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support  by  means  of  three  of  the  prongs  while  the  fourth 
prong  is  inserted  within  the  printed  wire  board  for  electrical 
connection  with  the  signal  processor  circuit. 



BACKGROUND  OF  THE  INVENTION 

G r o u n d   f a u l t   c i r c u i t   i n t e r r u p t i n g   (GFCI)  d e v i c e s ,  

as  c u r r e n t l y   a v a i l a b l e ,   are  c a p a b l e   of  i n t e r r u p t i n g  
f a u l t   c u r r e n t   in  the  range   of  4  to  6  m i l l i a m p s .  

C i r c u i t s   for  such  d e v i c e s   are  d e s c r i b e d   in  U.S.  P a t e n t s  

4 , 3 4 5 , 2 8 9   and  4 , 3 4 8 , 7 0 8 ,   both  of  which  are  in  the  name 
of  Edward  K.  Howel l .   The  c i r c u i t s   d e s c r i b e d   t h e r e i n  

b a s i c a l l y   i n c l u d e   a  c u r r e n t   s e n s o r   or  m a g n e t i c s ,   a 
s i g n a l   p r o c e s s o r   or  e l e c t r o n i c s   and  an  e l e c t r o n i c  

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

t r a n s f o r m e r   which  r e s p o n d s   to  a  c u r r e n t   i m b a l a n c e   in  t h e  
l i n e   and  n e u t r a l   c o n d u c t o r s   of  the   d i s t r i b u t i o n   c i r c u i t .  
This  c u r r e n t   i m b a l a n c e   is  a m p l i f i e d   by  the  s i g n a l  
p r o c e s s o r   p u r s u a n t   to  t r i g g e r i n g   the   e l e c t r o n i c   s w i t c h  

and  t h e r e b y  c o m p l e t e   an  e n e r g i z a t i o n   c i r c u i t   for  t h e  

t r i p   s o l e n o i d .   The  c u r r e n t   s e n s o r   a lso   i n c l u d e s   a 
n e u t r a l   e x c i t a t i o n   t r a n s f o r m e r   for   r e s p o n d i n g   to  a 

ground  f a u l t   on  the  n e u t r a l   c o n d u c t o r .  

A m o u n t i n g   a r r a n g e m e n t   for  the  GFCI  d e v i c e   i s  
d e s c r i b e d   in  U.S.  P a t e n t s   3 , 9 5 0 , 6 7 7   and  4 , 0 0 1 , 6 5 2   t o  



Kei th   W.  K le in   et  a l .   In  the   K l e i n  e t   al  GFCI  d e v i c e ,  
the  s i g n a l   p r o c e s s o r   e l e c t r o n i c s   is  c a r r i e d   on  a  p r i n t e d  
wire   board   and  is  p o s i t i o n a l l y   mounted   and  r e t a i n e d   i n  

one  s h e l l   c o m p a r t m e n t   of  a  GFCI  r e c e p t a c l e   c a s i n g .   The 

m a g n e t i c s   are  p o s i t i o n a l l y   mounted  in  a n o t h e r   s h e l l  

c o m p a r t m e n t   w i t h i n   the  r e c e p t a c l e   and  are  l ocked   in  

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

w i n d i n g   e l e m e n t s .   This   6FCI  a s s e m b l y ,   a l t h o u g h   c o m p a c t ,  
does  not  r e a d i l y   l end   to  a  f u l l y   a u t o m a t e d   a s s e m b l y  

p r o c e s s   s i n c e   the   m a g n e t i c s   c o n t a i n   two  s e p a r a t e  
t r a n s f o r m e r s   which  r e q u i r e   e l e c t r i c a l   i n t e r c o n n e c t i o n  

wi th   each  o t h e r   as  well   as  with  the  c i r c u i t   e l e c t r o n i c s .  

To  d a t e ,   the   e l e c t r i c a l   i n t e r c o n n e c t i o n   of  the  m a g n e t i c s  
with  the  e l e c t r o n i c s  h a s   a c c o u n t e d   for   a  good  p e r c e n t a g e  
of  t h e   t ime  i n v o l v e d   in  the  GFCI  a s s e m b l y   p r o c e s s .  

The  p u r p o s e   of  t h i s   i n v e n t i o n   is  to  p r o v i d e   a  p l u g -  
in  m a g n e t i c   s e n s o r   module   which  c o n t a i n s   both  t h e  

d i f f e r e n t i a l   c u r r e n t   t r a n s f o r m e r   and  n e u t r a l   e x c i t a t i o n  

t r a n s f o r m e r   in  a  s i n g l e   u n i t a r y   s t r u c t u r e   which  can  be  

r o b o t i c a l l y   p r e - a s s e m b l e d .  

SUMMARY  OF  THE  INVENTION 

A  GFCI  d e v i c e   is  adap ted   for   c o m p l e t e l y   a u t o m a t e d  

a s s e m b l y   by  a  p r e - a s s e m b l e d   m a g n e t i c   s e n s o r   module   c o n -  

s i s t i n g   of  a  u n i t a r y   a r r a n g e m e n t   of  the   n e u t r a l   e x c i t a -  

t i o n   t r a n s f o r m e r   and  d i f f e r e n t i a l   c u r r e n t   t r a n s f o r m e r   on 

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

s t a b s   for   p l u g = i n   c o n n e c t i o n   with  the   p r i n t e d   wire  b o a r d  

e l e c t r o n i c s .   An  e l e c t r o m a g n e t i c   s h i e l d   is  p r o v i d e d   by  

e l e c t r i c a l l y   c o n n e c t i n g   the  m e t a l l i c   c l o s u r e   s u r r o u n d i n g  
the  s e n s o r   module   with  the  p r i n t e d   wire   b o a r d .   Meta l  

t abs   formed  at  the   bo t tom  of  the  c l o s u r e   s e rve   t o  

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

s u p p o r t   and  to  e l e c t r i c a l l y   c o n n e c t   the   c l o s u r e   with  t h e  

wire   board   e l e c t r o n i c s   w i t h o u t   r e q u i r i n g   any  w i r e s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  i s   a  f r o n t   p e r s p e c t i v e   v iew  o f  a   GFCI 

assembly  a c c o r d i n g   to  the  p r i o r   a r t ;  

F i g u r e   2  is  an  e l e c t r i c a l   s c h e m a t i c   of  the  s i g n a l  

p r o c e s s o r   e l e c t r o n i c s   used  w i t h i n   the  GFCI  of  Fig.   1 ;  
F i g u r e   3  is  a n   e x p l o d e d   f r o n t   p e r s p e c t i v e   view  o f  

the  m a g n e t i c   s e n s o r   module  of  the  i n v e n t i o n   p r i o r   t o  

a s s e m b l y ;  

F igure   4  is  a  bo t tom  view  of  the  i n s u l a t i n g  
p e d e s t a l   shown  i n  t h e   m a g n e t i c   s e n s o r   module  of  F ig .   3 ;  

F i g u r e   5  is  a  f r o n t   view  of  the  p e d e s t a l   of  F ig .   4 
in  p a r t i a l   s e c t i o n ;  

F i g u r e   6  is  an  e x p l o d e d   top  p e r s p e c t i v e   view  of  t h e  

GFCI  componen t s   p r i o r   to  a s s e m b l y ;   and 

F i g u r e   7  is  a  f r o n t   p e r s p e c t i v e  v i e w   of  the  GFCI 

components   c o m p l e t e l y   a s s e m b l e d .  

GENERAL  DESCRIPTION  OF  THE  INVENTION 

The  e l e c t r i c a l   i n t e r c o n n e c t   a r r a n g e m e n t   of  t h e  

i n v e n t i o n   for  a l l o w i n g   p l u g - i n   of  a  magne t i c   s e n s o r  
module  w i t h i n   an  a u t o m a t e d   GFCI  d e v i c e   can  be  b e t t e r  

u n d e r s t o o d   by  r e f e r r i n g   f i r s t   to  the  s t a t e   of  the  a r t  
GFCI  d e v i c e   10  d e p i c t e d   in  F i g u r e   1  and  the  e l e c t r o n i c s  

module  11  d e p i c t e d   in  F i g u r e   2.  The  e l e c t r o n i c s   m o d u l e  

is  d e s c r i b e d   in  d e t a i l   in  the  a f o r e m e n t i o n e d   p a t e n t s   t o  
Howell  which  are  i n c o r p o r a t e d   h e r e i n   for  pu rposes   o f  
r e f e r e n c e .   The  m a g n e t i c s   12  c o n s i s t s   of  a  d i f f e r e n t i a l  

c u r r e n t   t r a n s f o r m e r   core   13  and  a  n e u t r a l   t r a n s f o r m e r  

core  14  for   e n c i r c l i n g   the  l i n e   and  n e u t r a l   c o n d u c t o r s  

L,  N.  The  d i f f e r e n t i a l   t r a n s f o r m e r   s e c o n d a r y   w i n d i n g   15 
and  the  n e u t r a l   e x c i t a t i o n   t r a n s f o r m e r   s e c o n d a r y   w i n d i n g  
1 6  i n t e r c o n n e c t   wi th   an  a m p l i f i e r   c h i p  1 7  f o r   a m p l i f y i n g  
the  ground  f a u l t   c u r r e n t s   d e t e c t e d   and  for  o p e r a t i n g   an 
SCR  and  t r i p   c o i l   s o l e n o i d   TC  to  open  the  s w i t c h  



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

as  c a p a c i t o r s   Cl -C6  and  r e s i s t o r s   such  as  R1-R6  a r e  

r e q u i r e d   for   c u r r e n t   l i m i t a t i o n   and  n o i s e   s u p p r e s s i o n .  
A  t e s t   sw i t ch   SW  is  used  for   d i r e c t l y   c o n n e c t i n g   t h e  

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

such  as  R3,  w h e r e b y   the  c i r c u i t   be tween   the  l i n e   and 

n e u t r a l   c o n d u c t o r s   is  c o m p l e t e   and  the   swi tch   c o n t a c t s  

are  opened  to  t e s t   the   c i r c u i t .  

The  a r r a n g e m e n t   of  the  e l e c t r o n i c s   module  11  w i t h i n  

the  p r i o r   a r t   GFCI  d e v i c e   10  is  p r o v i d e d   by  means  of  a 
p r i n t e d   wire  boa rd   18  which  c a r r i e s   the  d i s c r e t e  

e l e m e n t s   such  as  the   r e s i s t o r s ,   c a p a c i t o r s ,   SCR  and  t h e  

a m p l i f i e r   ch ip   17.  The  e l e c t r o n i c s   module  11  i s  

i n t e r c o n n e c t e d   wi th   the   m a g n e t i c s   12  by  means  o f   a 

p l u r a l i t y   of  w i r e s   g e n e r a l l y   i n d i c a t e d   as  19.  The 

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

21,  c o n t a i n i n g   c o r e   13  and  w ind ing   15,  and  n e u t r a l  

e x c i t a t i o n   t r a n s f o r m e r   20  c o n t a i n i n g   core  14  and  w i n d i n g  

16,  are  s e c u r e d   to  the   u n d e r s i d e   of  a  mount ing   p l a t f o r m  

27.  The  l i n e   and  n e u t r a l   c o n d u c t o r s   L,  N  c o n n e c t   w i t h  

the  m a g n e t i c s   12,  e l e c t r o n i c s   module  11  and  with  t h e  

s w i t c h   SW  c o n s i s t i n g   of  movable   and  f i x e d   c o n t a c t s   2 2 ,  
23  s u p p o r t e d   on  the  m o u n t i n g   p l a t f o r m   27  by  means  of  a 

p e d e s t a l   25.  The  TC  s o l e n o i d   is  mounted  s u b j a c e n t   t h e  
movab le   a n d  f i x e d   c o n t a c t s   22,  23  and  o p e r a t e s   to  o p e n  
the   c o n t a c t s   upon  the   o c c u r r e n c e   of  ground  f a u l t   c u r r e n t  

t h r o u g h   e i t h e r   or  both   of  the  t r a n s f o r m e r s .   Four  p o s t s  
28  d e p e n d i n g   from  the  bo t tom  of  the  mount ing  p l a t f o r m   2 7  

p r o v i d e   r e q u i s i t e   c l e a r a n c e   between  the  m o u n t i n g  

p l a t f o r m   and  the   b o t t o m   cover   (no t   shown)  of  the  d e v i c e  

for   t he   p r i n t e d   w i r e   b o a r d   1 8 .  

It  was  d e t e r m i n e d   t h a t   by  c o n c e n t r i c a l l y   a r r a n g i n g  
t h e  d i f f e r e n t i a l   c u r r e n t   t r a n s f o r m e r   21  and  the  n e u t r a l  

e x c i t a t i o n   t r a n s f o r m e r   20  in  a  compact   a s s emb ly   around  a 



common  a p e r t u r e ,   the  p e d e s t a l   25  and  m o u n t i n g   p l a t f o r m  

27  cou ld   be  e l i m i n a t e d   and  the  m a g n e t i c s   12  could  t h e n  

be  d i r e c t l y   mounted  to  the  p r i n t e d   wi re   board   18 

e l i m i n a t i n g   t h e  c o n n e c t i n g   wires   19.  F u r t h e r ,   the  l i n e  

and  n e u t r a l   c o n d u c t o r s   L,  N  could  be  s e n s e d   by  t u b u l a r  

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

need  for  p a s s i n g   the  c o n d u c t o r s   t h r o u g h   the  c e n t e r s   o f  

the   n e u t r a l   e x c i t a t i o n   and  d i f f e r e n t i a l   c u r r e n t  

t r a n s f o r m e r s   as  with  the  p r i o r   a r t .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  GFCI  m a g n e t i c   s e n s o r   module  30  is  a s sembled   as 

d e p i c t e d   in  Fig.   3  as  f o l l o w s .   The  i n s u l a t i n g   p e d e s t a l  

34  is  formed  with  an  u p r i g h t   i n s u l a t i n g   c y l i n d e r   33  and 

t h r e e   formed  s l o t s   81  along  the  o u t e r   p e r i m e t e r   and  o n e  .  

s l o t   82  formed  i n b o a r d   from  t h e  p e r i m e t e r .   The 

p e r i m e t e r   s l o t s   r e c e i v e   t h r e e   c o r r e s p o n d i n g   t abs   80 

d e p e n d i n g   from  the  bot tom  of  the  m e t a l l i c   c l o s u r e   3 2 ,  

which  tabs   are  bent   under  the  p e d e s t a l   to  s ecure   t h e  

c l o s u r e   when  the  module  a s sembly   is  c o m p l e t e d .   The 

f o u r t h   t a b  8 0   is  i n s e r t e d   t h r o u g h   s l o t   82  for  p u r p o s e s  
which   wil l   be  d i s c u s s e d   in  some  d e t a i l   be low.   Four  

a n g u l a r   s l o t s   83  are  formed  along  the  p e r i m e t e r   o f  

p e d e s t a l   34  for   r e c e i v i n g   the  s e c o n d a r y   l e a d s   78 

c o n n e c t i n g   with  the  n e u t r a l   t r a n s f o r m e r   w ind ing   16 

t o w a r d   the  f r o n t   of  p e d e s t a l   34  and  the   d i f f e r e n t i a l  

t r a n s f o r m e r   l e ads   77  c o n n e c t i n g   with  the  d i f f e r e n t i a l  

t r a n s f o r m e r   w ind ing   15  t h r o u g h   the  s l o t s   83  toward  t h e  

r e a r   of  the  p e d e s t a l .   Both  p a i r s   of  l e a d s   77,  78  a r e  

wrapped  and  s o l d e r e d   to  t e r m i n a l s   54,  a l s o   p r o v i d e d  

a long   the  p e r i m e t e r   of  the  p e d e s t a l .   The  r a i s e d  

p l a t f o r m   84  s u p p o r t i n g   each  of  the  t e r m i n a l s   54 

e l e c t r i c a l l y   i n s u l a t e   the  t e r m i n a l s   from  the  m e t a l l i c  

c l o s u r e   32  when  mounted  to  the  p e d e s t a l .   The  n e u t r a l  



w i n d i n g   16  is  f i r s t   a r r a n g e d   a round   the  i n s u l a t e d  

c y l i n d e r   33  and  a  f i r s t   i n s u l a t i n g   d i sk   79  is  p l a c e d  

over   the   n e u t r a l   w ind ing .   The  d i f f e r e n t i a l   t r a n s f o r m e r  

w i n d i n g   15  is  a r r a n g e d   on  the   f i r s t   i n s u l a t i n g   disk  79 

and  a  s e c o n d  i n s u l a t i n g   d i s k   79  is  p l a c e d   over  t h e  

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

from  the   m e t a l l i c   c l o s u r e   3 2 .  

The  c o m p l e t e l y   a s s e m b l e d   m a g n e t i c   s e n s o r   module  30 

is  shown  in  F i g u r e   4  as  v iewed   from  the  bot tom  with  t h e  

c o n c e n t r i c   a p e r t u r e   31  e x t e n d i n g   t h r o u g h   the  p e d e s t a l  

34.  Tabs  80  are  shown  f o l d e d   over   the  bot tom  of  t h e  

p e d e s t a l   w i t h i n   p e r i p h e r a l   s l o t s   81  wi th   tab  80 

e x t e n d i n g   t h r o u g h   s l o t   82.  Four  p ins   55  d e p e n d  

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

with  the   four   t e r m i n a l s   54.  The  n e u t r a l   s e c o n d a r y  

w i n d i n g   l e a d s   78  and  the  d i f f e r e n t i a l   c u r r e n t   s e c o n d a r y  

wind ing   l e a d s   77  are  c o n n e c t e d   to  the  four   p l u g s .  

The  c o n n e c t i o n   between  the  m a g n e t i c   s enso r   module  

30  and  the   p r i n t e d   wire  b o a r d   18  t h a t   c a r r i e s   t h e  

e l e c t r o n i c   c i r c u i t r y   for  the  GFCI  d e v i c e   is  shown  in 

F i g u r e   5.  The  e l e c t r i c a l   i n t e r c o n n e c t i o n   a r r a n g e m e n t  
which  is  i n s e r t e d   w i th in   the  c e n t r a l   a p e r t u r e   31  a f t e r  

p l u g g i n g   the  m a g n e t i c   s e n s o r   module   i n t o   the  wire  b o a r d  

is  o m i t t e d   along  with  the  c i r c u i t   e l e m e n t s   mounted  on 

the   p r i n t e d   wire  board  for  p u r p o s e s   of  c l a r i t y .   The 

downward  d e p e n d i n g   pins  56  are  r e c e i v e d   w i th in   t h e  

p r i n t e d   wire   board  for  e l e c t r i c a l   c o n n e c t i o n   between  t h e  

d i f f e r e n t i a l   t r a n s f o r m e r   and  n e u t r a l   t r a n s f o r m e r  

w i n d i n g s   with  the  e l e c t r o n i c   c i r c u i t   c a r r i e d   by  t h e  

p r i n t e d   wire  boa rd .   The  m e t a l l i c  c l o s u r e   tab  80  a l s o  

e x t e n d s   i n to   the  p r i n t e d   wire   boa rd   in  o rder   t o  

e l e c t r i c a l l y   c o n n e c t   the  c l o s u r e   which  a l lows  t h e  



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

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

ings  15,  16,  a s  i n d i c a t e d .   When  the  I n t e r c o n n e c t i o n s  

are  made  w i t h i n   the  c e n t r a l   a p e r t u r e   31  as  d e s c r i b e d  

w i t h i n   U.S.  P a t e n t   A p p l i c a t i o n   5 7 9 , 3 3 6 -   which  a p p l i -  
c a t i o n   is  i n c o r p o r a t e d   h e r e i n   for   pu rposes   of  r e f e r e n c e ,  

the  m a g n e t i c   s e n s o r   module   30  then  becomes  a  p l u g - i n  

s u b a s s e m b l y   as  g e n e r a l l y   d e p i c t e d   at  29  in  F i g u r e   6 .  

The  m a g n e t i c   s e n s o r   s u b a s s e m b l y   29  is  shown  in  F i g .  
6  p lugged  i n t o   the  p r i n t e d   wire  board  18.  Also  s h o w n  

mounted  on  the   wire   board   is  the  t r i p   s o l e n o i d   65 

l o c a t e d   be tween   the  l i n e   and  n e u t r a l   t e r m i n a l   s c r e w s   5 2 ,  

53.  The  m a g n e t i c   s e n s o r   module  s u b a s s e m b l y   and  p r i n t e d  

wire  board  are  p l a c e d   w i t h i n   the  GFCI  case  57  and  c o v e r  
66  is  then  p o s i t i o n e d   over  the  case  and  screws  67  a r e  

i n s e r t e d   t h r o u g h   h o l e s   68  to  a t t a c h   the  cover   to  t h e  

case  and  c o m p l e t e   the  a s s e m b l y .   The  mechanism  a s s e m b l y  

shown  g e n e r a l l y   at  62  is  the  s u b j e c t   of  U.S.  P a t e n t  

A p p l i c a t i o n   5 7 9 , 6 2 7  ,   which  a p p l i c a t i o n   is  i n c o r -  

p o r a t e d   h e r e i n   for   p u r p o s e s   of  r e f e r e n c e .   D e t a i l s  

c o n c e r n i n g   the  o p e r a t i o n   of  the  mechanism  a s s e m b l y   c a n  
be  o b t a i n e d   by  r e f e r r i n g   to  t h a t   a p p l i c a t i o n .   P r i o r   t o  

mount ing   the  mechan i sm  a s s e m b l y   wi th in   case  57,  yoke  58 

is  a t t a c h e d   to  the  case   by  f i t t i n g   s l o t s   59  which  a r e  
formed  w i t h i n   the  yoke  s ide   r a i l s   74  over  c o r r e s p o n d i n g  

d e t e n t s   60  fo rmed   in  the  c a s e .   Yoke  58  has  m o u n t i n g  

screws  61  for   ease   in  a t t a c h i n g   the  GFCI  d e v i c e .   A 

n e u t r a l   t e r m i n a l   s c rew  s l o t   76  and  a  l ine   t e r m i n a l   s c r e w  
s l o t   75  are  formed  on  o p p o s i t e   s ides   of  the  case   and  a r e  
l o c a t e d   such  t h a t   the  l i n e   t e r m i n a l   and  n e u t r a l   t e r m i n a l  

screws  52,  53  are  a c c e s s i b l e   when  the  p r i n t e d   wire   b o a r d  

18  and  m a g n e t i c   s e n s o r   module  s u b a s s e m b l y   29  a r e  

i n s e r t e d   w i t h i n   the  c a s e .  



The  c o m p l e t e l y   a s s e m b l e d   GFCI  d e v i c e   69  is  shown  i n  

F i g .  7   w i t h   a  t e s t   b u t t o n   71  and  a  r e s e t   b u t t o n   72 

a r r a n g e d   above  a  s i n g l e   o u t l e t  r e c e p t a c l e   70  w h i c h  

e x t e n d   t h r o u g h   yoke  58.  Both  the  l i n e   t e r m i n a l   s c r e w  

52,  l oad   l i n e   t e r m i n a l   sc rew  64  and  g round   screw  73  a r e  

c o n v e n i e n t l y   a c c e s s i b l e   fo r   e l e c t r i c a l   c o n n e c t i o n .  

It  is  thus   seen  t h a t   an  a u t o m a t e d   a s s e m b l y   p r o c e s s  
fo r   GFCI  d e v i c e s   is  made  p o s s i b l e   by  p o s i t i o n i n g   t h e  

m a g n e t i c   s e n s o r   module  s u b a s s e m b l y   29  w i t h i n   the  p r i n t e d  
w i r e   b o a r d   18  p r i o r   to  c o n n e c t i o n   with  the  m e c h a n i s m  

a s s e m b l y   62  a l r e a d y   a s s e m b l e d   w i t h i n   c a se   57  as  d e p i c t e d  
in  F i g .   6.  The  c o n f i g u r a t i o n   and  o r d e r   of  a s s e m b l y   o f  

the   c o m p o n e n t s   w i t h i n   the  m a g n e t i c   s e n s o r   module   30  

d e p i c t e d   in  F ig .   3  which  p r o v i d e   for   the  e l e c t r i c a l  

i n t e r c o n n e c t i o n   of  the  d i f f e r e n t i a l   t r a n s f o r m e r   s e c n d a r y  

w i n d i n g   15  and  the  n e u t r a l   t r a n s f o r m e r   s e c o n d a r y   w i n d i n g  

16  wi th   p r i n t e d   wire  board   18  w i t h o u t   the  need  f o r  

e x t e r n a l   wire   c o n n e c t i o n s   is  a  key  f a c t o r   in  a l l o w i n g  

the   a s s e m b l y   p r o c e s s   to  become  a u t o m a t e d .  



1.  A  m a g n e t i c   s e n s o r   c o m p r i s i n g :  
f i r s t   and  s econd   t r a n s f o r m e r s   a r r a n g e d   on  an 

e l e c t r i c a l l y   i n s u l a t i v e   s u p p o r t ;  
t e r m i n a l   means  on  sa id   s u p p o r t   for  p r o v i d i n g  

e l e c t r i c a l   c o n n e c t i o n   with  w ind ings   w i t h i n   s a i d  

t r a n s f o r m e r s ;   a n d  

c l o s u r e   means  a round  said  t r a n s f o r m e r s   f o r  

r e t a i n i n g   sa id   t r a n s f o r m e r s   on  sa id   s u p p o r t .  

2.  The  s e n s o r   of  c l a i m   1  where in   sa id   f i r s t  

t r a n s f o r m e r   c o m p r i s e s   a  f i r s t   a n n u l a r   core  member  and 

where in   one  of  s a i d   w i n d i n g s   is  a r r a n g e d   around  s a i d  

f i r s t   c o r e .  

3.  The  s e n s o r   of  c l a i m   2  where in   said  f i r s t  

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

for  p r o v i d i n g   an  o u t p u t   v o l t a g e   when  e l e c t r i c   c u r r e n t  

flow  t h r o u g h   a  f i r s t   c o n d u c t o r   a r r a n g e d   t h r o u g h   s a i d  

a n n u l a r   core  d i f f e r s   from  e l e c t r i c   c u r r e n t   flow  t h r o u g h  

a  second  c o n d u c t o r   a r r a n g e d   t h r o u g h   said  f i r s t   c o r e .  

4.  The  s e n s o r   of  c l a i m   1  where in   said  s e c o n d  

t r a n s f o r m e r   c o m p r i s e s   a  second  a n n u l a r   core   member  and 

where in   the  o t h e r   of  sa id   w ind ings   is  a r r a n g e d   a r o u n d  

said  second  c o r e .  

5.  The  s e n s o r   of  c l a i m   4  where in   said  s e c o n d  

t r a n s f o r m e r   c o m p r i s e s   a  n e u t r a l   e x c i t a t i o n   t r a n s f o r m e r .  

6.  The  s e n s o r   of  c l a i m   1  f u r t h e r   i n c l u d i n g   an 

e l e c t r i c a l l y   i n s u l a t i v e   s p a c e r   between  sa id   f i r s t   and 
second  t r a n s f o r m e r s .  



7.  The  s e n s o r   of  c l a i m   1  where in   sa id   i n s u l a t i v e  

s u p p o r t   c o m p r i s e s   a  b a s e   and  a  c y l i n d e r ,   s a id   c y l i n d e r  

e x t e n d i n g   u p r i g h t   from  sa id   base  and  hav ing   an  a p e r t u r e  
which  e x t e n d s   t h r o u g h   s a id   b a s e .  

8.  The  s e n s o r   of  c l a i m   7  whe re in   sa id   f i r s t   and  s e c o n d  

t r a n s f o r m e r s   are  a r r a n g e d   one  over  the  o t h e r   around  s a i d  

c y l i n d e r .  

9.  The  s e n s o r   of  c l a i m   8  where in   said  base  and  s a i d  

c y l i n d e r   are  i n t e g r a l l y   formed  from  p l a s t i c   m a t e r i a l .  

10.  The  s e n s o r   of  c l a i m   7  where in   said  t e r m i n a l   m e a n s  

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

o p p o s i t e   c o r n e r s   of  s a i d   base  and  e x t e n d i n g   d o w n w a r d  

t h r o u g h   sa id   base  to  p r o v i d e   means  for  c o n n e c t i n g   s a i d  

s e n s o r   to  a  p r i n t e d   wire   b o a r d .  

11.  The  s e n s o r   of  c l a i m   10  where in   a  f i r s t   p a i r   of  s a i d  

metal   p ins   are  e l e c t r i c a l l y   c o n n e c t e d   to  sa id   f i r s t  

t r a n s f o r m e r   and  a  s e c o n d   pa i r   of  sa id   metal   p ins   a r e  

e l e c t r i c a l l y   c o n n e c t e d   to  sa id   second  t r a n s f o r m e r .  

12.  The  s e n s o r   of  c l a i m   7  where in   sa id   c l o s u r e   means  

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

s ide   wall  e x t e n d i n g   be tween   sa id   top  and  sa id   b o t t o m .  

13.  The  s e n s o r   of  c l a i m   12  where in   said  c y l i n d e r   t o p  
i n c l u d e s   an  o p e n i n g   c o n c e n t r i c   to  sa id   f i r s t   and  s e c o n d  
t r a n s f o r m e r s   for   r e c e i v i n g   a  pa i r   of  e l e c t r i c a l  

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



14.  The  s enso r   of  c l a i m   13  where in   sa id   c y l i n d e r   b o t t o m  

is  open  for  r e c e i v i n g   s a i d   i n s u l a t i v e   s u p p o r t   b a s e .  

15.  The  s e n s o r   of  c l a i m   14  f u r t h e r   i n c l u d i n g   a 

p l u r a l i t y   of  t a b s   e x t e n d i n g   from  sa id   s ide   w a l l  

p r o x i m a t e   said  bo t tom  for   m e c h a n i c a l l y   e n g a g i n g   w i t h  

sa id   i n s u l a t i v e   s u p p o r t   b a s e .  

16.  The  s enso r   of  c l a i m   15  where in   a  number  of  s a i d  

t a b s   are  bent  a round  a  bo t tom  of  sa id   i n s u l a t i v e   s u p p o r t  
base  and  one  of  s a i d   t a b s   e x t e n d s   t h r o u g h   a  s l o t   f o r m e d  
w i t h i n   said  s u p p o r t   b a s e .  

17.  The  s enso r   of  c l a i m   16  whe re in   sa id   c y l i n d e r  

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

sa id   one  e x t e n d i n g   t ab   p r o v i d e s   e l e c t r i c a l   c o n n e c t i o n  

with  said  c y l i n d e r   t h r o u g h   sa id   s u p p o r t   b a s e .  

18.  The  s enso r   of  c l a i m   17  whe re in   sa id   c y l i n d e r  
f u r t h e r   c o m p r i s e s   a  m a g n e t i c   metal   for   p r o v i d i n g  

e l e c t r o m a g n e t i c - s h i e l d i n g   to  sa id   f i r s t   and  s e c o n d  

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

19.  The  s enso r   of  c l a i m   12  where in   sa id   i n s u l a t i v e  

s u p p o r t   base  i n c l u d e s   a  p l u r a l i t y   of  s l o t s   o u t b o a r d   f r o m  
sa id   base  a p e r t u r e   for   a l l o w i n g   p a s s a g e   of  wire  t h r o u g h  
sa id   i n s u l a t i v e   s u p p o r t   base  for  c o n n e c t i n g   with  s a i d  
f i r s t   and  second  t r a n s f o r m e r s .  

20.  The  s e n s o r   of  c l a i m   1  whe re in   one  of  sa id   f i r s t   and 
second  t r a n s f o r m e r s   c o m p r i s e s   a  c u r r e n t   t r a n s f o r m e r .  



21.  The  s e n s o r   of  c l a i m   19  w h e r e i n   sa id   wire  s l o t s   a r e  

i m m e d i a t e l y   s u b j a c e n t   an  o u t e r   d i a m e t e r   of  sa id   f i r s t  

.  and  s econd   t r a n s f o r m e r s   and  an  i n n e r   d i a m e t e r   of  s a i d  

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

t h r o u g h   s a i d   s u p p o r t   b a s e .  
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