   c i r c u i t   r e s i s t a n c e   l i m i t s   t ha t   are  i n d i c a t i v e  

of  normal ,   i . e .   n o n - t r i p p e d ,   r e s i s t a n c e   and  high,   but  not  o p e n -  

c i r c u i t ,   r e s i s t a n c e   r e s p e c t i v e l y .   R2  and  R26a  are  s e l e c t e d   so  

t h a t   R26a  is  much  g r e a t e r   than  R26b  + R26c.  Typ i ca l l y   a  n o r m a l ,  

n o n - t r i p p e d ,   f i e l d   r e s i s t a n c e   would  be  l e s s   than  30  ohms  which  i s  

a  nominal  value  c o r r e s p o n d i n g   to  approx ima te ly   50  m  of  0.75  sq  mm 

or  1000  m  of  1.5  sq  mm  cable .   However,  in  the  event  of  the  i n p u t  

f i e l d   c i r c u i t   r e s i s t a n c e   Rf  i n c r e a s i n g ,   e .g .   as  a  r e s u l t   of  h i g h  

c o n t a c t   r e s i s t a n c e   at  the  i n i t i a t i n g   c o n t a c t s ,   the  vo l t age   a t  

p o i n t   A  w i l l   r i s e .   The  vo l tage   Va  at  po in t   A  is  thus  compared,  

by  compara tor   VC2a  with  the  vo l tage   Vc  at  po in t   C  and,  by  com- 

p a r a t o r   VC2b  with  the  vo l tage   Vd  at  po in t   Do 

i f  V a  =   Vc 



and,  i f  V a  =   Vd 

Hence 

( i )   i f   Va  <  Vd,  the  output  of  comparator   VC2b  is  low,  c a u s i n g  

Tllb  to  remain  off ,   and  hence  LED  L3b  u n l i t ,   i n d i c a t i n g  

"normal"  f i e l d   r e s i s t a n c e   with  the  i n i t i a t i n g   c o n t a c t s  

c l o s e d .  

( i i )   i f   Vd  <  Va  <Vc,   the  output  of  VC2b  is  high,  caus ing   LED 

L3b  to  l i g h t ,   but  the  output   of  VC2a  is  low.  

This  is  i n d i c a t i v e   of  high,   but  not  open  c i r c u i t ,   input  f i e l d  

c i r c u i t   r e s i s t a n c e .  

( i i i )   if   Va>  Vc,  the  outputs   of  both  VC2a  and  'VC2b  are  h i g h ,  

i n d i c a t i v e   tha t   the  input  f i e l d   c i r c u i t   r e s i s t a n c e   i s  

above  a  p r ede t e rmined   l eve l   assumed,  for   m o n i t o r i n g  

pu rposes ,   to  denote  tha t   the  i n i t i a t i n g   con tac t s   h a v e  

opened.  Since,  in  th i s   case,  i t   is  de s i r ed   tha t   o n l y  

L3a  l i g h t s ,   diode  D6a  is  p rov ided   to  d ive r t   the  " h i g h "  

output   of  VC2b  to  the  c o l l e c t o r   of  the  c o n d u c t i n g  

t r a n s i s t o r   Tl la   so  tha t   the  t h r e s h o l d   vo l t age   of  z e n e r  

diode  Z5b  is  not  reached,   and  so  t r a n s i s t o r   Tllb  does 

not  c o n d u c t .  

Any  shunt  r e s i s t a n c e   to  ground,  i . e .   ear th   leakage ,   w i l l  

cause  a  lower  p .d .   between  the  i n i t i a t i n g   con t ac t s   and  e a r t h ,  a n d  

consequen t ly   between  po in t   B  and  ea r th .   A  mon i to r ing   c i r c u i t   i s  

thus  p rovided   to  compare  the  vo l tage   at  po in t   B  with  tha t   at  p o i n t  

E  c r ea t ed   by  the  p o t e n t i a l   d iv ide r   R26d  +  R26e  and  R26f.  The  com- 

p a r a t o r   VC2d  of  t h i s   mon i to r ing   c i r c u i t   is  a r ranged  to  chauge  

s t a t e   to  a  high  ou tpu t ,   caus ing  L3d  to  l i g h t   when  an  ea r th   l e a k a g e  

e q u i v a l e n t   to  a  shunt  r e s i s t a n c e   of,  for   example  15  kohms  a p p e a r s  
between  point   B  and  e a r th .   This  gives  adequate  warning  as  a  t r i p  

wi l l   not  be  p r even t ed ,   i f   s u i t a b l e   values   are  chosen  for  R2  and 

R3,  u n t i l   a  much  lower  shunt  r e s i s t a n c e ,   e .g.   250  ohms,  ha s  

d e v e l o p e d .  

When  the  i n i t i a t i n g   con tac t s   open,  the  vo l tage   at  point   B 



w i l l   also  drop,  caus ing   compara tor   VC2d  to  give  a  "high"  o u t p u t .  

S ince ,   in  t h i s   case,   i t   is  not  d e s i r e d   t ha t   the  " e a r t h   l e a k a g e "  

LED,  L3d  should  l i g h t ,   the  "high"  output   of  'VC2d  is  d i v e r t e d   b y  

diode  D6c  to  the  c o l l e c t o r   of  T l l a   which  wi l l   be  conduc t ing   i f  

the  i n i t i a t i n g   con tac t s   are  open.  Hence  Tlld  is  p r e v e n t e d   f r o m  

c o n d u c t i n g .  

The  input   c i r c u i t   is  not   comple te ly   immune  to  h i g h  

common  mode  vo l t age   (CMV)  and  warning   of  the  onset  of  t h i s   i s  

p r o v i d e d .   In  normal  o p e r a t i o n   p o i n t   B  is  he ld   at  a  s u i t a b l e  

v o l t a g e ,   e .g .   about  8  v o l t s ,   above  ground  p o t e n t i a l   by  R3.  A 

"High  Vol tage"   mon i to r ing   c i r c u i t   t h e r e f o r e   compares  the  v o l t a g e  

at   po in t   B  with  the  vo l tage   at  p o i n t   F  c r e a t e d   by  the  p o t e n t i a l  

d i v i d e r   R26d  and  R26e  +  R26f.  The  compara tor   VC2c  of  t h i s   c i r c u i t  

g ives   a  "high"  output ,   caus ing   L3c  to  l i g h t ,   at  a  p o s i t i v e   CMV  o f  

g r e a t e r   than  about  4  vo l t s   with  r e s p e c t   to  p o i n t  B .   The  ' E a r t h  

Leakage '   compara tor   can  also  d e t e c t   a  n e g a t i v e   CMV  of  g r e a t e r  

than  about  0.5  v o l t s   with  r e s p e c t   to  p o i n t  B .  A C   CMV  g r e a t e r  

than   about  4  vo l t s   p e a k - t o - p e a k   would  cause  both  LEDs  L3c  and  L3d 

to  be  l i t .   A  p o s i t i v e   CMV  a p p l i e d   to  the  input   f i e l d   c i r c u i t   w i l l  

a l so   cause  the  vo l tage   at  po in t   A  to  i n c r e a s e   which  could  c a u s e  

compara to r   VC2b,  to  give  a  h i g h   ou tpu t .   Hence,  to  avoid  the  " h i g h .  

r e s i s t a n c e "   LED  L3b  l i g h t i n g ,   the  "high"  output   of  comparator   'VC2b 

is  d i v e r t e d ,   via  diode  D6b,  to  the  c o l l e c t o r   of  t r a n s i s t o r   T l l c  

which  w i l l   be  c o n d u c t i n g  i f   a  CMV  is  p r e s e n t .   Tllb  is  thus  d i s a b l e d .  

When  the  c i r c u i t   is  o p e r a t i n g   normal ly   with  no  t r i p s ,   t h e  

base  of  the  output   t r a n s i s t o r   (T3  Figure   1)  is  held  at  ground.  When 

a  t r i p   occurs ,   cu r r en t   is  fed  i n to   the  base  and  i t   r i s e s   above  

ground  p o t e n t i a l .   This  change  is  used  to  switch  a  c o m p a r a t o r  

c i r c u i t   of  the  type  shown  in  F igure   8  m o n i t o r i u g   the  v o l t a g e   a t  

p o i n t   G  to  i l l u m i n a t e   a  "Trip  ou tpu t"   LED. 

When  the  defeat   swi tch  DS  is  opened,  the  output   t r a n s i s t o r  

T3  is  no  longer   connected  to  ground  via  the  i s o l a t i n g   diode  and  t h e  

d e f e a t   swi tch   DS  and  so  the  cathode  of  the  diode  is  p u l l e d   to  50 

v o l t s .   This  change  is  used  to  swi t ch   a  comparator   c i r c u i t   of  t h e  

type  shown  in  Figure  8  mon i to r ing   the  v o l t a g e   at  point   H  and  h e n c e  



i l l u m i n a t e   a  "Defeat"  LED.  As  mentioned  h e r e i n b e f o r e ,   a  s e p a r a t e  

c i r c u i t ,   as  shown  in  F igure   1,  is  used  to  p rov ide   an  LED,  L2,  

i n d i c a t i o n   a l ongs ide   the  Defeat  Switch  DS  which  may  be  remote  f r o m  

the  p r imary   c a r d .  

SECONDARY  CARD  MONITORING 

The  m o n i t o r i n g   c i r c u i t s   for   " t r i p   input"   and  "high"  a n d  

"low"  c u r r e n t   in  the  output   f i e l d   c i r c u i t   are  shown  in  F igures   10 

and  11  and  are  analogous  to  those   of  the  pr imary   card  but  compare  
the  moni to red   vo l t age   with  a  r e f e r e n c e   vo l t age   given  by  a  p o t e n t i a l  

d i v i d e r   (R27,  R28  Figure   10)  or  (R27,  R28  +  R29  or  R27  +  R28,  R29 

Figure   11)  by  a  vo l t age   comparator   VC3.  However  s ince  the  com- 

p a r i s o n s   are  made  with  r e s p e c t  t o   the  p o s i t i v e   vo l t s   r a i l ,   a  l ow  

output   from  the  comparator   VC3  causes  a  t r a n s i s t o r   T12  to  c o n d u c t  

which  thus  s u p p l i e s .  b a s e   dr ive   to  a  second  t r a n s i s t o r  T l 3   to  c a u s e  

the  l a t t e r   to  conduct ,   thus  i l l u m i n a t i n g   LED  L4.  

The  output   s igna l   from  the  matr ix   card  is  moni to red   a t  

po in t   J  (F igure   5)  by  a  m o n i t o r i n g   c i r c u i t   of  the  type  shown  i n  

Figure   10.  The  LED  L4  remains  l i t   for   as  long  as  t he re   is  s u c h  

an  input   s i g n a l   to  the  secondary  card,   e .g.   for   as  long  as  t h e  

i n i t i a t i n g   c o n t a c t s   caus ing   the  t r i p   s igna l   on  the  a s s o c i a t e d  

pr imary   card  remain  o p e n .  

The  mon i to r ing   c i r c u i t   of  Figure  11  is  used  to  d e t e c t  

"high"  and  "low"  cu r r en t   through  the  output  f i e l d   c i r c u i t ,   i . e .  

th rough  s o l e n o i d   valve  SV.  This  c u r r e n t   passes   through  t h e  

r e s i s t a n c e   Rp.  The  p .d .   across   Rp,  i . e .   at  the  po in t   K  (F igure   5 )  

is  moni to red   by  the  c i r c u i t   shown  in  Figure  11  us ing   r e f e r e n c e  

v o l t a g e s ,   ob ta ined   via  p o t e n t i a l   d i v i d e r   R27,  R28,  R29  which  a r e  

p r e s e t   to  su i t   the  normal  load  cu r r en t   of  the  so l eno id   valve  SV. 

Comparator  VC3a,  l i g h t s   i t s   LED  L4a  when  the  cu r r en t   through  Rp  i s  

low  while  LED  L4b  is  l e t   when  the  cu r r en t   through  Rp  is  h i g h .  

When  the  c u r r e n t   through  Rp  is  normal,   i . e .   between  the  " h i g h "  

and  "low"  l i m i t s ,   n e i t h e r   L4a  nor  L4b  is  l i t .  

The  response   of  a  secondary  card  to  a  t r i p   s igna l   is  t o  

d e - e n e r g i s e   the  so leno id   valve  SV.  When  t h i s   happens  the  p o t e n t i a l  

across   the  so leno id   valve  S7  drops  to  zero.   This  p o t e n t i a l   i s  



moni tored   at  po in t   L  (Figure   5)  by  a  comparator   c i r c u i t   of  t h e  

type  shown  in  Figure  8.  Zener  diode  Z6  (Figure  5)  is  p r e s e n t  

to  l i m i t   the  s igna l   to  the  compara tor   'VC2  of  t h i s   m o n i t o r i n g  

c i r c u i t .  

When  " t r i p p e d " ,   the  "low  c u r r e n t "   LED  L4a  would  a l s o  

l i g h t .   If   d e s i r e d   th i s   can  be  d i s a b l e d   via  a  diode  D7  c o n n e c t e d  

to  the  c o l l e c t o r   of  the  t r a n s i s t o r   Tll  of  the  c i r c u i t   m o n i t o r i n g  

" t r i p   output"   at  point   L.  Where  d i sab lement   of  LED  L4a-  is  n o t  

r e q u i r e d ,   zener  diode  Z6  can  be  o m i t t e d .  

A  c losed  r e s e t   swi tch   RS  holds  the  base  of  Tl4  ( s e e  

F igure   5)  near   ground.  Tl4  conducts   and  l i g h t s   LED  L5  when  t h e  

r e s e t   swi tch  or  i t s   a s s o c i a t e d   w i r ing   is  open  c i r c u i t .  

Thus  p r o v i s i o n   is  made  on  the  pr imary  cards  for  m o n i t o r -  

ing  the  f o l l o w i n g   "hea l th"   f a c t o r s   of  the  input   f i e l d   c i r c u i t .  

( i)   high  r e s i s t a n c e  

( i i )   open  c i r c u i t  

( i i i )   e a r t h   l e a k a g e  

(iv)   high  common  mode  v o l t a g e .  

Also  moni tored   on  the  pr imary   card  a r e  

(v)  t r i p   o u t p u t  

(vi)   open  " d e f e a t "   s w i t c h .  

On  the  secondary  card,  p r o v i s i o n   is  made  for   m o n i t o r i n g   the  f o l l o w -  

ing  "hea l th"   f a c t o r s   of  the  output   f i e l d   c i r c u i t  

( v i i )   high  c u r r e n t ,   i . e .   low  r e s i s t a n c e  

( v i i i ) l o w   c u r r e n t ,   i . e .   high  r e s i s t a n c e  

Also  moni tored   on  the  secondary  card  a r e  

(ix)  t r i p   i n p u t  

(x)  t r i p   o u t p u t  

(xi)   open  c i r c u i t   r e s e t   c i r c u i t .  

In  the  system  d e s c r i b e d   h e r e i n b e f o r e ,   the  t r i p   s y s t e m .  

is  of  the  f a i l - s a f e   type  where  a  cu r r en t   flows  through  the  i n p u t  

f i e l d   and  output   f i e l d   c i r c u i t s   i n  t h e   n o n - t r i p p e d   c o n d i t i o n ,   and ,  

on  t r i p p i n g ,   these  c u r r e n t s   d e c r e a s e ,   g e n e r a l l y   to  z e r o .  

In  some  cases  however  i t   may  be  n e c e s s a r y   to  use  an  i n p u t  

f i e l d   c i r c u i t   having  normal ly   open  c o n t a c t s ,   i . e .   having  z e r o  



c u r r e n t ' i n   the  n o n - t r i p p e d   c o n d i t i o n .  

In  F igure   12  the re   is  shown  a  m o d i f i c a t i o n   of  t h e  

pr imary   card  c i r c u i t   tha t   can  be  employed  in  such  cases .   On 

t r i p p i n g ,   the  i n i t i a t i n g   c o n t a c t s   IC  c lose ,   s h o r t i n g   R30,  and  

so  caus ing   the  vo l t age   at  po in t   B  to  i n c r e a s e .   This  v o l t a g e  

i n c r e a s e   can  be  used  to  gene ra t e   the  t r i p   s igna l   fed  to  t h e  

o p t o - c o u p l e r   L1.  Again  the  " h e a l t h "   of  the  input   f i e l d   c i r c u i t  

can  be  moni tored   by  m o n i t o r i n g   the  vo l t ages   at  p o i n t s   A  a n d  B .  

In  t h i s   case  however  low  input   f i e l d   c i r c u i t   r e s i s t a n c e   can  b e  

moni to red ,   as  well  as  e a r th   l eakage   and  CMV. 

S i m i l a r l y   the  secondary  card  c i r c u i t r y   can  be  m o d i f i e d ,  

fo r   example  as  shown  in  F igure   13,  to  provide   for   e n e r g i s i n g   t h e  

output   f i e l d   c i r c u i t   s o l e n o i d   SV  only  in  the  event  of  a  t r i p  

s i g n a l .   In  t h i s   m o d i f i c a t i o n ,   the  output   f i e l d   c i r c u i t   is  c o n -  
n e c t e d   in  p a r a l l e l   with  output   t r a n s i s t o r   T8.  and  an  a d d i t i o n a l  

r e s i s t a n c e   R31.  In  the  n o n - t r i p p e d   condi t ion  T8   conducts   and  

d i v e r t s   c u r r e n t   through  R31  so  t ha t   the  r e s i d u a l   c u r r e n t   t h r o u g h  
the  s o l e n o i d   SV  is  i n s u f f i c i e n t   to  ene rg i se   i t .   On  r e c e i p t   o f  a  

t r i p   s i gna l   T8  swi tches   off   so  removing  the  shunt  and  c a u s i n g  
the  so l eno id   SV  to  e n e r g i s e .  

Obviously,   because  of  the  need  to  make  R31  small  i n  

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

u n n e c e s s a r i l y   high  c u r r e n t s   through  T8,  R31,  t h i s   c i r c u i t   m o d i f i c -  
a t i o n   is  more  s u i t a b l e   for   output   f i e l d - c i r c u i t s   having  a  

r e l a t i v e l y   high  "normal"  r e s i s t a n c e .  

A l t e r n a t i v e l y   the  c i r c u i t   shown  in  F igure   14  could  b e  

used:  here  the  secondary  card  c i r c u i t   has  to  be  modi f ied   (by  

means  not  shown)  to  provide   t ha t   T8  is  non -conduc t i ng   in  the  n o n -  

t r i p p e d   c o n d i t i o n   and  swi tches   on  upon  r e c e i p t   of  a  t r i p   s i g n a l .  
When  T8  is  switched  on,  R32  is  shunted  thus  a l lowing   the  c u r r e n t  

in  the  output   f i e l d   c i r c u i t   to  i n c r e a s e   to  ene rg i se   the  so leno id   SV. 

Since,  in  the  n o n - t r i p p e d   s t a t e ,   some  r e s i d u a l   c u r r e n t  
flows  through  the  output   f i e l d   c i r c u i t   in  the  embodiments  of  F i g u r e s  
13  and  14,  mon i to r ing   the  v o l t a g e   at  point   K  enables  the  " h e a l t h "  

of  the  output  f i e l d   c i r c u i t   to  be  m o n i t o r e d .  



In  a  t r i p   system  having  a  p l u r a l i t y   of  input   a n d / o r  

ou tpu t   f i e l d   c i r c u i t s ,   i t   wi l l   be  a p p r e c i a t e d   tha t   some  can  b e  

of  the  f a i l - s a f e   type  while  o thers   may  be  of  the  type  w h e r e i n  

the  f i e l d   c i r c u i t   cu r r en t   i n c r e a s e s ,   or  only  f lows,   in  the  t r i p  

c o n d i t i o n .  

In  a  t r i p   system  employing  a  p l u r a l i t y   of  input   f i e l d  

c i r c u i t s   and /o r   a  p l u r a l i t y   of  output   f i e l d   c i r c u i t s ,   while  i t  

is  p r e f e r r e d   t ha t   in  each  input   f i e l d   c i r c u i t   at  l e a s t   the  r e s i s -  

t ance ,   and  p r e f e r a b l y   at  l e a s t   a lso  e a r t h   l eakage ,   are  m o n i t o r e d ,  

and  in  each  output   f i e l d   c i r c u i t   the  r e s i s t a n c e   is  moni tored ,   i t  

w i l l   be  a p p r e c i a t e d   t ha t   i t   may  not  always  be  n e c e s s a r y   to  m o n i t o r  

t he se   pa rame te r s   in  every  input  and /or   ou tput   f i e l d   c i r c u i t .   I n  

p a r t i c u l a r ,   where  a  f u r t h e r   input  " f i e l d   c i r c u i t "   is  formed  by  t h e  

ou tpu t   of  a  pr imary   or  secondary  card,   e .g .   where  " i n t e r - t r i p "  

cards   are  employed  as  de sc r ibed   above  in  r e l a t i o n   to  F igures   6 

and  7  or  d i r e c t l y   by  an  output  f i e l d   c i r c u i t ,   m o n i t o r i n g   of  t h e  

" h e a l t h "   of  t h i s   f u r t h e r   input   " f i e l d   c i r e u i t " m a y   not  be  n e c e s s a r y .  
Normally  one  side  of  the  output   f i e l d   c i r c u i t   w i l l   b e  

e a r t h e d ,   as  shown  in  Figure  5,  and  so  i t   is   not  neces sa ry   t o  

moni to r   the  output   f i e l d   c i r c u i t   for   e a r t h   l eakage .   -However, 

where  the  output   f i e l d   c i r c u i t   is  not  e a r t h e d ,   as  in  the  m o d i f i c -  

a t i o n   of  F igure   13,  but  is  ma in t a ined   at  a  p o t e n t i a l   above  e a r t h  

by  means  of  833,  e a r t h   leakage  can  be  moni to red   by  mon i to r ing   t h e  

v o l t a g e   at  po in t   L.  

The  t r i p   system  may  also  be  coupled   to  a  computer  i n  

which  a  model  of  the  whole  t r i p   system  is  c a r r i e d :   the  compu te r  

may  be  a r r anged   to  check  on  the  o p e r a t i o n   of  the  t r i p   system  b y  

f e e d i n g   a  s igna l   from  the  input  m o n i t o r i n g   c i r c u i t s   into  t h e  

model  and  comparing  the  ac tua l   moni tored   output   s i g n a l s   with  t h o s e  

p r e d i c t e d   by  the  computer  from  the  model  con t a ined   t h e r e i n .  



1.  Trip  appa ra tu s   for   o p e r a t i n g   a  device  when  a  m o n i t o r e d  

p a r a m e t e r   reaches   a  p r e d e t e r m i n e d   t r i p   value  c o m p r i s i n g  

( i )   input   means  for   connec t ion   to  an  input  f i e l d   c i r c u i t  

wh ich ,  t oge the r   with  sa id   input   means,  forms  an  i n -  

put  c i r c u i t   for   r e c e i p t   of  an  e l e c t r i c a l   i n p u t  

s igna l   from  means  m o n i t o r i n g   said  p a r a m e t e r ,  

( i i )   output   means  for   connec t ion   to  an  output  f i e l d  

c i r c u i t   which,  t o g e t h e r   with  said  o u t p u t  m e a n s ,  

forms  an  output   c i r c u i t   for   p r o v i d i n g   an  e l e c t -  

r i c a l   output   s i g n a l   to  sa id   device  which  i s  

a r ranged   to  o p e r a t e   when  the  output  s igna l   has  a  

p r e d e t e r m i n e d   t r i p   v a l u e ,  

( i i i )   means  to  change  the  output   s i gna l   to  i t s   t r i p   v a l u e  

when  sa id   input   s i g n a l   has  a  value  i n d i c a t i v e   t h a t  

the  moni tored   pa r ame te r   has  reached  i t s   p r e d e t e r -  

mined  t r i p   l e v e l ,  

( iv )   means  for   c o n t i n u o u s l y   mon i to r ing   at  l e a s t   one  o f  

(a)  the  p o t e n t i a l   d i f f e r e n c e   across  said  i n p u t  

means ,  
(b)  the  p o t e n t i a l   d i f f e r e n c e   between  sa id   i n p u t  

means  and  e a r t h ,  

(c)  the  p o t e n t i a l   d i f f e r e n c e   across   said  o u t p u t  

means ,  
(d)  the  p o t e n t i a l -   d i f f e r e n c e   between  said  o u t p u t  

means  and  e a r th ,   and  

(v)  means  r e s p o n s i v e   to  sa id   moni tored  p o t e n t i a l   d i f f e r e n c e  

to  provide   an  alarm  s igna l   should  said  m o n i t o r e d  

p o t e n t i a l   d i f f e r e n c e   vary  from  wi th in   p r e s e t   l i m i t s ,  

v a r i a t i o n   of  sa id   moni tored   p o t e n t i a l   d i f f e r e n c e   t o  

ou t s ide   sa id   p r e s e t   l i m i t s   being  i n d i c a t i v e   of  m a l -  

f u n c t i o n   or  p o t e n t i a l   ma l func t i on   of  the  a p p r o p r i a t e  
f i e l d   c i r c u i t .  

2.  Trip  appara tus   a cco rd ing   to  claim  1  in  which  the  means 
fo r   con t i nuous ly   mon i to r ing   sa id   at  l e a s t   one  p o t e n t i a l   d i f f e r e n c e  

compr i ses ,   for  each  moni tored   p o t e n t i a l   d i f f e r e n c e ,   a  v o l t a g e  



compara tor   which  compares  the  moni tored   p o t e n t i a l   d i f f e r e n c e  

with  a  r e f e r e n c e   p o t e n t i a l   d i f f e r e n c e ,   and  sa id   means  to  p r o v i d e  

an  alarm  s igna l   comprises  means  r e s p o n s i v e   to  the  change  in  s t a t e  

of  sa id   vo l t age   comparator   as  the  moni tored   p o t e n t i a l   d i f f e r e n c e  

v a r i e s   in  r e l a t i o n   to  the  r e f e r e n c e   p o t e n t i a l   d i f f e r e n c e .  

3.  Trip  appara tus   acco rd ing   to  claim  1  or  c la im  2  in  which ,  

in  the  n o n - t r i p p e d   c o n d i t i o n ,   an  e l e c t r i c a l   c u r r e n t   flows  t h r o u g h  

the  input   f i e l d   c i r c u i t   and  c h a n g e s   when  the  mon i to red   p a r a m e t e r  

r eaches   i t s   p r ede t e rmined   t r i p   v a l u e .  

4.  Trip  appara tus   accord ing   to  any  one  of  claims  1  to  3  i n  

which,  in  the  n o n - t r i p p e d   c o n d i t i o n ,   an  e l e c t r i c a l   cu r r en t   f l o w s  

through  the  output  f i e l d   c i r c u i t   a n d   changes,   so  as  to  a c t u a t e  

the  device,   when  the  moni tored   pa ramete r   r eaches   i t s   p r e d e t e r m i n e d  

t r i p   v a l u e .  

5.  Trip  appara tus   accord ing   to  any  one  of  claims  1  to  4  

wherein  the  p o t e n t i a l   d i f f e r e n c e   across   the  input   means  is  m o n i t o r e d  

to  provide   an  alarm  s igua l   should  the  input   f i e l d   c i r c u i t   r e s i s t a n c e  

reach   a  p r e d e t e r m i n e d   v a l u e .  

6.  Trip  appara tus   accord ing   to  any  one  of  claims  1  to  5 

wherein   the  p o t e n t i a l   d i f f e r e n c e   between  the  input   means  and  e a r t h  

is  moni tored  to  provide   an  alarm  s igna l   should  the  e a r t h   l e a k a g e  

r e s i s t a n c e   f a l l   below  a  p r ede t e rmined   v a l u e .  

7.  Trip  appara tus   accord ing   to  any  one  of  c laims  1  to  6 

wherein  the  p o t e n t i a l   d i f f e r e n c e   between  the  input   means  and  e a r t h  

is  moni tored  to  provide   an  alarm  s igna l   should  a  v o l t a g e   above  a  

p r e d e t e r m i n e d   value  be  imposed  upon  the  input   f i e l d   c i r c u i t .  

8.  Trip  appara tus   accord ing   to  any  one  of  claims  1  to  7 

where in   the  p o t e n t i a l   d i f f e r e n c e   across   the  output   means  is  m o n i t o r e d  

to  provide   an  alarm  s igna l   should  the  cu r ren t   in  the  output  f i e l d  

c i r c u i t   vary  from  wi th in   p r ede t e rmined   l i m i t s .  

9.  Trip  appara tus   accord ing   to  any  one  of  claims  1  to  8  i n  

which  one  side  of  the  output   means  is  ea r thed   and  means  for  m o n i t o r -  

ing  the  p o t e n t i a l   d i f f e r e n c e s ,   and  to  produce  alarm  s i g n a l s ,   a r e  

p rov ided   to  monitor   the  p o t e n t i a l   d i f f e r e n c e s   ac ross   the  i n p u t  

means,  between  the  input   means  and  ea r th ,   and  ac ross   the  output  means.  



10.  Trip  appa ra tu s   a cco rd ing   to  any  one  of  claims  1  to  9 

having  a  p l u r a l i t y   of  input   and /or   output   means  and  the  means 

for   m o n i t o r i n g   the  p o t e n t i a l   d i f f e r e n c e s   and  to  produce  a l a r m  

s i g n a l s   are  p rov ided   to  moni tor   the  p o t e n t i a l   d i f f e r e n c e s   a c r o s s  

each  output   means  and  across   at  l e a s t   each  input   means  whose 

input   f i e l d   c i r c u i t   does  not  i nc lude   the  output   means  a s s o c i a t e d  

with  ano ther   input   means .  
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