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Grounding  devices. 
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<§Z>  Grounding  devices  comprise  a  metallic  central  member  and 
a  conductive  polymer  member  which  surrounds  that  part  of  the 
metallic  member  which  is  buried  within  the  ground.  The  conduc- 
tive  polymer  member  retards  corrosion  of  the  central  member  by 
moist  soils,  and  thus  increases  the  life  of  the  device  and/or  makes 
it  possible  to  use  steel  or  other  relatively  cheap  metals  in  place  of 
copper.  Preferably  the  conductive  polymer  increases  in  resistivity 
when  its  temperature  is  raised  by  passage  of  a  grounding  current 
therethrough,  so  that  current  density  tends  to  be  equalized  over 
the  surface  of  the  device. 
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B a c k g r o u n d   of  t he   I n v e n t i o n  

I t   is  e s s e n t i a l   to  g r o u n d   a l m o s t   a l l   e l e c t r i c a l  

s y s t e m s ,   e . g .   in  h o m e s ,   o f f i c e s ,   f a c t o r i e s ,   p o w e r  

s t a t i o n s ,   and  o t h e r   b u i l d i n g s .   For  t h i s   p u r p o s e ,  

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

e x t e n s i v e l y   u s e d .   The  g r o u n d i n g   d e v i c e   i s   b u r i e d   i n ,  

or  d r i v e n   i n t o   t h e   g r o u n d   a d j a c e n t   or  u n d e r   t he   b u i l d i n g ,  

and  t he   e l e c t r i c a l   s y s t e m   is  c o n n e c t e d   t h e r e t o .   B e c a u s e  

the   g r o u n d i n g   d e v i c e   is  e x p o s e d   to  m o i s t u r e   and  o t h e r  

e l e c t r o l y t e s   in  t h e   g r o u n d ,   i t   is  l i a b l e   to  c o r r o s i o n ,  

and  fo r   t h i s   r e a s o n ,   is   p r e f e r a b l y   made  of  c o p p e r  
r a t h e r   t h a n   s t e e l   or  a l u m i n u m ,   w h i c h   a r e   s u b s t a n t i a l l y  

c h e a p e r   t h a n   c o p p e r   but   w h i c h   a re   much  m o r e ' r a p i d l y  

c o r r o d e d   by  m o i s t   s o i l .  

SUMMARY  OF  THE  INVENTION 

We  have   now  d i s c o v e r e d   t h a t   by  u s i n g   a  c o n d u c t i v e  

p o l y m e r   member  to  p r e v e n t   c o n t a c t   b e t w e e n   t he   m e t a l  

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

the   d e v i c e   is  b u r i e d ,   c o r r o s i o n   of  t he   m e t a l   can  b e  

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

on  t h e   e l e c t r i c a l   p e r f o r m a n c e   of  t he   d e v i c e .   We  h a v e  

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

s t e e l ,   a l u m i n u m   or  a n o t h e r   r e l a t i v e l y   c h e a p   m e t a l   i n  

p l a c e   of  c o p p e r .  



The  g r o u n d i n g   d e v i c e   used   in  the   i n v e n t i o n   is  o f t e n  

a  g r o u n d   p in   wh ich   is  d r i v e n   i n t o   t he   g r o u n d .   H o w e v e r ,  

e s p e c i a l l y   fo r   t he   g r o u n d i n g   of  power   s t a t i o n s   and  t h e  

l i k e ,  i t   may  be  p r e f e r a b l e   to  use  an  open  mesh  m a t  

wh ich   is   b u r i e d   b e n e a t h   the   b u i l d i n g   c o n t a i n i n g   t h e  

e l e c t r i c a l   s y s t e m .  

A c c o r d i n g l y ,   in  one  a s p e c t ,   t he   i n v e n t i o n   p r o v i d e s  

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

g r o u n d i n g   d e v i c e   b u r i e d   in  t he   g r o u n d ,   the   d e v i c e  

c o m p r i s i n g  

(1)  a  f i r s t   member  wh ich   is  c o m p o s e d   o f  a   m e t a l ,  

and  w h i c h   is  at  l e a s t   p a r t i a l l y   b u r i e d   in  t h e  

g r o u n d ;   a n d  

(2)  a  s e c o n d   member  w h i c h  

(a)  is   c o m p o s e d   of  an  e l e c t r i c a l l y   c o n d u c t i v e  

c o m p o s i t i o n   c o m p r i s i n g  

( i )   an  o r g a n i c   p o l y m e r ,   a n d  

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

f i l l e r   d i s p e r s e d   in  s a i d   p o l y m e r ,   a n d  

(b)  is   in  e l e c t r i c a l   c o n t a c t   w i t h   t he   f i r s t  

member  and  the   g r o u n d ,   a n d  

(c)  e l e c t r i c a l l y   s u r r o u n d s   the   f i r s t   member  s o  

t h a t   s u b s t a n t i a l l y   a l l   e l e c t r i c a l  

c o n n e c t i o n   b e t w e e n   the   g r o u n d   and  t h e  

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

m e m b e r .  

DETAILED  DESCRIPTION  OF  THE  DRAWING 

The  i n v e n t i o n   is  i l l u s t r a t e d   in  t he   a c c o m p a n y i n g  

d r a w i n g ,   in  w h i c h  

F i g u r e s   1  and  2  a r e   l o n g i t u d i n a l   c r o s s - s e c t i o n s  

t h r o u g h   g r o u n d   p i n s   used   in  t h e   i n v e n t i o n .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  f i r s t   member  of  t he   g r o u n d i n g   d e v i c e   is  c o m p o s e d  

of  a  m e t a l ,   e . g .   s t e e l   or  a l u m i n u m .   In  t h e   c a s e   of  a  

g r o u n d   p i n ,   t he   f i r s t   member  has  an  u p p e r   b e a r i n g   s u r f a c e  

a g a i n s t   w h i c h   f o r c e   can  be  a p p l i e d   to  d r i v e   t he   g r o u n d   p i n  

i n t o   t he   s o i l   and  i s   s u f f i c i e n t l y   s t r o n g   fo r   t h i s   p u r p o s e .  
The  m e t a l   fo r   a  g r o u n d   p in   is  p r e f e r a b l y   s t e e l ,   wh ich   i s  

b o t h   c h e a p   and  s t r o n g ,   and  t h e   f i r s t   member  is   t y p i c a l l y  

a  s t e e l   rod  of  d i a m e t e r   0 .2   to  1  i n c h   ( 0 . 5   to  2 .5   c m ) ,  

p r e f e r a b l y   0 . 2 5   to  0 .5   i n c h   ( 0 . 6   to  1 .25   c m ) .  

The  s e c o n d   member  is  c o m p o s e d   of  a  c o n d u c t i v e  

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

c o n t a c t   w i t h   t h e   f i r s t   member ,   p r e f e r a b l y   so  t h a t  

l i t t l e ,   i f   any ,   of  the   f i r s t   member  is  e x p o s e d   t o  

c o r r o s i v e   a c t i o n   f rom  the   s o i l   in  w h i c h   t h e   g r o u n d i n g  

d e v i c e   is   b u r i e d .   T y p i c a l l y   the   s e c o n d   member  is  i n  

the   form  of  a  c o a t i n g   of  t h i c k n e s s   at  l e a s t   0 .1   i n c h  

( 0 . 2 5   cm),   p r e f e r a b l y   0 .2   to  0 .5   i n c h   ( 0 . 5   to  1 . 2 5  

cm),  a r o u n d   t he   f i r s t   member .   C o n t a c t   b e t w e e n   t h e  

f i r s t   member  and  the   s o i l   can  be  p r e v e n t e d   by  means   o f  

one  or  more  o t h e r   member s   ( e . g .   of  an  i n s u l a t i n g  

p o l y m e r i c   c o m p o s i t i o n   or  of  a  m e t a l   w h i c h   is  l e s s  

r a p i d l y   c o r r o d e d   t h a n   t he   f i r s t   member )   in  a d d i t i o n   t o  

the   s e c o n d   member .   The  c o n d u c t i v e   f i l l e r   in  t h e  

c o n d u c t i v e   p o l y m e r   is  p r e f e r a b l y   one  w h i c h   is  r e s i s t a n t  

to  c o r r o s i o n ,   and  fo r   t h i s   r e a s o n   p r e f e r a b l y   c o n s i s t s  

e s s e n t i a l l y   of  c a r b o n a c e o u s   m a t e r i a l   such   as  c a r b o n   o r  

g r a p h i t e   or  b o t h ,   e . g .   c a r b o n   b l a c k ,   c a r b o n   f i b e r s ,  

g r a p h i t e   f l a k e   or  g r a p h i t e   f i b e r s .   A c e t y l e n e   b l a c k   i s  

a  p r e f e r r e d   c o n d u c t i v e   f i l l e r .   E s p e c i a l l y   when  t h e  

f i l l e r   is   f i b r o u s ,   i t   can  a l s o   s e r v e   as  a  r e i n f o r c i n g  



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

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

f l a m e  r e t a r d a n t s ,   and  n o n - c o n d u c t i v e   f i l l e r s .   T h e  

amount   of  t he   c o n d u c t i v e   f i l l e r   s h o u l d   be  s u f f i c i e n t   t o  

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

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

25°C  is   p r e f e r a b l y   10  to  10-2   ohm.cm,   p a r t i c u l a r l y   5 

to  0.1  ohm.cm.   I f   the   amoun t   of  f i l l e r   is  i n s u f f i c i e n t ,  

t he   s e c o n d   member  has  too  h i g h   a  r e s i s t a n c e ,   but   i f   t h e  

amount   is  too   h i g h ,   t he   r e s i s t a n c e   of  t he   s e c o n d   m e m b e r  

to  p h y s i c a l   a b u s e   is  too   low  and  t he   c o m p o s i t i o n   i s  

d i f f i c u l t   to  s h a p e .   P r e f e r a b l y   t he   c o n d u c t i v e   p o l y m e r  

i n c r e a s e s   in  r e s i s t i v i t y   when  i t   is  h e a t e d   by  p a s s a g e  
of  a  g r o u n d i n g   c u r r e n t   t h e r e t h r o u g h ,   s i n c e   t h i s   t e n d s  

to  e q u a l i z e   t he   c u r r e n t   d e n s i t y   o v e r   t h e   s u r f a c e   of  t h e  

g r o u n d i n g   d e v i c e   when  a  g r o u n d i n g   c u r r e n t   is  p a s s e d  

t h r o u g h   i t .   A  l a r g e   i n c r e a s e   in  r e s i s t i v i t y   is  n o t  

n e c e s s a r y .   P r e f e r a b l y   the   r e s i s t i v i t y   i n c r e a s e s  

by  a  f a c t o r   of  at  l e a s t   2  b e t w e e n   25°C  and  7 5 ° C .  

The  p o l y m e r   in  t he   c o n d u c t i v e   p o l y m e r   can  be  a 

s i n g l e   p o l y m e r   or  a  b l e n d   of  p o l y m e r s .   A  f a c t o r  

which   n e e d s   to  be  c o n s i d e r e d   in  c h o o s i n g   t he   p o l y m e r   i s  

the  p h y s i c a l   a b u s e   to  wh ich   the   s e c o n d   member  w i l l   b e  

s u b j e c t e d ,   e . g .   when  a  g r o u n d   p in   is  d r i v e n   i n t o   t he   s o i l .  

As  e x p l a i n e d   b e l o w ,   m e a s u r e s   can  be  t a k e n   to  r e d u c e   o r  

e l i m i n a t e   f r i c t i o n a l   f o r c e s   on  t he   s e c o n d   member  as  a 

g r o u n d   p in   is  d r i v e n   i n t o   t he   s o i l ,   bu t   i f   such   m e a s u r e s  

a re   not   t a k e n ,   t he   p o l y m e r   s h o u l d   be  one  h a v i n g  

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

d r i v e n   i n t o   t he   s o i l   w i t h o u t   s u b s t a n t i a l   damage  to  t h e  

s e c o n d   member ,   e . g .   a  p o l y a r y l e n e   p o l y m e r .  



As  j u s t   n o t e d ,   m e a s u r e s   can  be  t a k e n   to  r e d u c e   o r  

e l i m i n a t e   f r i c t i o n a l   f o r c e s   on  the   s e c o n d   member  as  a 

g r o u n d   p in   is   d r i v e n   i n t o   t he   g r o u n d .   Thus  in  o n e  

e m b o d i m e n t ,   t he   g r o u n d   p in   has  a  p o i n t e d   l o w e r   e n d  

p o r t i o n   w h i c h   ( i )   is   c o m p o s e d   of  an  i n s u l a t i n g   m a t e r i a l ,  

e . g .   a  h a r d   p o l y m e r ,   or  ( i i )   is   c o m p o s e d   of  a  c o n d u c t i v e  

m a t e r i a l   and  is   s e p a r a t e d   f rom  t he   f i r s t   member  by  t h e  

s e c o n d   member  or  by  an  i n s u l a t i n g   member .   The  l o w e r  

p o r t i o n   can  be  e n l a r g e d   so  t h a t ,   when  t he   g r o u n d   p in   i s  

d r i v e n   i n t o   t h e   s o i l ,   t he   l o w e r   p o r t i o n   makes   a  h o l e  

s u f f i c i e n t l y   l a r g e   to  p r e v e n t   s u b s t a n t . i a l   f r i c t i o n a l  

f o r c e s   from  a c t i n g   on  t he   s e c o n d   m e m b e r .  I n   a n o t h e r   - 

e m b o d i m e n t ,   t he   l o w e r   end  p o r t i o n   is   p a r t   of  a  t h i r d  

member  w h i c h  

(a)  is  c o m p o s e d   of  a  m e t a l ;   a n d  

(b)  s u r r o u n d s   t he   s e c o n d   member  so  as  to  p r e v e n t  

s u b s t a n t i a l   f r i c t i o n a l   f o r c e s   from  a c t i n g   on  

the   s e c o n d   member  as  t he   p in   is  d r i v e n   i n t o  

s o i l .  

A f t e r   a  g r o u n d   p in   h a v i n g   an  o u t e r   m e t a l   member  h a s  

been   i n s e r t e d ,   the   o u t e r   member ,   h a v i n g   s e r v e d   i t s  

f u n c t i o n   of  p r o t e c t i n g   the   s e c o n d   member  w h i l e   t he   p i n  

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

e f f e c t   on  the   e l e c t r i c a l   e f f i c i e n c y   of  t he   g r o u n d  

p i n .  

R e f e r r i n g   now  to  t he   d r a w i n g ,   F i g u r e s   1  and  2 

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

use  in  t he   i n v e n t i o n   c o m p r i s i n g   a  f i r s t   m e t a l   member  1 

h a v i n g   an  u p p e r   b e a r i n g   s u r f a c e   11,  and  a  s e c o n d  

c o n d u c t i v e   p o l y m e r   member  2  s u r r o u n d i n g   the   f i r s t  

member .   In  F i g u r e   1,  t he   f i r s t   member  has   a  p o i n t e d  

and  e n l a r g e d   l o w e r   p o r t i o n   12  wh ich   is  c o m p o s e d   of  a  



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

p o l y m e r   when  the   g r o u n d   p in   is  d r i v e n   i n t o   t h e   s o i l .  

In  F i g u r e   2,  the   g r o u n d   p in   i n c l u d e s   a  t h i r d   member  3 

which   i s   made  of  m e t a l   and  wh ich   s u r r o u n d s   the   c o n d u c t i v e  

p o l y m e r   member .   In  F i g u r e   2,  a  c lamp  4  is   shown  f o r  

s e c u r i n g   a  g r o u n d   w i r e   to  t he   f i r s t   m e m b e r .  



1.  An  e l e c t r i c a l   s y s t e m   wh ich   is  g r o u n d e d   t h r o u g h   a 

g r o u n d i n g   d e v i c e   b u r i e d   in  t he   g r o u n d ,   t he   d e v i c e  

c o m p r i s i n g  

(1)  a  f i r s t   member  w h i c h   is  c o m p o s e d   of  a  m e t a l ,  

and  w h i c h   is  at  l e a s t   p a r t i a l l y   b u r i e d   in  t h e  

g r o u n d ;   a n d  

(2)  a  s e c o n d   member  w h i c h  

(a)  is  c o m p o s e d   of  an  e l e c t r i c a l l y   c o n d u c t i v e  

c o m p o s i t i o n   c o m p r i s i n g  

( i )   an  o r g a n i c   p o l y m e r ,   a n d  

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

f i l l e r   d i s p e r s e d   in  s a i d   p o l y m e r ,  

(b)  is   in  e l e c t r i c a l   c o n t a c t   w i t h   t he   f i r s t  

member  and  the   g r o u n d ,   a n d  

(c)  e l e c t r i c a l l y   s u r r o u n d s   the   f i r s t   m e m b e r  

so  t h a t   s u b s t a n t i a l l y   a l l   e l e c t r i c a l  

c o n n e c t i o n   b e t w e e n   t he   g r o u n d   and  t h e  

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

m e m b e r .  

2.  A  s y s t e m   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   g r o u n d i n g  

d e v i c e   is  a  g r o u n d   p in   w h i c h   has  been   d r i v e n   i n t o   t he   s o i l  

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

f i r s t   m e m b e r .  

3.  A  s y s t e m   a c c o r d i n g   to  c l a i m   2  w h e r e i n   t he   g r o u n d  

pin   has   a  p o i n t e d   l o w e r   end  p o r t i o n   whch  is   c o m p o s e d   o f  

an  i n s u l a t i n g   m a t e r i a l .  



4.  A  s y s t e m   a c c o r d i n g   to  c l a i m   2  w h e r e i n   t he   g r o u n d   p i n  

has  a  p o i n t e d   l o w e r   end  p o r t i o n   wh ich   is  c o m p o s e d   of  a 

c o n d u c t i v e   m a t e r i a l   and  w h i c h   is   s e p a r a t e d   f rom  the   f i r s t  

member  by  the   s e c o n d   member  or  by  an  i n s u l a t i n g   m e m b e r .  

5.  A  s y s t e m   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t he   g r o u n d i n g  

d e v i c e   is  in  t he   form  of  an  open  mesh  m a t .  

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

w h e r e i n   t he   s e c o n d   member  is  c o m p o s e d   of  an  e l e c t r i c a l l y  

c o n d u c t i v e  c o m p o s i t i o n   h a v i n g   a  r e s i s t i v i t y   at  25°C  of  10 

ohm.cm  to  10-2   o h m . c m .  

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

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

c o m p o s i t i o n   i n c r e a s e s   by  a  f a c t o r   of  at   l e a s t   2  b e t w e e n  

25°C  and  7 5 ° C .  

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

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

i a l l y   of  c a r b o n a c e o u s   m a t e r i a l .  

9.  A  g r o u n d   p in   which   is  a d a p t e d   to  be  d r i v e n   i n t o   t h e  

g r o u n d   and  wh ich   c o m p r i s e s  



(1)  a  f i r s t   member  wh ich   is  a  r i g i d   m e t a l   rod  h a v i n g  

an  u p p e r   p o r t i o n   f o r   c o n n e c t i o n   to  an  e l e c t r i c a l  

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

p o r t i o n   to  be  b u r i e d   in  t h e   g r o u n d ,   a n d  

(2)  a  s e c o n d   member  w h i c h  

(a)  is  c o m p o s e d   of  an  e l e c t r i c a l l y   c o n d u c t i v e  

c o m p o s i t i o n   c o m p r i s i n g   a  p o l y m e r   and  a  

c a r b o n a c e o u s ,   p a r t i c u l a t e ,   e l e c t r i c a l l y  

c o n d u c t i v e   f i l l e r   d i s p e r s e d   in  the   p o l y m e r ,  

a n d  

(b)  s u r r o u n d s   and  is   in  e l e c t r i c a l   c o n t a c t   w i t h  

t h e   l o w e r   p o r t i o n   of  t he   f i r s t   member  s o  

t h a t ,   when  t he   g r o u n d i n g   p in   is  d r i v e n   i n t o  

t he   g r o u n d ,   s u b s t a n t i a l l y   a l l   e l e c t r i c a l  

c o n n e c t i o n   b e t w e e n   t h e   g r o u n d   and  the   f i r s t  

member  p a s s e s   t h r o u g h   t h e   s e c o n d   m e m b e r .  

10.  A  g r o u n d   p in   a c c o r d i n g   to  c l a i m   9  w h e r e i n   t he   s e c o n d  

member  is   at  l e a s t   0 .1   i n c h   ( 0 . 2 5   cm)  t h i c k   and  is  c o m p o s e d  

of  a  m a t e r i a l   h a v i n g   a  r e s i s t i v i t y   at  25°C  of  10  to  1 0  

o h m . c m .  
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