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Spark  plug. 

A  spark  plug  with  an  improved  radio  noise  suppression 
effect.  A  magnetic  substance  is  added  to  the  resistor  of  the 
spark  plug  to  enhance  its  absorption  of  high  frequency  radio 
currents.  The  resistor  is  made  of  a  sintered  material  compris- 
ing,  by  weight,  0.2-0.6%  carbon,  25-75%  glass  of  which  soften- 
ing  temperatures  are  300-600°C  and  grain  sizes  are 
10-500  µm,  0.4-40%  magnetic  substance  and  a  binder  consti- 
tuting  the  rest.  A  current  path  made  of  carbon  is  formed  in  a 
zigzag  shape  around  the  glass  and  magnetic  substance  in  the 
resistor. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   of  the  I n v e n t i o n :  

This  i n v e n t i o n   r e l a t e s   to  an  improvement   o f  

spark   p lugs   employed  in  a  high  v o l t a g e   i g n i t i o n   c i r c u i t  

of  an  i n t e r n a l   c o m b u s t i o n   eng ine   and  more  p a r t i c u l a r l y  

to  d e c r e a s e   of  an  ene rgy   l o s s   and  to  an  e f f e c t i v e  

s u p p r e s s i o n   of  r a d i o   n o i s e s   g e n e r a t e d   from  the  s p a r k  

p l u g .  

D e s c r i p t i o n   of  the  P r i o r   A r t :  

High  f r e q u e n c y   n o i s e   c u r r e n t s   g e n e r a t e d   f r o m  

a  spark   plug  can  be  s u p p r e s s e d ,   for  example ,   by  means  o f  

a  high  f r e q u e n c y   r a d i o   wave  a b s o r b i n g   c i r c u i t   which  i s  

made  by  c o n n e c t i n g   a  r e s i s t o r   in  s e r i e s   with  a  t e r m i n a l  

m e t a l   member  f i t t e d   to  an  end  of  an  i n t e r n a l   p a s s a g e   o f  

the  spark   plug  and  a  c e n t e r   e l e c t r o d e   f i t t e d   in  t h e  

o t h e r   end  of  the  i n t e r n a l   p a s s a g e .  

C o n v e n t i o n a l l y ,   a  m i x t u r e   of  c a r b o n ,   z i r c o n i a  

(or  a lumina   or  m a g n e s i a )   and  g l a s s   baked  to  the  i n t e r n a l  

p a s s a g e   of  a  spark   plug  has  been  known  for  the  r e s i s t o r .  

As  i l l u s t r a t e d   in  F i g . 7 ,   t h i s   r e s i s t o r   c o m p r i s e s   a  h i g h  



r e s i s t i v e   g l a s s   42  and  carbon   ( c o n d u c t o r )   fo rming   a  

c u r r e n t   pa th   43  in  a  z igzag   shape  in  o rde r   to  improve  a 

no i se   c u r r e n t   s u p p r e s s i o n   e f f e c t .   (The  n o i s e   c u r r e n t  

s u p p r e s s i o n   e f f e c t   by  means  of  the  z igzag   shape  of  t h e  

c u r r e n t   pa th   43  is  h e r e i n a f t e r   r e f e r r e d   to  as  a 

" s t r u c t u r a l   e f f e c t " . )  

In  a d d i t i o n ,   z i r c o n i a   he lps   carbon   f o r m i n g  

the  c u r r e n t   pa th   43  adhere   to  g l a s s   42  and  t h e r e b y  

r e d u c e s   the  i r r e g u l a r i t y   of  r e s i s t a n c e   and  improves   t h e  

d u r a b i l i t y   of  the  r e s i s t o r .  

The  r ad io   no i se   s u p p r e s s i o n   e f f e c t   of  t h e  

r e s i s t o r   composed  of  c a r b o n ,   z i r c o n i a   and  g l a s s ,  

however ,   is  not  s u f f i c i e n t .   E s p e c i a l l y   in  view  of  an  

i n c r e a s i n g   use  of  e l e c t r o n i c   e q u i p m e n t s   mounted  i n  

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

t h e r e o f   in  r e c e n t   y e a r s ,   a  f u r t h e r   improvement   in  r a d i o  

no i se   s u p p r e s s i o n   is  be ing   c a l l e d   f o r .  

SUMMARY  OF  THE  INVENTION 

It   is  an  o b j e c t   of  t h i s   i n v e n t i o n ,   t h e r e f o r e ,  

to  p r o v i d e   a  spark   plug  with  a  more  enhanced   r a d i o   n o i s e  

s u p p r e s s i o n   e f f e c t   by  improv ing   the  above  r e s i s t o r .  

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

s u b s t a n c e   is  added  to  the  r e s i s t o r   in  o rde r   to  e n h a n c e  

the  a b s o r p t i o n   of  high  f r e q u e n c y   n o i s e   c u r r e n t s .  

With  r e f e r e n c e   to  F i g . l   showing  a  s e c t i o n a l  



view  of  a  spark   plug  o f  t h i s   i n v e n t i o n   and  F i g . 2   s h o w i n g  

the  c o m p o s i t i o n   of  the  r e s i s t o r   u t i l i z e d   in  the  s p a r k  

p lug ,   the  spark   plug  of  t h i s   i n v e n t i o n   c o m p r i s e s   a n  

i n s u l a t o r   1  having   an  i n t e r n a l   p a s s a g e   e x t e n d e d   in  t h e  

a x i a l   d i r e c t i o n   of  the  spark   p l u g ,   a  t e r m i n a l   m e t a l  

member  2  f i t t e d   to  an  open  end  p o r t i o n   of  the  i n t e r n a l  

p a s s a g e ,   a  c e n t e r   e l e c t r o d e   3  f i t t e d   to  the  o t h e r   o p e n  

end  p o r t i o n   of  the  i n t e r n a l   p a s s a g e ,   and  a  r e s i s t o r   4 

p o s i t i o n e d   between  the  t e r m i n a l   meta l   member  2  and  t h e  

c e n t e r   e l e c t r o d e   3  i n s i d e   the  i n t e r n a l   p a s s a g e ,   t h e  

r e s i s t o r   4  is  made  of  a  s i n t e r e d   m a t e r i a l   c o m p r i s i n g ,   by  

w e i g h t ,   0 . 2  -   0.6  %  c a r b o n ,   25  -   75  %  g l a s s   of  which  t h e  

s o f t e n i n g   t e m p e r a t u r e s   are  300  -   600°C  and  the  p a r t i c l e  

d i a m e t e r s   are  10  -   5 0 0 µ m , 0 . 4  -   40  %  m a g n e t i c   s u b s t a n c e  

and  a  b i n d e r   c o n s t i t u t i n g   the  r e s t .  

Except   for  the  r e s i s t o r   4,  c o n v e n t i o n a l  

s t r u c t u r a l   members  may  be  used  for  such  p a r t s   of  t h e  

spark   plug  of  t h i s   i n v e n t i o n   as  the  i n s u l a t o r   1 ,  

t e r m i n a l   meta l   member  2  and  c e n t r a l   e l e c t r o d e   3 .  

The  s t r u c t u r e   of  the  r e s i s t o r   4  is  c o n s i d e r e d  

to  become  l i k e   the  one  shown  in  F i g . 2   c o m p r i s i n g   g l a s s  

42  of  which  p a r t i c l e   s i z e s   are  about   1 0  -   500jU  m, 

m a g n e t i c   s u b s t a n c e   41  and  c u r r e n t   pa th   43  ma in ly   made  o f  

carbon   and  formed  in  a  z i g z a g   s h a p e .   The  ca rbon   i s  

d i s p e r s e d   by  the  b i n d e r   to  adhere   wel l   to  the  g l a s s   42 

and  m a g n e t i c   s u b s t a n c e   41.  M a t e r i a l s   such  as  z i r c o n i a ,  

a l u m i n a ,   magnes i a   and  g l a s s   of  which  g r a i n   s i z e s   a r e  



l e s s   than  about   5,um  may  be  employed  for  the  b i n d e r .  

The  m a g n e t i c   s u b s t a n c e   41  a b s o r b s   h i g h  

f r e q u e n c y   no i se   c u r r e n t s ,   i . e . ,   the  m a g n e t i c   s u b s t a n c e  

41  r educes   high  f r e q u e n c y   n o i s e   c u r r e n t s   by  c o n v e r t i n g  

the  ene rgy   of  the  no i se   c u r r e n t s   to  the  m a g n e t i z a t i o n  

ene rgy   of  the  sp in   of  the  m a g n e t i c   s u b s t a n c e   41  a n d / o r  

to  a  j o u l e   h e a t .   T h e r e f o r e ,   the  r e l a t i v e   p e r m e a b i l i t y  

of  the  m a g n e t i c   s u b s t a n c e   41  is  r e q u i r e d   to  be  more  t h a n  

1 0 .  

The  f o l l o w i n g   may  be  used  for  the  m a g n e t i c  

s u b s t a n c e   4 1 .  

a.  F e r r i t e   of  a  r e v e r s e   s p i n e l   s t r u c t u r e  

composed  of  MIIO ·  Fe2O3  ( b e r y l l i u m   (Be),  m a n g a n e s e  

(Mn),  i ron   (Fe) ,   c o b a l t   (Co),  n i c k e l   (Ni ) ,   copper   ( C u ) ,  

z inc  (Zn),   magnesium  (Mg),  cadmium  (Cd),  l i t h i u m   (Li)  o r  

a  compound  m a t e r i a l   t h e r e o f   is  employed  for  the  b i v a l e n t  

meta l   MII . ) .  

b.  Hexagonal   c r y s t a l   f e r r i t e   such  as  BaO·6Fe2O3 ,  

PbO·6Fe2O3 and  S r O · 6 F e 2 O 3 .  

c.  a  compound  of  the  a  and  the  b 

d .   g a r n e t   f e r r i t e   (3R2O3·5Fe2O3)  

( y t t r i u m   (Y),  samarium  (Sm),  eu rop ium  (Eu),  cadmium 

(Cd),  t e r b i u m   (Tb),   d y s p r o s i u m   (Dy),  holmium  ( H o ) ,  

e rb ium  (Er) ,   t h u l i u m   (Tm),  y t t e r b i u m   (Yb)  and  l u t e t i u m  

(Lu)  are  employed  for  the  R . )  

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

the  r e s i s t o r   is  l i m i t e d   to  0 . 4  -   40  wt%.  When  l e s s   t h a n  



0.4  wt%  m a g n e t i c   s u b s t a n c e   is  c o n t a i n e d   in  the  r e s i s t o r ,  

the  r e s i s t o r   could   not  show  the  above  e f f e c t s .   On  t h e  

o t h e r   hand,   when  more  than  40  wt%  m a g n e t i c   s u s b t a n c e   i s  

c o n t a i n e d ,   due  to  the  l a r g e   ene rgy   l o s s   at  a  l o w  

f r e q u e n c y ,   the  p e r f o r m a n c e   is  d e t e r i o r a t e d .  

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

s u b s t a n c e   are  l i m i t e d   to  1 0  -   300  µ m .   When  p a r t i c l e  

d i a m e t e r s   of  the  m a g n e t i c   s u b s t a n c e   are  l e s s   than  1 0 µ m ,  

the  m a g n e t i c   s u b s t a n c e   me l t s   i n to   the  g l a s s   by  i t s  

r e a c t i o n   wi th   the  g l a s s   in  a  h e a t i n g   p r o c e s s   and  t h e r e b y  

causes   i t s   m a g n e t i c   p r o p e r t y   to  be  l o s t ,   i t s   a b s o r p t i o n  

of  high  f r e q u e n c y   no i se   c u r r e n t s   to  d e c r e a s e   and  i t s  

m a g n e t i c   domain  to  be  l o s t .  

Should  p a r t i c l e   d i a m e t e r s   of  the  m a g n e t i c  

s u b s t a n c e   be  l a r g e r   than  3 0 0 µ m ,   a  gap  t ends   to  o c c u r  

be tween  the  m a g n e t i c   s u b s t a n c e   and  the  g l a s s   b e c a u s e   t h e  

g l a s s   s o f t e n s   at  a  high  t e m p e r a t u r e   whi le   the  m a g n e t i c  

s u b s t a n c e   does  no t ,   and  thus   the  s t a b i l i t y   a n d  

d u r a b i l i t y   of  the  r e s i s t o r   4  d e c r e a s e .   In  a d d i t i o n ,   t h e  

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

exceed   10-1  ohm-cm.  When  the  s p e c i f i c   r e s i s t a n c e   i s  

l e s s   than  10-1  ohm.cm,  the  m a g n e t i c   s u b s t a n c e   b e c o m e s  

c o n d u c t i v e   and  thus   the  c u r r e n t   pa th   of  the  r e s i s t o r   4 

becomes  too  wide  to  o b t a i n   the  a f o r e s a i d   s t r u c t u r a l  

e f f e c t .  

The  g l a s s   42  is  c o n s i d e r e d   to  work  as  a n  

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



43  in  a  z igzag   s h a p e .  

The  s o f t e n i n g   t e m p e r a t u r e s   of  the  g l a s s   42 

shou ld   be  about   300  -   600°C.  The  s o f t e n i n g   t e m p e r a t u r e  

of  the  g l a s s   42  is  p r e f e r a b l y   more  than  about   300°  C 

b e c a u s e   the  spark   plug  is  h e a t e d   to  about   250°C  in  i t s  

use.   And  the  t e m p e r a t u r e   is  p r e f e r a b l y   l e s s   than  6 0 0 0  C  

in  o rde r   to  weld  the  r e s i s t o r   4  i n s i d e   the  i n s u l a t o r   1 

w i t h o u t   o x i d i z i n g   the  t e r m i n a l   meta l   member  2  and  t h e  

c e n t e r   e l e c t r o d e   3.  Such  g l a s s   as  l i t h i u m   (Li)  g l a s s ,  

s i l i c a   (SiO2)  g l a s s ,   b o r o s i l i c a t e   g l a s s   not  i n c l u d i n g  

l i t h i a   (Li2O),   and  soda  zinc  g l a s s   may  be  employed  f o r  

the  g l a s s   4 2 .  

P r o p o r t i o n   of  the  g l a s s   to  the  r e s i s t o r   4  i s  

l i m i t e d   to  25  -   75  wt%.  The  a f o r e s a i d   s t r u c t u r a l   e f f e c t  

cannot   be  o b t a i n e d   s u f f i c i e n t l y   when  the  g l a s s   c o n t e n t  

in  the  r e s i s t o r   4  is  not  more  than  25  wt%  and  the  amoun t  

of  the  m a g n e t i c   s u b s t a n c e   41  c o n t a i n e d   in  the  r e s i s t o r   4 

becomes  too  l i t t l e   if  the  g l a s s   c o n t e n t   exceeds   75  wt%. 

Grain   s i z e s   of  the  g l a s s   42  are  p r e f e r a b l y  

about   10  -   500µm.   Should  the  g r a i n   d i a m e t e r s   be  l e s s  

than  10µm,   the  g l a s s   42  t ends   to  s o f t e n   in  a  normal   u s e  

of  the  spark   p lug ,   and  t h e r e b y   the  c u r r e n t   pa th   becomes  

u n s t a b l e ,   and  shou ld   the  g r a i n   d i a m e t e r s   exceed   5 0 0 µ m ,  

a  gap  t ends   to  occur   between  the  g l a s s   and  the  c u r r e n t  

path   when  the  r e s i s t o r   4  is  be ing   welded  i n s i d e   t h e  

i n s u l a t o r   l .  

The  c u r r e n t   pa th   43  c o m p r i s i n g   0 . 2  -   0.6  wt% 



carbon   ( c o n d u c t o r )   and  a   b i n d e r   c o n s t i t u t i n g   the  r e s t  

are  formed  in  a  z i g z a g   shape  around  the  g l a s s   42  and  t h e  

m a g n e t i c   s u b s t a n c e   4 1 .  

The  spark   plug  of  t h i s   i n v e n t i o n   i s  

m a n u f a c t u r e d   by  f i l l i n g   and  s i n t e r i n g   and  we ld ing   t h e  

r e s i s t o r   4  between  the  t e r m i n a l   meta l   member  2  and  t h e  

c e n t e r   e l e c t r o d e   3  i n s i d e   the  i n s u l a t o r   1.  The  w e l d i n g  

t e m p e r a t u r e s   are  g e n e r a l l y   about   9 0 0 ° C .  

The  spark   plug  of  t h i s   i n v e n t i o n   i n c l u d e s   t h e  

g l a s s   42  and  m a g n e t i c   s u b s t a n c e   41  which  work  a s  

o b s t a c l e s   to  r a d i o   n o i s e   c u r r e n t s   and  form  the  c u r r e n t  

path   43  in  a  z i g z a g   shape  and  t h e r e b y   p r o v i d e s   t h e  

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

s u b s t a n c e   41  s u p p r e s s e s   g e n e r a t i o n   of  r a d i o   n o i s e  

c u r r e n t s   by  a b s o r b i n g   high  f r e q u e n c y   no i se   c u r r e n t s   a s  

men t ioned   b e f o r e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  e x a c t   n a t u r e   of  t h i s   i n v e n t i o n ,   as  w e l l  

as  o t h e r   o b j e c t s   and  a d v a n t a g e s   t h e r e o f ,   w i l l   b e  

a p p a r e n t   from  the  c o n s i d e r a t i o n   of  the  f o l l o w i n g  

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

the  a ccompany ing   d r a w i n g s   in  w h i c h :  

F i g . l   is  a  c r o s s   s e c t i o n a l   view  showing  t h e  

p r a c t i c a l   s t r u c t u r e   of  the  spark   plug  a c c o r d i n g   to  t h e  

embodiment   of  the  p r e s e n t   i n v e n t i o n ;  



F i g . 2   is  a  s t r u c t u r a l   view  showing  t h e  

m i c r o s c o p i c   s t r u c t u r e   of  the  r e s i s t o r   employed  in  t h e  

sprak   plug  of  the  p r e s e n t   i n v e n t i o n ;  

F i g . 3   is  a  graph  showing  the  measuremen t   o f  

the  f r e q u e n c y   c h a r a c t e r i s t i c s   of  i n t e n s i t y   of  the  n o i s e -  

f i e l d   r a d i a t e d   from  the  sp rak   plug  a c c o r d i n g   to  t h e  

embodiment   of  the  p r e s e n t   i n v e n t i o n   in  c o m p a r i s o n   w i t h  

the  c o n v e n t i o n a l   spark   p l u g ;  

F ig .4   is  a  graph  i l l u s t r a t i n g   the  n o i s e  

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

in  the  r e s i s t o r ;  

F i g . 5   is  a  graph  i l l u s t r a t i n g   the  n o i s e  

s u p p r e s s i o n   e f f e c t s   of  m a g n e t i c   s u b s t a n c e s   with  v a r i o u s  

p a r t i c l e   s i z e s   added  in  the  r e s i s t o r ;  

F i g . 6   is  a  s c h e m a t i c   i l l u s t r a t i o n   showing  a  

measuremen t   method  of  no i se   f i e l d   i n t e n s i t y :  

F i g . 7   is  a  s t r u c t u r a l   view  showing  t h e  

m i c r o s c o p i c   s t r u c t u r e   of  the  r e s i s t o r   employed  in  t h e  

c o n v e n t i o n a l   spark   p l u g :  

F i g . 8   is  a  graph  showing  the  measu remen t   o f  

the  no i se   s u p p r e s s i o n   e f f e c t   us ing   r e s i s t o r s   wi th   v a r i e d  

c o m p o s i t i o n   r a t i o   of  f e r r i t e ;   and  

F i g . 9   shows  the  c o m p o s i t i o n   of  the  r e s i s t o r  

of  the  p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 



The  p r e s e n t   i n v e n t i o n   is  e x p l a i n e d   h e r e u n d e r  

in  d e t a i l   wi th   a  d e s c r i p t i o n   of  a  p r e f e r r e d   e m b o d i m e n t  

t h e r e o f .  

An  embodiment   of  the  spark   plug  of  t h i s  

i n v e n t i o n   and  c o m p a r a t i v e   models   were  m a n u f a c t u r e d   a s  

f o l l o w s .   All  of  the  spark   p lugs   are  shaped   a s  

i l l u s t r a t e d   in  F i g . l .  

A  m i x t u r e   of  c a r b o n ,   g l a s s   whose  g r a i n   s i z e  

was  5µm  and  z i r c o n i a   at  a  p r o p o r t i o n   of  1  :   7 . 5  :   29 

were  d r y - g r o u n d e d   for  2  hours   by  means  of  a  v i b r a t i o n  

mi l l   to  p r o d u c e   a  m a t e r i a l   for  the  c u r r e n t   p a t h .   The 

g l a s s   was  composed,   by  w e i g h t ,   of  52  %  SiO2,  7  %  CaO,  37 

%  B2O3,  and  4  %  L i 2 0 .  

T h e r e u p o n ,   22.5  %  c u r r e n t   pa th   m a t e r i a l   t h u s  

p r e p a r e d , 7 2 . 5   %  g l a s s   whose  g r a i n   s i z e   is  2 0 0 µ m ,   and  5 

%  n i c k e l   z inc   f e r r i t e ,   by  w e i g h t ,   were  mixed  t o g e t h e r  

with  a  d e x t r i n e   aqueous   s o l u t i o n   and  a  

c a r b o x y m e t h y l c e l l u l o s e   aqueous   s o l u t i o n .   And  then  t h e  

m i x t u r e   was  d r i e d   and  s i e v e d   to  o b t a i n   a  r e s i s t o r  

m a t e r i a l   whose  g r a i n   s i z e   was  2 0 0 µ m .  

The  n i c k e l   z inc   f e r r i t e   was  composed  of  35 

mol  %  NiO,  15  mol  %  ZnO,  and  50  mol  %  Fe2O3.  

In  p l a c e   of  the  n i c k e l   z inc   f e r r i t e ,   r e s i s t o r  

m a t e r i a l s   r e s p e c t i v e l y   made  of  super   p e r m a l l o y   and  z i n c  

ox ide   f e r r i t e   were  a l so   m a n u f a c t u r e d   for  the  p u r p o s e   o f  

c o m p a r i s o n   as  shown  in  a  t a b l e .  

R e s i s t o r s   with  v a r i e d   c o m p o s i t i o n   w e i g h t  





r a t i o   of  f e r r i t e   were  a l so   m a n u f a c t u r e d .   F i g . 8   is  a  

graph  showing  the  measuremen t   of  the  no i se   s u p p r e s s i o n  

e f f e c t   u s ing   the  r e s i s t o r s .  

The  c e n t e r   e l e c t r o d e   3  was  i n s e r t e d   in  t h e  

lower  end  of  the  i n t e r n a l   p a s s a g e   of  the  i n s u l a t o r   1 

( a l u m i n a ) ,   then  0.26  g  of  copper   g l a s s   which  was  a  

m i x t u r e   of  g l a s s   composed,   by  w e i g h t , o f   64  %  Si02,   6  % 

Al2O3 ,   23  %  B2O3 and  7  %  Na20  and  copper   powder  at  a  

p r o p o r t i o n   of  1 :   1  was  f i l l e d   on  the  c e n t e r   e l e c t r o d e  

3,  then  a  p r e s s u r e   of  1 ,400  kg/cm2  was  a p p l i e d   onto  t h e  

copper   g l a s s ,   then  0.5  g  of  the  a b o v e - m e n t i o n e d   r e s i s t o r  

m a t e r i a l   was  added  on  the  copper   g l a s s   and  a  p r e s s u r e  

was  a p p l i e d   t h e r e o n   in  two  s u c c e s s i v e   p r o c e s s ,   then  0 . 4 6  

g  of  the  copper   g l a s s   was  p l a c e d   on  the  r e s i s t o r  

m a t e r i a l ,   and  then  a  p r e s s u r e   of  1 ,100  kg/cm2  was 

a p p l i e d   on  the  copper   g l a s s   by  means  of  t e r m i n a l   n u t .  

Then  the  spark   plug  was  p l a c e d   in  a  f u r n a c e   for  t h i r t y  

m i n u t e s   at  a  t e m p e r a t u r e   of  870°C  to  s o f t e n   the  g l a s s  

c o n t a i n e d   in  the  m a t e r i a l s   of  the  copper   g l a s s   a n d  

r e s i s t o r .   Then  the  spark   plug  was  t aken   out  of  t h e  

f u r n a c e   and  a  p r e s s u r e   of  1 ,000  kg/cm2  was  a p p l i e d   o n t o  

the  t e r m i n a l   nu t ,   and  t h e r e b y   the  r e s i s t o r   m a t e r i a l  

became  the  r e s i s t o r   4  and  the  two  p i e c e s   of  copper   g l a s s  

become  r e s p e c t i v e l y   the  copper   g l a s s   e l e c t r o d e s   51  and  

52.  In  a d d i t i o n ,   the  r e s i s t a n c e   va lue   of  the  r e s i s t o r   4 

was  c o n t r o l l e d   to  comply  with  J a p a n e s e   I n d u s t r i a l  

S t a n d a r d   ( J I S ) .  



A f t e r   the  i n s u l a t o r   1  was  c o o l e d ,   the  h o u s i n g  

6  having   an  e a r t h   e l e c t r o d e   8  was  p l a c e d   around  t h e  

i n s u l a t o r   1  to  o b t a i n   the  spark   plug  shown  in  F i g . l .  

For  the  pu rpose   of  c o m p a r i s o n ,   a  c o n v e n t i o n a l  

spark   plug  A  was  a l so   m a n u f a c t u r e d   in  the  same  p r o c e s s .  

The  r e s i s t e r   of  the  c o n v e n t i o n a l   spark   plug  A  was 

composed,   by  w e i g h t ,   of  0.9  %  c a r b o n ,   22.5  %  z i r c o n i a ,  

4.5  %  g l a s s   whose  g r a i n   s i z e s   are  s m a l l ,   and  72.5  % 

g l a s s   whose  g r a i n   s i z e s   are  l a r g e .  

The  no i se   f i e l d   i n t e n s i t y   was  measured   w i t h  

each  spark   plug  to  e v a l u a t e   i t s   n o i s e   s u p p r e s s i n g  

e f f e c t .   The  r e s u l t s   are  shown  in  F i g s . 3  -   5.  To  m e a s u r e  

the  no i se   f i e l d   i n t e n s i t y   of  the  spark   p l u g s ,   each  s p a r k  

plug  was  p l a c e d   under  4  b a r o m e t r i c   p r e s s u r e s  

a p p r o x i m a t e l y   e q u i v a l e n t   to  the  p r e s s u r e   in  an  e n g i n e .  

Then  a  d i s c h a r g e   aging  was  done  for  s e v e r a l   m inu te s   at  a 

r o t a t i o n   of  2,000  rpm.  T h e r e u p o n ,   no i se   f i e l d   i n t e n s i t y  

was  measured   at  v a r i o u s   f r e q u e n c i e s   by  means  of  a  n o i s e  

measu r ing   a p p a r a t u s   shown  in  F i g . 6 .   And,  the  m e a s u r e d  

v a l u e s   shown  in  F i g . 3  -   5  were  maximum  v a l u e s   m e a s u r e d  

at  each  f r e q u e n c y .  

With  r e f e r e n c e   to  F i g . 3   showing  the  n o i s e  

f i e l d   i n t e n s i t y   of  the  embodiment   of  the  spark   plug  o f  

t h i s   i n v e n t i o n   and  the  c o m p a r a t i v e   model  A,  the  n o i s e  

f i e l d   i n t e n s i t y   of  the  embodiment   is  d i s t i n c t l y   l o w e r  

than  t h a t   of  the  c o m p a r a t i v e   model  A  at  every   f r e q u e n c y .  

A c c o r d i n g l y ,   the  r ad io   no i se   s u p p r e s s i n g   e f f e c t   i s  



enhanced   by  the  spark   plug  of  t h i s   i n v e n t i o n .  

R e f e r r i n g   now  to  F i g . 4   showing  the  n o i s e  

s u p p r e s s i o n   e f f e c t s   of  the  spark   p l u g s ,   each  of  which  i s  

made  of  one  of  the  f i v e   k inds   of  m a g n e t i c   s u b s t a n c e s  

wi th   d i f f e r e n t   s p e c i f i c   r e s i s t a n c e s   and  r e l a t i v e  

p e r m e a b i l i t i e s   i n d i c a t e d   in  Table   1;  wi th   t h e  

c o m p a r a t i v e   model  A  be ing   with  c r i t e r i o n   of  c o m p a r i s o n ,  

the  n o i s e   s u p p r e s s i o n   e f f e c t   of  t h i s   i n v e n t i o n   can  b e  

o b t a i n e d   when  the  s p e c i f i c   r e s i s t a n c e s   are  l a r g e r   t h a n  

10  ohm  cm  and  the  r e l a t i v e   p e r m e a b i l i t i e s   are  more  t h a n  

1 0 .  

As  can  be  seen  in  F i g . 5   showing  a  c o m p a r i s o n  

of  n o i s e   s u p p r e s s i o n   e f f e c t s   of  v a r i o u s   g r a i n   s i z e s   o f  

n i c k e l   z inc   f e r r i t e   i n d i c a t e d   as  No.3  in  Table  1,  one  o f  

the  n e c e s s a r y   c o n d i t i o n s   for  o b t a i n i n g   the  e f f e c t s   o f  

t h i s   i n v e n t i o n   is  the  g r a i n   s i z e s   of  the  m a g n e t i c  

s u b s t a n c e   are  l a r g e r   than  1 0 µ m .  

FIG.8  is  a  graph  showing  the  measurment   o f  

the  n o i s e   s u p p r e s s t i o n   e f f e c t   us ing   the  r e s i s t o r s   w i t h  

v a r i e d   c o m p o s i t i o n   weight   r a t i o   of  f e r r i t e .   S ince   t o o  

l i t t l e   b i n d e r   w i l l   r e s u l t   in  i n s t a b i l i t y   of  t h e  

r e s i s t a n c e   v a l u e ,   not  l e s s   than  20  wt%  b i n d e r   i s  

p r e f e r a b l e .   C o n v e r s e l y ,   when  the  b i n d e r   is  not  l e s s   t h a n  

40  wt%  and  the  f e r r i t e   is  not  l e s s   than  40  wt%,  t h e  

no i se   s u p p r e s s i o n   e f f e c t   is  r educed   because   the  f e r r i t e  

canno t   be  s e a l e d   with  the  b i n d e r   and  g l a s s   of  200µm  i n  

g r a i n   s i z e .   F i g . 9   shows  the  c o m p o s i t i o n   of  the  c a r b o n  



and  b i n d e r ,   the  f e r r i t e   and  the  g l a s s   in  the  r e s i s t o r   o f  

the  p r e s e n t   i n v e n t i o n .  

The  spark   plug  of  t h i s   i n v e n t i o n   is  p r o v i d e d  

with  a  high  f r e q u e n c y   r ad io   wave  a b s o r b i n g   c i r c u i t   f o r  

s u p p r e s s i n g   r ad io   n o i s e s   which  c o m p r i s e s   a  r e s i s t o r  

c o n n e c t e d   between  a  t e r m i n a l   me ta l   member  and  a  c e n t e r  

e l e c t r o d e   in  s e r i e s .   A  m a g n e t i c   s u b s t a n c e ,   of  w h i c h  

g r a i n   s i z e s   of  the  g l a s s   are  l a r g e ,   ca rbon   and  b i n d e r  

are  employed  for  the  m a t e r i a l   of  the  r e s i s t o r   of  t h e  

spark   p l u g .  

As  se t   f o r t h   in  the  d e t a i l e d   d e s c r i p t i o n   o f  

the  embodiment ,   the  spark   plug  of  t h i s   i n v e n t i o n   a b s o r b s  

high  f r e q u e n c y   r ad io   n o i s e s   by  means   of  a  m a g n e t i c  

s u b s t a n c e   and  the  c u r r e n t   pa th   formed  in  a  z igzag   s h a p e  

by  g l a s s ,   of  which  g r a i n   s i z e s   are  l a r g e ,   and  t h e  

magne t i c   s u b s t a n c e ,   and  t h e r e b y   i n h i b i t s   r ad io   n o i s e s .  

Thus,   the  r ad io   no i se   s u p p r e s s i o n   e f f e c t   o f  

the  spark   plug  of  t h i s   i n v e n t i o n   is  g r e a t l y   enhanced   a s  

compared  with  c o n v e n t i o n a l   spark   p l u g s .  

T h e r e f o r e ,   when  the  spark   plug  of  t h i s  

i n v e n t i o n   is  employed  in  a  high  v o l t a g e   i g n i t i o n   c i r c u i t  

of  i n t e r n a l   c o m b u s t i o n   e n g i n e ,   i l l   e f f e c t s   caused   by  

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

in  a  v e h i c l e   can  be  p r e v e n t e d .   This  i n v e n t i o n   may  b e  

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

the  s p i r i t   or  e s s e n t i a l   c h a r a c t e r i s t i c   t h e r e o f .   The 

p r e s e n t   embodiment   is  t h e r e f o r e   to  be  c o n s i d e r e d   in  a l l  



r e s p e c t s   as  i l l u s t r a t i v e   and  not  r e s t r i c t i v e ,   the  s c o p e  

of  the  i n v e n t i o n   be ing   i n d i c a t e d   by  the  appended  c l a i m  

r a t h e r   than  by  the  f o r e g o i n g   d e s c r i p t i o n   and  a l l   c h a n g e s  

which  come  w i t h i n   the  meaning  and  range  of  e q u i v a l e n c y  

of  the  c l a im  are  t h e r e f o r e   i n t e n d e d   to  be  e m b r a c e d  

t h e r e i n .  



1.  A  spark   plug  c o m p r i s i n g :  

an  i n s u l a t o r   having  an  i n t e r n a l   p a s s a g e  

e x t e n d e d   in  the  a x i a l   d i r e c t i o n   of  s a id   spark   p l u g ,  

a  t e r m i n a l   meta l   member  f i t t e d   to  an  open  e n d  

of  s a id   i n t e r n a l   p a s s a g e   of  s a id   i n s u l a t o r ,  

a  c e n t e r   e l e c t r o d e   f i t t e d   in  the  o t h e r   o p e n  

end  of  s a id   i n t e r n a l   p a s s a g e   of  s a id   i n s u l a t o r ,   and  

a  r e s i s t o r   p o s i t i o n e d   be tween  s a i d   t e r m i n a l  

meta l   member  and  s a id   c e n t e r   e l e c t r o d e   i n s i d e   s a i d  

i n t e r n a l   p a s s a g e   of  s a id   i n s u l a t o r ,  

s a id   r e s i s t o r   is  made  of  a  s i n t e r e d   m a t e r i a l  

c o m p r i s i n g ,   by  w e i g h t ,   0 . 2  -   0.6  %  ca rbon ,   2 5  -  7 5   % 

g l a s s   of  which  s o f t e n i n g   t e m p e r a t u r e s   are  300  -   6000  C 

and  g r a i n   s i z e s   are  1 0  -   500µm,   0 . 4  -  4 0   %  m a g n e t i c  

s u b s t a n c e   and  a  b i n d e r   c o n s t i t u t i n g   the  r e s t .  

2.  The  spark   plug  a c c o r d i n g   to  c la im  1 ,  

in  which  the  c o m p o s i t i o n   of  s a id   r e s i s t o r  

i n c l u d e s   a  c u r r e n t   pa th   made  of  ca rbon   d i s p e r s e d   in  s a i d  

b i n d e r   and  formed  around  s a id   g l a s s   and  s a i d   m a g n e t i c  

s u b s t a n c e .  

3.  The  spark   plug  a c c o r d i n g   to  c l a im  1 ,  

in  which  s a id   b i n d e r   i n c l u d e s   at  l e a s t   two  o f  

such  e l e m e n t s   as  z i r c o n i a ,   a l u m i n a ,   magnes i a   and  g l a s s  



of  which  g r a i n   s i z e s   are  l e s s   than  5  µ  m. 

4.  The  spark   plug  a c c o r d i n g   to  c l a im  1,  in  w h i c h  

s p e c i f i c   r e s i s t a n c e   of  s a id   m a g n e t i c   s u b s t a n c e   is  more  

than  10  ohm  cm  and  r e l a t i v e   p e r m e a b i l i t y   is  more  than  1 0 .  

5.  The  spark   plug  a c c o r d i n g   to  c l a im  1,  in  w h i c h  

p a r t i c l e   d i a m e t e r s   of  s a id   m a g n e t i c   s u b s t a n c e   is  more  

than  1 0 µ m .  

6.  The  spark   plug  a c c o r d i n g   to  c la im  1,  in  w h i c h  

sa id   m a g n e t i c   s u b s t a n c e   is  f e r r i t e   of  a  r e v e r s e   s p i n e l  

s t r u c t u r e   composed  of  MIIO·Fe2O3. 

7.  The  spark   plug  a c c o r d i n g   to  c l a im  1,  in  w h i c h  

sa id   m a g n e t i c   s u b s t a n c e   is  h e x a g o n a l   c r y s t a l   f e r r i t e .  
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