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(55)  Glow  plug  having  two  spirals  for  diesel  engines  of  motor  vehicles. 
(57)  The  glow  plug  is  of  the  type  including  a  tubular  sheath  (3) 
secured  to  the  body  (1)  and  containing  two  electrical  spirals 
connected  in  series,  one  (5)  for  heating  and  other  one  (6)  for 
controlling  the  supply  current,  wherein  said  control  spiral  is  , inserted  into  the  sheath  zone  surrounded  by  the  body  (1  )  for  a  "*""""■ 
portion  higher  than  one  half  of  its  length  (Lc). 

The  invention  embodies  connection  of  two  spirals  by  an 
electrically  conductive  spacer  element  (17)  having  a  low 
thermal  conductivity.  6 

Advantages:  there  is  reduced  the  tolerance  range  of  the 
heating  curves  of  the  glow  plugs  with  the  aim  of  improving, 
in  steady  state,  the  maximum  temperature  control,  whereby 
the  engine  preheating  times  are  reduced  and  this  is  particu- 
larly  important  when  the  ambient  temperature  goes  below 
zero  centigrade  degrees. 

Application:  Glow  plug  for  diesel  engines  of  motor 
vehicles  (Fig.  1). 
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"GLOW  PLUG  HAVING  TWO  SPIRALS  FOR  DIESEL  ENGINES  OF  MOTOR 

VEHICLES" 

D e s c r i p t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  glow  plugs  having  two  

s p i r a l s   for  d i e s e l   eng ines   of  motor  v e h i c l e s .  

More  p a r t i c u l a r l y ,   the  i n v e n t i o n   r e l a t e s   to  glow  p l u g s  

i n c l u d i n g   an  hollow  meta l   body,  a  c u r r e n t   f e e d e r   and  a  t u b u l a r  

metal   sheath  which  is  secured   to  said  body  and  is  c losed  at  t h e  

t i p ,   in  which  s h e a t h   a  p o r t i o n   of  the  c u r r e n t   f e e d e r   and  two  

s e r i e s   connected  e l e c t r i c a l   s p i r a l s ,   one  for   hea t i ng   and  the  o t h e r  

one  for  c o n t r o l l i n g   the  supply  c u r r e n t ,   are  i n s e r t e d   and  embedded 

A 
in  an  i n s u l a t i n g   powder,  wherein  from  50  to  70%  of  the  l e n g h t   o f  

the  co t ro l   s p i r a l   is  i n s e r t e d   into  the  shea th   zone  su r rounded   by  s a i d  

body .  

As  i t   is   known ,   on  s t a r t i n g   t h e   e n g i n e ,   t h e   h e a t i n g  

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

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

p r e c o m b u s t i o n   c h a m b e r ,   i n t o   w h i c h   t h e   s h e a t h   p r o j e c t s   i n  

o r d e r   to  f a c i l i t a t e   t h e   s t a r t i n g   of   t h e   e n g i n e   at   low  t e m p e -  

r a t u r e s .  

On  t h e   o t h e r   h a n d ,   t h e   c o n t r o l   s p i r a l   p e r f o r m s   t h e  

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

i n t o   t he   two  s p i r a l s   when  t h e   t e m p e r a t u r e   i n c r e a s e s   i n  

o r d e r   to  a v o i d   t h e   s h e a t h   o v e r h e a t i n g   and  t h e r e f o r e   t h e  

b u r n o u t   of  one  or  b o t h   s p i r a l s .  

To  o b t a i n   t h i s   r e s u l t ,   t h e   c o n t r o l   s p i r a l   c o m p r i s e s  

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

f i c i e n t   of  r e s i s t e n c e   w i t h   r e s p e c t   to   t h a t   of  t h e   h e a t i n g  

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

lo-u  e l e c t r i c   r e s i s t a n c e   f o r   a l l o w i n g   t h e   p a s s a g e   of  a  

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

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

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

• t h i s   i n c r e a s e   b e i n g   c a u s e d   s u b s t a n t i a l l y   by  t h e   t h e r m a l  

i n f l u e n c e   of   t h e   h e a t i n g   s p i r a l ,   an  i n c r e a s e   of  i t s  

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

of   t h e   s u p p l y   c u r r e n t ,   r e s u l t i n g   in   c o n t r o l   of  t he   m a x i m u m  

s h e a t h   t e m p e r a t u r e   t h a t   i s   k e p t   w i t h i n   s u i t a b l e   l i m i t s .  

Known  d o u b l e   s p i r a l   g low  p l u g s   show  h e a t i n g   c u r v e s  

u s u a l l y   s i t u a t e d   b e t w e e n   two  l i m i t   c u r v e s - :   t h e   s u p e r i o r  

o n e ,   t e n d i n g ,   in  s t e a d y   s t a t e ,   to   a  maximum  t e m p e r a t u r e  

u s u a l l y   a m o u n t i n g   to  a b o u t   1 1 0 0 ° C   a n d ,   t h e   o t h e r   l o w e r  

c u r v e ,   t e n d i n g ,   in   s t e a d y   s t a t e ,   u s u a l l y   to  a b o u t   1 0 0 0 ° C .  

T h e r e f o r e ,   t h e   h e a t i n g   c u r v e s   o f   known  glow  p l u g s   l i e  

in   t h e   r a n g e   d e f i n e d   by  t h e   a b o v e   m e n t i o n e d   l i m i t   c u r v e s  

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

to  a b o u t   A   °C  =  100°C  ( H O O - 1 0 0 0 ) .  

T h i s   i s   due  to   v a r i o u s   p a r a m e t e r s   t h a t   I n f l u e n c e   t h e  

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

f rom  one  g low  p l u g   to  any  o t h e r   g low  p l u g   owing   t o  

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

a s s e m b l y   of  t h e   same  o n e s   i n t o   t h e   s h e a t h .  

T h e r e f o r e ,   when  t h e   h e a t i n g   c u r v e s   a r e   v e r y   n e a r  

to   t h e   l o w e r   l i m i t   c u r v e ,   i t   can   h a p p e n   t h a t   t h e   s t a r t i n g  

of  t h e   e n g i n e   can   be  i r r e g u l a r   or   p r e v e n t e d   when  t h e  

a m b i e n t   t e m p e r a t u r e s   a r e   b e l o w   0°C  and  t h i s   o c c u r s  

b e c a u s e   t h e   s h e a t h   r e a c h e s   t h e   n e c e s s a r y   t e m p e r a t u r e  
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for   the  i g n i t i o n   of  the  a i r / g a s   o i l   mixture   only  a f t e r   a  p r e h a t i n g  

time  h igher   t h a t   the  nominal  f o r e s e e n   t i m e .  

The  main  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   is  t ha t   of  r e d u c t i n g  

the  t o l e r a n c e   range  of  hea t i ng   curves  of  the  shea th   of  dual  s p i r a l  

glow  plugs  of  the  above  mentioned  t i p e   with  the  aim  of  g e t t i n g   a 

b e t t e r   c o n t r o l   of  maximum  s teady   t e m p e r a t u r e   and  so  r educ ing   t h e  

p r e h e a t i n g   t imes  of  the  engine ,   when  the  ambien  t e m p e r a t u r e   is  n e a r  

or  under  0°C. 

Another  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  manufac ture   t h e  

double  s p i r a l   by  an  a u t o m a t i z e d   process   for  r educ ing   the  p r o d u c t i o n  

cos t s   of  glow  p l u g s .  

The  above  ment ioned  o b j e c t s   are  reached  with  a  glow  plug  wh ich ,  

a cco rd ing   to  the  i n v e n t i o n ,   is  c h a r a c t e r i z e d   in  t h a t   the  two  s p i r a l s  

are  connected  to  each  ano the r   by  means  of  an  e l e c t r i c a l l y   c o n d u c t i v e  

space r   element  having  a  low  the rmal   c o n d u c t i v i t y ,   and  in  t ha t   t h e  

l engh t   of  such  spacer   e lement   is  comprised  betheen  8  and  18  mm,  t h e  

r a t i o   betheen  the  l engh t   of  the  c o n t r o l   s p i r a l   and  the  l engh t   of  t h e  

h e a t i n g   s p i r a l   being  h ighe r   than  3  and  the  p r o j e c t i o n   of  the  s h e a t h  

from  the  body  having  a  l engh t   comprised  betheen  20  and  30  mm. 

Owing  to  the  above  ment ioned  measures ,   the  the rmal   i n f l u e n c e  

of  the  hea t ing   s p i r a l   on  the  c o n t r o l   s p i r a l   is  reduced  to  a  minimum 

value ,   as,  on  the  one  hand,  the  two  s p i r a l s   are  t h e r m a l l y   s e p a r a t e d  

by  means  of  said  spacer   e lement   and,  on  the  o ther   hand,  the  c o n t r o l  

s p i r a l   is  kept  in  t he rmal   e q u i l i b r i u m   with  the  e x t e r n a l   t e m p e r a t u r e  

thanks   to  the  heat  t r a n s m i s s i o n   t h a t   occurs   th rough   the  plug  body,  so 

t h a t   the  c o n t r o l   s p i r a l   t e m p e r a t u r e   is  f i n a l l y   the  t e m p e r a t u r e   c a u s e d  

almost   e x c l u s i v e l y   by  the  c u r r e n t   f lowing  in  the  s p i r a l s .  
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T h i s   r e s u l t   i s   o b t a i n e d   b e c a u s e   of   t h e   s u b s t a n t i a l  

e l i m i n a t i o n   of  some  of  t h e   p a r a m e t e r s   t h a t   i n f l u e n c e   t h e  

h e a t i n g   c o n t r o l   s p i r a l   in  v a r i a b l e   way  owing   to  s a i d  

m a n u f a c t u r i n g   t o l e r a n c e s ,   t h e   h e a t i n g   c u r v e s   of  g l o w  

p l u g s   a c c o r d i n g   to  t h e   i n v e n t i o n   a r e   s i t u a t e d   in  a  v e r y  

r e d u c e d   r a n g e   t h a t   i s   k e p t   n e a r   and  u n d e r   t h e   c o n v e n t i o n a l  

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

t o l e r a n c e   i s   r e d u c e d   by  a b o u t   50%  of  t h e   t e m p e r a t u r e  

t o l e r a n c e   of  t h e   h e a t i n a   c u r v e s   of   known  g low  p l u g s .  

F u r t h e r ,   as  t h e   c o n n e c t i o n   of  t h e   two  s p i r a l s   i s  

o b t a i n e d   by  means   of   an  i n t e r m e d i a t e   e l e m e n t ,   t h e   m a n u f a c -  

t u r i n g   of  t h e   d o u b l e   s p i r a l   can   be  c a r r i e d   ou t   a d v a n t a -  

g e u s l y   by  s i m p l e   a u t o m a t i c   s y s t e m s ,   so  a v o i d i n g   t h e   c o s t l y  

L a s e r   or  p l a s m a   w e l d i n g   p r o c e s s e s   t h a t   were   r e q u i r e d  

u n t i l   t o - d a y   f o r   t h e   d i r e c t   c o n n e c t i o n   of  t h e   two  e n d s  

of   s p i r a l s .  

To  g i v e   an  i d e a   of  t h e   c o m p l e x i t y   of  t h e s e   k n o w n  

p r o c e s s e s ,   i t   i s   s u f f i c i e n t   to  r e m e m b e r ,   f o r   i n s t a n c e ,  

t h a t   t he   L a s e r   w e l d i n g   r e q u i r e s   t h a t   t h e   two  ends   o f  

s p i r a l s   to  be  c o n n e c t e d   be  m a i n t a i n e d   p e r f e c t l y   s i d e  

by  s i d e   and  t h a t   s a i d   e n d s   t e r m i n a t e   a t   t h e   same  l e v e l  

d u r i n g   t h e   w e l d i n g   p r o c e s s .   • 

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

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

a p p a r e n t   f rom  t h e   f o l l o w i n o   d e s c r i p t i o n   of  t h e   p r e f e r r e d  

b u t   no t   l i m i t i n a   e m b o d i m e n t   s h o w n ,   bv  way  of  e x a m p l e ,  

in  t h e   a n n e x e d   d r a w i n a s , .   in  w h i c h :  
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F i a .   1  s h o w s   in  l o n g i t u d i n a l   s e c t i o n   t h e   end  t i p   * 

of  a  two  s p i r a l s   g low  p l u g ,   a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g .   2  s h o w s ,   a g a i n   in  l o n g i t u d i n a l   s e c t i o n ,   a n o t h e r  

e m b o d i m e n t   of  t h e   g low  p l u g   a c c o r d i n g   to  t h e   i n v e n t i o n ;  

F i g .   3  s h o w s   t h e   b e h a v i o u r   v e r s u s   t i m e   ( t )   o f  

h e a t i n g   t e m p e r a t u r e   (Tc)   of  t he   s h e a t h   of  c o n v e n t i o n a l  

glow  p l u g s   ( c u r v e s   A,B)  and  of  t h e   s h e a t h   of  g low  p l u g s  

a c c o r d i n g   to  t h e   i n v e n t i o n   ( c u r v e s   A,  C);  a n d  

F i g .   4  s h o w s   t h e   b e h a v i o u r   of  t e m p e r a t u r e   ( T c )  

r e q u i r e d   of  t h e   s h e a t h   of  t he   glow  p l u q s   f o r   g e t t i n g  

m i x t u r e   i g n i t i o n ,   a t   s t a r t - u p ,   when  t he   e x t e r n a l   a m b i e n t  

t e m p e r a t u r e   (Ta )   c h a n g e s .  

R e f e r r i n g   to  t h e   F i g .   1  and  2,  t he   glow  p l u g   c o m p r i s e s  

an  h o l l o w   m e t a l   body  1,  a  c u r r e n t   f e e d e r   2  and  a  f u b u l a r  

m e t a l   s h e a t h   3,  w h i c h ,   a t   one  end ,   is   s e c u r e d   to  t h e  

i n t e r i o r   of  body   1  and ,   a t   t he   o t h e r   end  p r o t r u d e s   f r o m  

the   body  and  i s   c l o s e d   at   i t s   t i p .   The  sheath   p o r t i o n   of  l enght   Lg 

p r o t r u d i n g   f rom  t h e   body  1  f o r m s   t h e   glow  t u b e   t h a t  

ends   in  t h e   c o m b u s t i o n   c h a m b e r   or  p r e c o m b u s t i o n   c h a m b e r  

of  a  D i e s e l   e n g i n e .  

To  t h e   i n t e r i o r   of  t h e   s h e a t h   3,  c o m p a c t e d   in  a n  

i n s u l a t i n g   p o w d e r   4  s u c h   as  MgO,  a r e   i n s e r t e d ,   f rom  t h e  

open  end ,   t h e   end  of  t h e   c u r r e n t   f e e d e r   2  and  two  s e r i e s  

c o n n e c t e d   e l e c t r i c   s p i r a l   5  and  6:  t he   f i r s t   s p i r a l   h a s  

t he   f u n c t i o n   of  h e a t i n g   t he   s h e a t h   f o r   b r i n g i n g   t h e   l a t t e r  

to  glow  and  so  p r o m o t e   t h e   s t a r t   of  t he   e n g i n e   w h i l e   t h e  

s e c o n d   s p i r a l   has   t h e   f u n c t i o n   of  c o n t r o l l i n g   t h e   s u p p l y  

c u r r e n t   t h a t   f l o w s   t h e   s p i r a l s   in  o r d e r   to  p r e v e n t   t h e  
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sheath   r each ing   i n a d m i s s i b l e   high  t e m p e r a t u r e s .   Control   s p i r a l   6  i s  

i n s e r t e d   for   about   2/3  of  i t s   l engh t   (2/3  Lc)  in to   the  shea th   zone  

t h a t   is  su r rounded   .by  the  body  1.  The  oppos i t e   ends  of  the  two  s p i -  

r a l s   5,  6  are  c o n n e c t e d   r e s p e c t i v e l y   to  the  sheath   t i p   and  to  t h e  

end  of  the  c u r r e n t   f e e d e r   2 .  

According  to  the  i n v e n t i o n   the  o the r   two  ends  of  s p i r a l s   5  and 

6,  t h a t   is  the  ones  marked  5a  and  6a,  are  connected  to  one  a n o t h e r  

by  means  of  a  s p a c e r   e lement   7  or  8  t h a t   is  e l e c t r i c a l l y   c o n d u c t i v e  

and  has  a  low  t h e r m a l   c o n d u c t i v i t y .  

The  e lement   7  or  8,  t h a t   is  made  of  s t a i n l e s s   s t e e l   (Ni  -  Cr  

a l loy )   and  has  a  l e n g h t   Ld  of  some  m i l l i m e t e r s ,   gives  a  s p a c i n g  

between  the  two  s p i r a l s   and  thus  a  s u b s t a n t i a l   the rmal   s e p a r a t i o n  

of  the  same  and,  on  the  o t h e r   hand,  owing  to  i t s   low  t e rma l   c o n d u c -  

t i v i t y ,   r e d u c t s   hea t   t r a n s m i s s i o n ,   whereby,  i t   minimizes  the  t h e r m a l  

i n f l u e n c e   of  the  h e a t i n g   s p i r a l   5  on  the   c o n t r o l   s p i r a l   6 .  

On  the  o t h e r   hand,  s ince   the  c o n t r o l   s p i r a l   6  is  i n s e r t e d   f o r  

about  60  -  70%  of  i t s   l e n g h t   Lc  in to   the  zone  of  the  shea th   3  t h a t  

is  sur rounded  by  the  body  1,  i t   occurs   t h a t   the  body  t r a n s m i t   to  x 

o u t s i d e   the  heat   coming  from  the  h e a t i n g   s p i r a l   mainly  th rough   t h e  

shea th ,   so  min imiz ing   f u r t h e r   the  t h e r m a l   i n f l u e n c e   of  the  h e a t i n g  

s p i r a l   on  the  c o n t r o l   s p i r a l .  

I t   is  e v i d e n t   t h a t   the  l engh t   of  the  c o n t r o l   s p i r a l   t h a t   i s  

placed  in  the  i n t e r i o r   of  body  should  be  s e l e c t e d   in  r e l a t i o n   t o  
-  V 

o p t i m i z a t i o n   of  the   t h e r m a l   e q u i l i b r i u m   of  the  s p i r a l   with  r e s p e c t  

to  e x t e r n a l   t e m p e r a t u r e .  

Severa l   t e s t s   have  shown  t h a t   the  o p t i m i z a t i o n   o f  
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t h e   c o n t r o l   of  t h e   t e m p e r a t u r e   maximum  in  s t e a d y   g l o w  

p l u g   s t a t e   i s   go t   by  a  s p i r a l   6  i n s e r t e d   f o r   a  p o r t i o n  

h i g h e r   t h a n   one  h a l f   of  i t s   l e n g t h   Lc,  p r e f e r a b l y   by  

2 / 3   of   L c . i n   t he   s h e a t h   p a r t   p l a c e d   in  t h e   i n t e r i o r   o f  

t h e   body   1 .  

U s i n g   t h e   m a n u f a c t u r i n g   s o l u t i o n   s u g g e s t e d   by  t h e  

p r e s e n t   i n v e n t i o n ,   t he   h e a t i n g   c u r v e s   of   g low  p l u g s   v a r y  

in  a  r a n g e   of  t e m p e r a t u r e   t o l e r a n c e   v e r y   r e d u c e d   i n  

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

g low  p l u g s .   The  c o m p a r i s o n   i s   shown  in  F i g .   3  whe re   t h e  

l i m i t   c u r v e s   A  and  B  d e f i n e   t h e   t o l e r a n c e   r a n g e   of  k n o w n  

glow  p l u g s ,   w h i l e   t h e   c u r v e s   A  and  C  d e f i n e   t h e   t o l e r a n c e  

r a n g e ,   r e p r e s e n t e d   in  d o t t e d   l i n e s ,   of  g low  p l u g s   made  i n  

a c c o r d a n c e   to  t he   i n v e n t i o n .  

T h a t   i s ,   i t   can  be  n o t i c e d   t h a t   t h e   g r a p h   s h o w i n g  

t h e   s u p e r i o r   l i m i t   c u r v e   A  r e l a t e d   to  a l l   glow  p l u g   t y p e s ,  

t e n d s   to  1100°C   t e m p e r a t u r e ,   t h a t   i s   t h e   maximum  t e m p e r a -  

t u r e   t h e   s h e a t h   mus t   no t   e x c e e d ,   in  s t e a d y   s t a t e ,   to  a v o i d  

c o m p r o m i s i n g   the   s p i r a l s   l i f e ,   w h i l e   of  t h e   o t h e r   t w o  

l o w e r   l i m i t   c u r v e s   B  and  C,  r e l a t e d ,   r e s p e c t i v e l y ,   t o  

known  glow  p l u g s   and  to  glow  p l u g s   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   in  s t e a d y   c o n d i t i o n ,   t h e   f i r s t   one  t e n d s   t o  

1000  °C  t e m p e r a t u r e   t h a t   i s   t he   minimum  t e m p e r a t u r e   t h e  

s h e a t h   in  s t e a d y   c o n d i t i o n   mus t   r e a c h   f o r   a s s u r i n g   a t  

s t a r t   t he   m i x t u r e   i g n i t i o n   even   at   v e r y   low  a m b i e n t  

t e m p e r a t u r e s   and  w i t h i n   a c c e p t a b l e   p r e h e a t i n g   t i m e s  

and  t h e   s e c o n d   one  to  a  h i g h e r   t e m p e r a t u r e   of  1 0 5 0 ° C .  

T h e r e f o r e ,   in  s t e a d y   c o n d i t i o n ,   t h e   t e m p e r a t u r e  
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l o l e i a n c e   of  t h e   g low  p l u g s   i s   A ' ° C   =  50°C ,   t h a t   i s  

one  h a l f   of  t h e   /S.  °C  t o l e r a n c e   of   t h e   c o n v e n t i o n a l   g l o w  

p l u g s   of  t h e   same  t y p e .  

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

r e a c h e d   by  t h e   s h e a t h   in   s t e a d y   s t a t e   t h a t   i s   n o t   h i g h e r  

t h a n   1100°C  and  n o t   l o w e r   t h a n   1 0 5 0 ° C .  

In  p a r t i c u l a r ,   t e s t s   made  on  a  glow  p l u g   c o m p r i s i n g :  

-  one  c o n t r o l   s p i r a l   6  h a v i n g   l e n g h t   L c o f   a b o u t   20  mm 

and  i n s e r t e d   i n t o   t h e   body  by  more  t h a n   2 /3   of  i t s  

l e n g t h ,   t h a t   i s   by  a b o u t   15  mm; 

-  one  h e a t i n g "   s p i r a l   5  h a v i n g   a  l e n g h t   Lr  of  about  6mm; 

-  one  s h e a t h   3  p r o j e c t i n g   f rom  t h e   body  f o r   a b o u t   25  mm, 

a n d  

-  one  s p a c e r   e l e m e n t   8  h a v i n g   a  l engh t   Ld  of  about  14  mm  and 

a  sec t ion   of  about   3  -?  4  mm2, 

h a v e   shown  t h a t   t h e   s h e a t h   h e a t i n g   c u r v e   a f t e r   t w e l v e  

s e c o n d s   ( 1 2 " )   f rom  s t a r t   e n t e r e d   and  r e m a i n e d   s t a b i l i z e d  

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

b e t w e e n   1110°C   and  1 0 5 0 ° C   e v e n   a f t e r   3 0 " .  

In  a  more   g e n e r a l   way  and  u n d e r   t h e   same  c o n d i t i o n s  

i s   has  been   a l s o   a s c e r t a i n e d   t h a t ,   c h a n g i n g   t h e   l e n g t h   fl-g) 

of   t h e   s h e a t h   p o r t i o n   p r o j e c t i n g   f rom  t h e   body  b e t w e e n  

20  and  30  mm  and  w i t h   a  s p a c e r   e l e m e n t   8  h a v i n g   a  l e n g t h  

c o m p r i s e d   b e t w e e n   8  and  18  mm,  t h e   h e a t i n g   c u r v e   of  t h e  

s h e a t h ,   w i t h i n   r e a s o n a b l e   t i m e s ,   e n t e r e d   and  r e m a i n e d  

s t a b i l i z e d   w i t h i n   t h e   a b o v e   m e n t i o n e   t o l e r a n c e   r a n g e .  
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I t   may  t h u s   be  c o n c l u d e d   t h a t   s a t i s f a c t o r y   r e s u l t s  

a re   o b t a i n e d   w i t h   a  g low  p lug   of  t h e   t y p e   s p e c i f i e d   i n  

t h e   p r e a m b l e ,   h a v i n g   h o w e v e r :   a  s p a c e r   e l e m e n t   8  s h o w i n g  

a  l e n g h t   Ld  c o m p r i s e d   b e t w e e n   8  and  18  mm;  a  c o n t r o l   s p i -  

r a l   6  of  a  l e n g h t   Lc;  and  a  h e a t i n g   s p i r a l   5  of  a  I s n g h t  

Lr,  t h e   l e n g h t   r a t i o   L c / L r   b e i n g   h i g h e r   t h a n   3  ( i . e .   L c / . L r  

>  3)  ,  t h e   s h e a t h   3  p r o t r u d i n g   f rom  t h e   body  1  f o r   a 

l e n g h t   Lg  c o m p r i s e d   b e t w e e n   20  and  30  mm. 

F u r t h e r   i s   was  n o t i c e d   t h a t   t h e   s p a c e r   e l e m e n t   8 ,  

w h i c h   as  a b o v e   s a i d ,   has  a  low  t h e r m a l   c o n d u c t i v i t y ,   b y  

o b s t r u c t i n g   t h e   h e a t   t r a n s m i s s i o n   f rom  t h e   h e a t i n g   s p i -  

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

h e a t   c o n c e n t r a t i o n   at  t h e   s h e a t h   e n d .  

More  p a r t i c u l a r l y ,   i t   was  n o t i c e d   t h a t   t h e   h o t t e s t  

p a r t   of  t h e   s h e a t h   i s   l o c a t e d   at  a  d i s t a n c e   of  f rom  t o  

1  to  1 ,5   mm  f rom  t h e   end  of  t h e   s h e a t h ,   d i f f e r e n t l y   f r o m  

what   o c c u r s   in  known  two  s p i r a l s   glow  p l u g s   in  w h i c h   t h e  

h o t t e s t   p a r t   i s   l o c a t e d   at  a  d i s t a n c e   of  a b o u t   3  mm  f r o m  

t h e   e n d .  

The  h e a t   c o n c e n t r a t i o n   at  t h e   s h e a t h   end  has  t h e  

a d v a n t a g e   of  p o s i t i o n n i n g   t h e   more  i n c a n d e s c e n t   p a r t   o f  

t h e   s h e a t h   c l o s e   to   t h e   a x i s   of  t h e   f u e l   (gas   o i l )   j e t  

and  t h e r e f o r e   of  c a u s i n g   a  q u i c k e r   i g n i t i o n   of  a i r / g a s  

o i l   m i x t u r e .  

The  a b o v e   shows   t h a t   t he   p r e h e a t i n g   t i m e s   of  g l o w  

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

t h e   a m b i e n t   t e m p e r a t u r e   d e s c e n d s   to   v a l u e s   n e a r   or  u n d e r   0 ° C  
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F u r t h e r   t h e   g r a p h   of  F i g .   3  shows  t h e   r e d u c t i o n   o f  

p r e h e a t i n g   t i m e s :   in   f a c t   t h e   c u r v e   C  r e a c h e s   t h e   t e m p e -  

r a t u r e   of  1 0 0 0 ° C   in  a  t i m e   l o w e r   t h a n   30  sec   and  t h e  

t e m p e r a t u r e   of   8 5 0 ° C   in  6-7  s ec   i n s t e a d   of  r e s p e c t i v e l y  

30  s e c   and  6-8  s e c   t h a t   a r e   t h e   t i m e s   r e q u i r e d   f o r   r e a c h i n g  

t h e   same  t e m p e r a t u r e s   w i t h   an  h e a t i n g   a c c o r d i n g   to   t h e  

c u r v e   B .  

■  For   b e t t e r   u n d e r s t a n d i n g   t h e   g r a p h   of  F i g .   3,  t h e  

F i g .   4  s h o w s   t h e   b e h a v i o u r   of  t h e   t e m p e r a t u r e   Tc  r e q u i r e d  

of  t h e   s h e a t h   f o r   c a u s i n g   i g n i t i o n .   of  t h e   m i x t u r e   when  t h e  

a m b i e n t   t e m p e r a t u r e   Ta  c h a n g e s .  

I t   can  be  n o t i c e d   t h a t   when  Ta  d e c r e a s e s ,   t h e   h e a t i n g  

t e m p e r a t u r e   Tc  i n c r e a s e s   p a s s i n g ,   f o r   e x a m p l e ,   f rom  a n  

h e a t i n g   t e m p e r a t u r e   of   a b o u t   800°C  a t   an  a m b i e n t   t e m p e r a t u r e  

of  + 1 0 ° C ,   to   a  h e a t i n g   t e m p e r a t u r e   of  a b o u t   1 1 0 0 ° C   a t   a n  

a m b i e n t   t e m p e r a t u r e   of  - 2 0 ° C .   T h e r e f o r e ,   t h e   l o w e r   t h e  

a m b i e n t   t e m p e r a t u r e s ,   t h e   h i g h e r   t h e   p r e h e a t i n g   t i m e s ,   n a m e l y  

t h e   t i m e s   r e q u i r e d   f o r   r a i s i n g   t h e   s h e a t h   t e m p e r a t u r e   to   t h e  

n e c e s s a r y   v a l u e   f o r   c a u s i n g   t h e   m i x t u r e   i g n i t x o n .  

The  F i g .   1  s h o w s   a  s p a c e r   e l e m e n t   c o n s i s t i n g   of  a 

s h a p e d   p i n   7,  w h i l e   t h e   F i g .   2  shows  t h i s   e l e m e n t   c o n s i s t i n g  

of  a  t u b u l a r   or  d r i l l e d   e l e m e n t   8.  The  c o n n e c t i o n   of  t h e  

ends   5a  and  6a  >   s p i r a l s   5  and  6  w i t h   t h e   s p a c e r   e l e m e n t   7 

i s   made  by  means   of   n o r m a l   e l e c t r i c   r e s i s t a n c e   w e l d i n g  

w h i l e   t h e   c o n n e c t i o n   of  t h e s e   ends   5a  and  6a  w i t h   t h e   e l e m e n t  

8  i s   made  by  c a l k i n g .   However   i t   i s   a p p a r e n t   t h a t   any  o t h e r  

e l e c t r i c   or  m e c h a n i c a l   a n c h o r i n g   s y s t e m   can  be  u s e d   a c c o r d i n g  

to  p r a c t i c a l   e x i g e n c e s .  
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I t   i s   t h u s   p o s s i b l e   to  a u t o m a t i z e   t h e   c o n n e c t i n g  

o p e r a t i o n s   of  p a r t s   and  o b t a i n   d o u b l e   s p i r a l s   u s i n g  

an  a u t o m a t i z e d   p r o c e s s   t h a t ,   as  i t   i s   w e l l   known,   i s   m o -  

r e   q u i c k   and  e c o n o m i c   t h e n   t h e   w e l d i n g   p r o c e s s   by  L a s e r  

or  p l a s m a   t e c h n i c s   t h a t   were   u s e d   up  to   t h i s   t i m e   f o r  

c o n n e c t i n g   d i r e c t l y   t h e   two  s p i r a l   e n d s .  

Of  c o u r s e ,   t h e   p r i n c i p l e   of  t h e   i n v e n t i o n   is  n o t  

l i m i t e d   to  t h e s e   c o n s t r u c t i o n   d e t a i l s   and  e m b o d i m e n t s ,  

b u t   can  be  s u s c e p t i b l e   of  c h a n g e s   and  i m p r o v e m e n t s   w i t h  

r e s p e c t   to  wha t   d e s c r i b e d   and  shown  w i t h o u t   d e p a r t i n g  

f o r   t h i s   f rom  t h e   s c o p e   of  t h e   i n v e n t i o n .  
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C L A I M S  

1.  Glow  p l u g   f o r   d i e s e l   e n g i n e s   of  m o t o r   v e h i c l e s   o f  

t h e   t y p e   c o m p r i s i n g   an  h o l l o w   m e t a l   body  (1)  ,  a  c u r r e n t  

f e e d e r   (2)  and  a  t u b u l a r   m e t a l   s h e a t h   (3)  w h i c h   i s  

s e c u r e d   to  t h e   body  and  c l o s e d   a t   t h e   t i p ,   in  w h i c h  

s h e a t h   a  p o r t i o n   of  t h e   c u r r e n t   f e e d e r   and  two  s e r i e s  

c o n n e c t e d   e l e c t r i c a l   s p i r a l s ,   one  f o r   h e a t i n g   (5)  a n d  

t h e   o t h e r   (6)  f o r   c o n t r o l l i n g   t h e   s u p p l y   c u r r e n t ,   a r e  

i n s e r t e d   and  e m b e d d e d   in  an  i n s u l a t i n g   p o w d e r   (4)  , 

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

t h a n   one  h a l f   of  i t s   l e n g h t   (Lc)  ,  p r e f e r y b l y   f o r   a b o u t  

2 / 3   of  i t s   l e n g h t ,   i n t o   t h e   s h e a t h   zone   w h i c h   i s   s u r r o u n d e d  

by  t h e   body  (1)  ,  c h a r a c t e r i z e d   in   t h a t   t h e   two  s p i r a l s  

( 5 , 6 )   a r e   c o n n e c t e d   to  e a c h   o t h e r   by  means   of  an  e l e c t r i -  

c a l l y   c o n d u c t i v e   s p a c e r   e l e m e n t   ( 7 , 8 )   h a v i n g   a  low  t h e r m a l  

c o n d u c t i v i t y   and  a  l e n g h t   (Ld)  c o m p r i s e d   b e t h e e n   8  a n d  

18  mm  w i t h   a  r a t i o   b e t h e e n   t h e   l e n g h t   (Lc)  of  t h e   c o n t r o l  

s p i r a l   (6)  and  t h e   l e n g h t   (Lr)   of  t h e   h e a t i n g   s p i r a l   ( 5 )  

h i g h e r   t h a n   3  ( L c / L r   >  3)  and  w i t h   a  s h e a t h   (3)  p r o j e c t i n g  

f r o m   t h e   body  (1)  f o r   a  l e n g h t   (Lg)  c o m p r i s e d   b e t h e e n   20  

and  30  mm,. 

2.  Glow  p l u g   a c c o r d i n g   to   c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   s p a c e r   e l e m e n t   c o m p r i s e s   s  p in   ( 7 ) .  

3.  Glow  p l u g   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   s p a c e r   e l e m e n t   c o m p r i s e s   a  t u b u l a r   e l e m e n t   ( 8 ) .  
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4 . . G l o w   p l u g   a c c o r d i n g   to  t h e   p r e v i o u s   c l a i m s   , 

c h a r a c t e r i z e d   in  t h a t   t h e .   c o n n e c t i o n   of  t h e   e n d s  

(5a ,   6a)  of  the  s p i r a l s   w i t h   t h e   s p a c e r   e l e m e n t   i s  

p e r f o r m e d   by  means   of  e l e c t r i c   w e l d i n g .  

5.  Glow  p l u g   a c c o r d i n g   to  c l a i m s   1,  2  and  3,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   c o n n e c t i o n   of  t h e   ends   (5a ,   6a)  o f  

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

m e c h a n i c a l   a n c h o r i n g .  

6.  Glow  p l u g   as  d e s c r i b e d   and  shown  in  t h e   a n n e x e d  

d r a w i n g s .  
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