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©  Electrical  protection  device  for  checking  the  earth  connection. 

An  electrical  earth  circuit  testing  arrangement  that  will 
discern  whether  or  not  an  electrical  appliance  is  properly 
earthed  and  in  the  event  of the  appliance  being  inadequately 
earthed,  the  circuit  testing  arrangement  stops  the  appliance 
from  being  energised. 



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

p a r t i c u l a r l y   f o r   t e s t i n g   whether   an  e l e c t r i c a l   i n s t a l l a t i o n  

is   e a r t h e d   p r o p e r l y .  

Whenever  an  e l e c t r i c a l   a p p l i a n c e   is  o p e r a t e d   a l l   e x p o s e d  

metal   p a r t s   must  be  s e c u r e l y   e a r t h e d   to  avoid  any  e l e c t r i c a l   s h o c k  

to  the  o p e r a t o r .   In  b u i l d i n g s   t h i s   is  a c c o m p l i s h e d   by  c o n n e c t i n g  

the  meta l   p a r t s   of  the  a p p l i a n c e   v i a   a  wire   to  the  e a r t h i n g   p o i n t  

in  the  normal  t h r e e   p in   mains  s o c k e t .   However,  when  e l e c t r i c a l  

a p p l i a n c e s   are  used  on  b u i l d i n g   s i t e s   and  o t h e r  o u t s i d e   l o c a t i o n s ,  

the  e a r t h i n g   system  is  u s u a l l y   of  a  t empora ry   n a t u r e .   I t   i s  

a d v i s a b l e   t h e r e f o r e   in  such  c a s e s ,   t h a t   a  q u a l i f i e d   e l e c t r i c a l   p e r s o n  

shou ld   bit  on  s i t e   to  check  the  e a r t h i n g   of  the  a p p l i a n c e ,   and  h i s  

d e c i s i o n   would  be  based   on  a  knowledge  of  the  o v e r - l o a d   c u t - o u t  

r e q u i r e m e n t s   of  the  a p p l i a n c e ,   a  t e s t   r e a d i n g   and  r e f e r e n c e   to  IEE 

r e g u l a t i o n s .   The  r e g u l a t i o n s   t a b u l a t e   maximum  e a r t h   loop  i m p e d a n c e  

v a l u e s   f o r   e a r t h   l e a k a g e   p r o t e c t i o n   and  t h e s e   must  be  adhered   to  f o r  

s a f e t y   r e a s o n s .  

The  i n v e n t i o n   as  c la imed  p r o v i d e s   an  improved  e l e c t r i c a l   c i r c u i t  

a r r angemen t   fo r   check ing   whether   or  not  an  e l e c t r i c a l   i n s t a l l a t i o n   i s  

e a r t h e d   p r o p e r l y .   This  is  a c h i e v e d   by  check ing   whether   the  e a r t h   l o o p  

impedance  is   of  a  va lue   t h a t   is   a c c e p t a b l e   and  i f   t h i s   is  so  i t   i s  

p o s s i b l e   by  the  s w i t c h i n g   a r r angemen t   of  the  e l e c t r i c a l   c i r c u i t   to  a l l o w  

power  to  be  s u p p l i e d   to  the  e l e c t r i c a l   i n s t a l l a t i o n .   If   the  e a r t h   l o o p  

impedance  is  at  a  va lue   t h a t   is  not  a c c e p t a b l e   then  the  e l e c t r i c a l   c i r c u i t  

a r r a n g e m e n t   does  not  a l low  the  e l e c t r i c a l   i n s t a l l a t i o n   t o  b e   e n e r g i s e d .  



The  advan tages   of  the  p r e s e n t   i n v e n t i o n   is  tha t   the  c i r c u i t  

a r rangement   is  capable   of  t e s t i n g   and  i n d i c a t i n g   whether   or  not  an  e l e c t r i c a l  

supply   e a r t h i n g   system  is  s u i t a b l e   and  safe  for   an  e l e c t r i c a l   i n s t a l l a t i o n  

to  be  connec ted   to  an  energy  s o u r c e .  

A  f u r t h e r   advantage   of  the  c i r c u i t   a r rangement   is  t ha t   the  t e s t  

as  to  whether   or  not  the  e l e c t r i c a l   supply  e a r t h i n g   system  is  s a t i s f a c t o r y ,  

is  c a r r i e d   out  each  time  the  supply  to  the  a p p l i a n c e   has  to  be  i n i t i a t e d ,  

t h a t   is  to  say,  the  " i n i t i a t i n g   device"   must  be  ope ra t ed   every  time  t h e  

a p p l i a n c e   is  to  be  connec ted   to  the  supply.   Fu r the rmore ,   the  a r r a n g e m e n t  

p r o v i d e s   t h a t   for   every  d i s c o n n e c t i o n ,   or  f a l l   in  supply  p o t e n t i a l ,   a  

" s w i t c h i n g   device"   w i l l   be  tu rned   o f f .  

To  enable   the  i n v e n t i o n   to  be  more  c l e a r l y   u n d e r s t o o d   and  s o l e l y  

by  way  of  example  one  embodiment  of  an  e l e c t r i c   c i r c u i t   a r rangement   i n  

acco rdance   with  the  i n v e n t i o n ,   and  i t s   o p e r a t i o n ,   wi l l   be  d e s c r i b e d   w i t h .  

r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

F igu re   1  is  an  e l e c t r i c   c i r c u i t   diagram  showing  t h e  

a r rangement   of  the  e l e c t r i c a l   componen t s  

connec ted   to  an  a p p l i a n c e ,   a n d  

F i g u r e   2  is   a  schemetic  b lock   diagram  showing  t h e  

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

connec t ed   to  an  a p p l i a n c e   and  an  e l e c t r i c a l  

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

The  c i r c u i t   a r r angement   compr i ses ,   a  c i r c u i t   b r e a k e r   1 

hav ing   an  i n t e g r a l   teching  means  2  and  an  u n d e r v o l t   t r i p   c o i  



momentary  a c t i o n   swi t ch   4,  a  r e l a y   6  hav ing   a  f i r s t   r e l a y   c o i l   7  and  

a  second  c o i l   8,  r e c t i f y i n g   means  9  and  10,  a  r e s i s t o r   11  and  a  

t r a n s f o r m e r   12  hav ing   a  f i r s t   s econda ry   co i l   13  and  a  s e c o n d  

s e c o n d a r y   c o i l   14 .  

With  r e f e r e n c e   a l so   to  F igu re   2,  the  a f o r e s a i d   c i r c u i t  

a r r a n g e m e n t   is   d i v i d e d   i n to   t h r e e   p a r t s ,   t h a t   is  to  say,  s e n s i n g  

dev i ce   15,  an  i n i t i a t i n g   device   16  and  a  s w i t c h i n g   dev ice   17 .  

The  s w i t c h i n g   dev ice   17  is  b a s i c a l l y   the  c i r c u i t   b r e a k e r   1;  t h e  

i n i t i a t i n g   device   16  is   the  r e l a y   6  wi th   i t s   a s s o c i a t e d   f i r s t   r e l a y  

c o i l  7   and  r e c t i f y i n g   means  9  and  swi tch   4 ; w h i l s t   the  s e n s i n g   d e v i c e  

is   the  t r a n s f o r m e r   12  connec t ed   to  the  r e s i s t o r   11  and  the  s e c o n d  

r e l a y   e c i l   8.  The  c i r c u i t   a r r angemen t   is   connec t ed   to  an  a p p l i a n c e  

16;  which  is  under   t e s t   fo r   p r o p e r   e a r t h i n g   a r r a n g e m e n t s ,  v i a   t e r m i n a l s  

25,  26  and   27.  The  c u r r e n t   supply   socke t   19  has  l i v e   n e u t r a l   a n d  

e a r t h   c o n n e c t i o n s   20,  21  and  2 2 , r e s p e c t i v e l y   which  are  a l so   shown  i n  

F i g u r e   1.  The  supply   socke t   19,  in  use ,   is  connec t ed   to  a  s u b - s t a t i o n  

power  supp ly   23  which  i s   a  t h r e e   phase  e n c l o s e d   fused   s u p p l y .  

In  u se ,   the  c i r c u i t   a r r a n g e m e n t   is   c o n n e c t e d   (as  shown  i n  

p i g u r e   2)  to  the  a p p l i a n c e   18  and  t h e  s u p p l y   socke t   19,  which  in  t u r n  .  

i s   c o n n e c t e d   to  the  s u b - s t a t i o n   power  supp ly   23.  The  p r e f e r r e d   c i r c u i t  

o p e r a t i o n   i n v o l v e s   the  f o l l o w i n g   s t e p s .   An  a l t e r n a t i n g   c u r r e n t  

supp ly   from  the  s u b - s t a t i o n   23  is   connec t ed   to  the  p r imary   of  t h e  

t r a n a f o r m e r   12  v i a   t e r m i n a l s   20  and  21.  A  push  b u t t o n   swi tch   5  i s  

d e p r e s s e d   c l o s i n g   i t s   c o n t a c t s   so  t h a t   a  c u r r e n t   is   i n j e c t e d   i n to   a  

n e u t r a l   e a r t h   loop  whereby  a  c u r r e n t   f lows  (as  shown  by  the  c h a i n  

d o t t e d   l i n e   in  F igu re   2)  be tween  the  p o i n t s   X  and  Y.  The  switch  4  



w i l l   c lo se   and  b y - p a s s   the  no rma l ly   open  c o n t a c t   24.  The  " s e n s i n g  

dev ice"   15  is   c a l i b r a t e d   to  d i s c e r n   a  s p e c i f i c   va lue   of  c u r r e n t   a n d  

hence  a  s p e c i f i c   va lue   of  impedance,   termed  the  " se t   p o i n t " .  

At  v a l u e s   below  t h i s   " se t   p o i n t " ,   a  s i gna l   is  given  to  t h e  

" i n i t i a t i n g   dev i ce"   16  which  in  t u rn   a l lows  the  " s w i t c h i n g   dev ice"   17 

to  be  t u r n e d   on,  thus   c o n n e c t i n g   the  a p p l i a n c e   18  to  the  source  o f  

s u p p l y .  

At  the  v a l u e s   above  the  " se t   p o i n t "   t h e . " i n i t i a t i n g   device"   16 

is   i n s t r u c t e d   to  i n h i b i t   the  t u r n i n g  o n   of  the  " s w i t c h i n g   device"   17.  

The  c i r c u i t   b r e a k e r   u n d e r v o l t   t r i p   co i l   3  is  e n e r g i s e d   a t  

t h i s   p r e s e n t   moment  w h i l s t   the  swi tch   2  i s   t u rned   to  the  On  p o s i t i o n .  

Two  modes  of  o p e r a t i o n   w i l l   now  p o s s i b l y   f o l l o w .  

In  the  f i r s t   mode  of  o p e r a t i o n ,   i f   the  c u r r e n t   f lowing   t h r o u g h  

t h e   n e u t r a l - e a r t h   l o o k  i s  e q u a l   to  o r  g r e a t e r   than  the  value  for   which  t h e  

second  r e l a y   c o i l   8  i s   c a l i b r a t e d ,   t h i s   co i l   8  w i l l   e n e r g i s e   a n d  

eause  the  ocmtac t s6   and  24  to  c l o s e .   The  f i r s t   r e l a y   co i l   7  w i l l  

e n e r g i s e   v i a   the  c o n t a c t s  6   and  m a i n t a i n   e n e r g i s a t i o n   of  the  co i l   7 .  

Upon  r e l e a s e   of  the  push  b u t t o n   4,  supply   w i l l   be  m a i n t a i n e d   to  t h e  

a p p l i a n c e   and  the  second  r e l a y   c o i l   8  w i l l   d e - e n e r g i s e .  

In  the  second  mode  of  o p e r a t i o n ,   i f   the  c u r r e n t   f l owing   t h r o u g h  

the  n e u t r a l - e a r t h   loop  i s   l e s s   than  t h a t   fo r   which  the  second  r e l a y  

c o i l   8  is  c a l i b r a t e d ,   the  c o i l   8  w i l l   not  e n e r g i s e   and  the  c o n t a c t s   24 

and  6  w i l l   r e m a i n  o p e n .   Upon  r e l e a s e   of  the  push  b u t t o n   4  t h e  



u n d e r v o l t   t r i p   c o i l  3   w i l l   d e - e n e r g i s e   and  r e t u r n   the  c i r c u i  b Y e ä k ë r  

swi tch   2  to  the  Off  p o s i t i o n .   C o n s e q u e n t l y ,   the  a p p l i a n c e   w i l l   n o t  

be  able  to  o p e r a t e   as  the  supply   has  been  cut  from  the  t e r m i n a l s   25  and  2 6 .  

An  advan tage   of  the  p r e s e n t   i n v e n t i o n   is  t ha t   the  c i r c u i t  

a r r angemen t   is  capab le   of  t e s t i n g   and  i n d i c a t i n g   whether   or  not  a n  

e l e c t r i c a l   supply   e a r t h i n g   system  is  s u i t a b l e   fo r   c o n n e c t i o n   to  a n  

a p p l i a n c e .  

Fu r the rmore   a  c i r c u i t   a r r a n g e d   in  acco rdance   with  the  p r e s e n t  

i n v e n t i o n   avo ids   the  n e c e s s i t y   of  the  p r e s e n c e   of  q u a l i f i e d   e l e c t r i c a l  

p e r s o n n e l   to  t e s t   whether   or  not  the  e a r t h i n g   systems  are  a d e q u a t e .  

An  a d d i t i o n a l   advan tage   of  a  c i r c u i t   a r r angement   in  a c c o r d a n c e  

with  the  p r e a e n t   i n v e n t i o n   is  t h a t   the  a f o r e s a i d   d i s c r i m i n a t i o n   as  t o  

w h a t h e s  o s   net  the  e l e c t r i c a l   supply  e a r t h i n g   system  is  s a t i s f a c t o r y ,  

is   cerse  lal  out  each  time  the  supply  to  the  a p p l i a n c e   has  to  be  i n i t i a t e d ,  

t h a t   la  u a r   the  " i n i t i a t i n g   device"   must  be  o p e r a t e d   every  time  t h e .  

a p p l i a n e e   is   to  be  connec t ed   to  the  supply .   F u r t h e r m o r e ,   the  a r r a n g e m e n t  

p r o v i d e s   t h a t   fo r   every   d i s c o n n e c t i o n ,   or  f a l l   in  supply   p o t e n t i a l ,   the  . 

" s w i t c h i n g   dev ice"   w i l l   be  t u r n e d   o f f .  



1.  An  e l e c t r i c a l   e a r t h   t e s t i n g   a r rangement   compr i s ing   a  s ens ing   d e v i c e  

(15)  which  i n c l u d e s   a  t r a n s f o r m e r   (12)  connec ted   to  a  r e s i s t o r   ( 1 1 )  

and  a  r e l a y   co i l   (8) ,   an  i n i t i a t i n g   device   (16)  which  i n c l u d e s   a  

r e l a y   (6) ,   a  r e l a y   co i l   (7),   a  r e c t i f y i n g   means  (9)  and  a  s w i t c h  

(4) ,   a  s w i t c h i n g   device   (17)  which  i n c l u d e s   a  c i r c u i t   brakex  ( 1 ) ,  

and  a  switch  (5)  where in ,   in  use,   an  a l t e r n a t i n g   c u r r e n t   supply  i s  

connec ted   to  the  p r imary   of  the  t r a n s f o r m e r   (12),   a  switch  (5)  i s  

c l o sed   so  t h a t   a  c u r r e n t   is  i n j e c t e d   in to   a  n e u t r a l   e a r t h   l o o p ,  

the  s ens ing   device   (15)  d i s c e r n s   the  value  of  the  c u r r e n t   and  h e n c e  

a  s p e c i f i c   va lue   of  impedance  which  wi l l   be  termed  the  " se t   p o i n t " ,  

and  with  va lues   of  c u r r e n t   below  t h i s   set  p o i n t ,   a  s i g n a l   is  g i v e n  

to  the  i n i t i a t i n g   d e v i c e ( 1 6 )   which  a l lows  the  s w i t c h i n g   device  ( 1 7 )  

to  be  t u rned   on  thus  c o n n e c t i n g   an  a p p l i a n c e   (18)  to  t h e  s o u r c e   o f  

supply  connec ted   to  t h e  t r a n s f o r m e r ( 1 2 ) .  

2.  An  e a r t h   t e s t i n g   equipment  a c c o r d i n g   to  Claim  1  which  is  a n  

a r rangement   for   t e s t i n g   an  e a r t h   loop  impedance  of  a  source  o f  

e l e c t r i c a l   supply  connec ted   to  an  e l e c t r i c a l   a p p l i a n c e   c o m p r i s i n g  

a  c i r c u i t   b r a k e r   (1)  having   an  under   v o l t   t r i p   c o i l   (3)  and  a n  

i n t e g r a l   s w i t c h i n g   means  (4),   a  f u r t h e r   ewi t ch ing   means  (5)  f o r  

c o n t r o l l i n g   an  e l e c t r i c   c u r r e n t   supply  to  the  c i r c u i t   a r r a n g e m e n t ,  

a  r e l a y   (6)  p r o v i d e d   with  a  f i r s t   and  a  second  co i l   (7,  8),  e a c h  

p o s s e s s i n g   an  o p e r a t i n g   c o n t a c t   (6,  5),  the  f i r s t   co i l   (7)  h a v i n g  

a  low  number  of  t u rns   a r r anged   in  use,   to  cope  with  the  c u r r e n t  

i n j e c t e d   from  a  n e u t r a l - e a r t h   loop,   the  second  co i l   (8)  be ing   a  

low  v o l t a g e   co i l   des igned   to  m a i n t a i n   e n e r g i s a t i o n   of  the  a r m a t u r e  

of  sa id   r e l a y   (7),   a  r e s i s t o r   (11)  and  a  t r a n s f o r m e r   having  f i r s t   ( 1 3 )  



and  second  (14)  s econda ry   c o i l s ,   the  f i r s t   s econdary   c o i f   p r o v i d i n g  

a  supply   f o r   the  f i r s t   r e l a y   c o i l   (7)  and  a  n e u t r a l - e a r t h   loop,   a n d  

and  the  second  s econdary   c o i l   p r o v i d i n g   a  supply   for   the  s e c o n d  

r e l a y   c o i l   ( 8 ) .  
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