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\**)  Engine  preheat  controller. 
©  Compression  ignition  engine  starting  system  includes 
one  or  more  fast  acting  non-self-limiting  electrically  powered 
glow  plugs  (10)  for  fast  cylinder  warm  up  and  actuating  means 
including  a  current  sensor  (14)  responsive  to  the  level  of 
curent  consumed  by  the  plugs  (which  level  is  a  function  of 
(heir  temperature),  a  comparator  (18)  determining  whether 

(he  current  exceeds  a  predetermined  level  and,  if  it  does, 
bringing  into  operation  a  timer  (20)  which  passes  current  to the  plugs  for  successive  spaced  limited  periods  only  while 
they  are  above  a  given  temperature  to  avoid  overheatina them. 
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ENGINE  PREHEAT  CONTROLLER 

T h i s   i n v e n t i o n   r e l a t e s   to   t he   c o n t r o l   a n d  

o p e r a t i o n   of  e l e c t r i c a l l y   p o w e r e d   p r e - h e a t i n g  

d e v i c e s ,   f o r   e x a m p l e   g low  p l u g s ,   u s e d   to   f a c i l i t a t e  

s t a r t - u p   f rom  c o l d   of  d i e s e l   or  o t h e r   c o m p r e s s i o n  

5  i g n i t i o n   e n g i n e s .  

The  i n c r e a s i n g   u s e   of  d i e s e l   e n g i n e s   in  l i g h t  

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

has   l e d   to   a  demand   f o r   q u i c k   and  e a s y   s t a r t i n g  

p r o c e d u r e s   so  t h a t   s t a r t - u p   f rom  c o l d   can  be  a c h i e v e d  

10  w i t h   l i t t l e   or  no  more   d i f f i c u l t y   t h a n   in  t h e  

c a s e   of  an  e n g i n e   h a v i n g   an  e l e c t r i c a l   i g n i t i o n  

s y s t e m .  

I t   has   l o n g   b e e n   known  to   p r o v i d e   e l e c t r i c a l l y  

p o w e r e d   g low  p l u g s   in  c y l i n d e r s   of  t he   e n g i n e  

15  to   p r e h e a t   them  f o r   s t a r t i n g   and ,   in  t he   p a s t ,  

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

v e h i c l e s ,   h e a t i n g   has   been   s l o w ,   an  a p p r e c i a b l e  

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

on  b e f o r e   s t a r t i n g   c o u l d   be  a c h i e v e d   by  c r a n k i n g  

20  t h e   e n g i n e .   Glow  p l u g s   f o r   t h i s   p u r p o s e   as  o r i g i n a l l y  

d e v e l o p e d   w e r e   s l o w   to   h e a t   up  bu t   were   s e l f - l i m i t i n g  

in  t h a t   t h e y   w o u l d   n o t   be  d a m a g e d   or  o v e r h e a t e d  

h o w e v e r   l o n g   c u r r e n t   was  a p p l i e d   to   t h e m .  

In  more  r e c e n t   t i m e s   g low  p l u g s   have   b e e n  

25  d e v e l o p e d   w h i c h   a c t   much  more  q u i c k l y ,   i . e .   a t t a i n  

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

bu t   t h e y   have   t h e   d i s a d v a n t a g e   t h a t   t h e y   a r e   n o t  

s e l f - l i m i t i n g ,   i f   c u r r e n t   is   a p p l i e d   to   them  c o n t i n u o u s l y  

t h e y   w i l l   c o n t i n u e   to   h e a t   b e y o n d   t h e i r   s a f e   w o r k i n g  

30  t e m p e r a t u r e   u n t i l   t h e y   b u r n   o u t .  

The  o b j e c t   of  t h e   i n v e n t i o n   is   to   p r o v i d e  
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a c t u a t i n g   means   f o r   p r e h e a t i n g   d e v i c e s ,   p a r t i c u l a r l y  

t h e   l a s t   m e n t i o n e d   f a s t   a c t i n g   n o n - s e l f - l i m i t i n g  

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

and  w h i c h   g i v e   s p e e d y   s t a r t - u p   of  the   e n g i n e   f r o m  

5  c o l d   w i t h o u t   any   s u b s t a n t i a l   r i s k   of  b u r n i n g   o u t  

or   o v e r l o a d i n g   t h e   h e a t i n g   d e v i c e s .  

A c c o r d i n g   to   t h e   i n v e n t i o n   t h e r e   is  p r o v i d e d  

a c t u a t i n g   m e a n s   f o r   one  or  more  e l e c t r i c a l l y   p o w e r e d  

p r e h e a t i n g   d e v i c e s   (10)   u s e d   to  f a c i l i t a t e   s t a r t - u p  
10  f rom  c o l d   of  a  c o m p r e s s i o n   i g n i t i o n   e n g i n e   c h a r a c t e r i s e d  

by  s w i t c h i n g   m e a n s   (12)   t h r o u g h   w h i c h   a  c i r c u i t  

(11)   s u p p l y i n g   p o w e r   to   t h e   d e v i c e   or  d e v i c e s  

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

(14)   f o r   m o n i t o r i n g   t h e   l e v e l   of  c u r r e n t   b e i n g  
15  t a k e n   by  t h e   d e v i c e   or   d e v i c e s   in  u s e ,   s a i d   c u r r e n t  

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

t h e   d e v i c e   or  d e v i c e s   a r e   o p e r a t i n g ;   c o m p a r a t o r  

means   (18)   c o n n e c t e d   to   an  o u t p u t   f rom  s a i d   s e n s i n g  

means   f o r   d e t e r m i n i n g   w h e t h e r   or  no t   a  v a l u e   r e p r e s e n t i n g  
20  s a i d   c u r r e n t   e x c e e d s   a  p r e d e t e r m i n e d   t h r e s h h o l d  

v a l u e ;   and  t i m i n g   m e a n s   (20)   c o n t r o l l e d   by  a n  

o u t p u t   f rom  t h e   c o m p a r a t o r   means  and  o p e r a t i n g  

to   a c t u a t e   s a i d   s w i t c h i n g   means   to   p a s s   c u r r e n t  

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

or   d e v i c e s   a r e   a b o v e   a  p r e d e t e r m i n e d   t e m p e r a t u r e  

to   a v o i d   o v e r h e a t i n g   b u t   p e r m i t t i n g   t he   d e v i c e  

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

s a i d   t e m p e r a t u r e .  

30  P r e f e r a b l y   t h e   or   e a c h   p r e h e a t i n g   d e v i c e  

i s   a  f a s t   a c t i n g   n o n - s e l f - l i m i t i n g   g low  p l u g .  

The  s w i t c h i n g   m e a n s   is   c o n v e n i e n t l y   a  r e l a y  

o p e r a t e d   by  a  c i r c u i t   of  t he   a c t u a t i n g   m e a n s ,  
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and  t h e   t i m i n g   m e a n s   i s   an  o s c i l l a t o r   o p e r a t i n g  

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

and  d u r a t i o n .  

The  o v e r r i d i n g   c o n t r o l   means   may  i n c l u d e  

5  o v e r r i d i n g   t i m i n g   m e a n s   d i s a b l i n g   t he   a c t u a t i n g  

m e a n s   a f t e r   a  p r e d e t e r m i n e d   p e r i o d   f rom  i n i t i a t i o n  

of  i t s   o p e r a t i o n   i f   t h e   e n g i n e   is   not   s t a r t e d  

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

One  e x a m p l e   of  t h e   i n v e n t i o n   is   now  m o r e  

10  p a r t i c u l a r l y   d e s c i b e d   w i t h   r e f e r e n c e   to   t he   a c c o m p a n y i n g  

d r a w i n g   b e i n g   a  b l o c k   d i a g r a m   of  an  e n g i n e   p r e h e a t  

c o n t r o l l e r .  

The  c o n t r o l l e r   i s   shown  c o n n e c t e d   i n t o   t h e  

e l e c t r i c a l   c i r c u i t   of  a  p a s s e n g e r   c a r   or  o t h e r  

15  v e h i c l e   h a v i n g   a  d i e s e l   or  o t h e r   c o m p r e s s i o n   i g n i t i o n  

e n g i n e .   The  e n g i n e   has   f a s t   a c t i n g   n o n - s e l f - l i m i t i n g  

g low  p l u g s   10  e a c h   in  a  r e s p e c t i v e   c y l i n d e r   i n  

known  m a n n e r   ( two   o n l y   shown  in  t he   d i a g r a m )   w h i c h  

a r e   p o w e r e d   f rom  t h e   b a t t e r y   of  t h e   v e h i c l e   t h r o u g h  

20  a  l e a d   11  by  way  of  s w i t c h i n g   c o n t a c t s   12  of  a  

r e l a y   13  r e f e r r e d   t o   f u r t h e r   h e r e a f t e r .  

Lead  11  i s   a l s o   c o n n e c t e d   t h r o u g h   a  c u r r e n t  

s e n s i n g   u n i t   14  of  known  k i n d   a r r a n g e d   in  p a r a l l e l  

w i t h   a  s h u n t   r e s i s t o r   1 5 .  

25  A  s e c o n d   l e a d   16  f r o m   t he   b a t t e r y   is   c o n n e c t e d  

t h r o u g h   an  i n d i c a t o r   l i g h t   17  to  t he   o p e r a t i n g  

c i r c u i t   of  t h e   c o n t r o l l e r   now  d e s c r i b e d .  

S e n s i n g   means   14  o p e r a t e s   to   m o n i t o r   t h e  

c u r r e n t   p a s s i n g   t o   p l u g s   10,  t he   c u r r e n t   l e v e l  

30  b e i n g   a  f u n c t i o n   of  t h e   t e m p e r a t u r e   a t   w h i c h   t h e y  

a r e   o p e r a t i n g ;   as  t h e   t e m p e r a t u r e   r i s e s   t h e   c u r r e n t  
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l e v e l   f a l l s .   O u t p u t   f rom  s e n s i n g   d e v i c e   14  i s  

a p p l i e d   t o   a  c o m p a r a t o r   18  w h i c h   p r o v i d e s   an  o u t p u t  

s i g n a l   d e p e n d e n t   on  w h e t h e r   or  not   the   s e n s e d  

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

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

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

o b t a i n e d   w i t h o u t   r i s k   of  t h e i r   b u r n i n g   o u t   o r  

b e c o m i n g   d a m a g e d   t h r o u g h   o v e r l o a d i n g .  

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

10  in  t h e   f o r m   of  an  o s c i l l a t o r   20  w h i c h ,   in  t h i s  

e x a m p l e ,   p r o v i d e s   o n / o f f   p u l s e s   e a c h   of  0 .1   s e c o n d s  

d u r a t i o n   a t   i n t e r v a l s   of  0 . 5   s e c o n d s ,   t h e   o u t p u t  

f r o m   t h e   o s c i l l a t o r   c o n t r o l l i n g   t he   o p e r a t i o n  

of  r e l a y   1 3 .  

15  When  s t a r t i n g   t h e   e n g i n e   f rom  c o l d   a  key  
' 

o p e r a t e d   or   o t h e r   " i g n i t i o n "   s w i t c h   21  is  t u r n e d  

on  to   a p p l y   c u r r e n t   to   t he   c i r c u i t   of  t he   c o n t r o l l e r  

and  i n d i c a t o r   l i g h t   17  w i l l   be  l i t .   R e l a y   c o n t a c t s  

12  w i l l   c l o s e   to   p a s s   c u r r e n t   to  p l u g s   10  a n d ,  

20  w h i l e   t h e y   a r e   c o l d   and  u n t i l   t h e y   r e a c h   t h e i r  

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

by  u n i t   14  w i l l   e x c e e d   t h e   t h r e s h h o l d   and  t h e  

o u t p u t   f r o m   c o m p a r a t o r   18  w i l l   be  a p p l i e d   to  c l a m p  

t h e   o s c i l l a t o r   so  t h a t   i t s   o u t p u t   is  no t   p u l s e d  

25  and  t h e   r e l a y   is   h e l d   on  c o n t i n u o u s l y .  

The  p l u g s   h e a t   r a p i d l y   and  the   c u r r e n t   l e v e l  

d r o p s   u n t i l   i t   f a l l s   be low  t h e   t h r e s h h o l d ,   i . e .  

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

l e v e l .   When  t h i s   h a p p e n s   c o m p a r a t o r   18  r e l e a s e s  

30  o s c i l l a t o r   20  f r e e i n g   i t   to   g e n e r a t e   the   p u l s e d  

o n / o f f   o u t p u t   w h i c h   t u r n s   o f f   r e l a y   13  e x c e p t  

d u r i n g   e a c h   b r i e f   0.1  s e c o n d   on  p e r i o d .  

! 

15  

20  

25  
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D u r i n g   e a c h   of  t h e s e   p e r i o d s   t he   a p p l i c a t i o n  

of  c u r r e n t   to   t h e   p l u g s   10  e n a b l e s   t h e   s e n s i n g  

u n i t   14  to   s a m p l e   t h e i r   t e m p e r a t u r e   as  a  f u n c t i o n  

of  t h e   c u r r e n t   l e v e l ,   i f   t h e y   have   c o o l e d   b e l o w  

5  t h e   t h r e s h h o l d   e . g .   b e c a u s e   an  a t t e m p t   to   s t a r t  

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

and  r e l a y   13  w i l l   be  c o n t i n u o u s l y   s w i t c h e d   o n  

to   b r i n g   t h e   p l u g s   b a c k   to   h e a t .   I f   t he   s a m p l i n g  

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

10  maximum  h e a t   t h e n   t h e   p u l s i n g   c o n t i n u e s ,   t he   b r i e f  

on  p e r i o d   no t   b e i n g   l o n g   e n o u g h   to   c a u s e   t h e m  

to   o v e r h e a t   or  b e c o m e   d a m a g e d .  

To  a v o i d   u n n e c e s s a r y   d r a i n   on  t h e   b a t t e r y  

a  s e c o n d   t i m e r   (23)   i s   p r o v i d e d   to   c u t   o f f   t o t a l l y  

15  t h e   c u r r e n t   to   t h e   p l u g s   a f t e r   a b o u t   90  s e c o n d s .  

T h i s   t i m e o u t   i s   r e s e t   on  s e l e c t i n g   i g n i t i o n   ( 2 1 )  

and  s t a r t u p   ( 2 2 ) .  

On  s t a r t i n g   t h e   t i m e r   (23 )   i s   r e s e t   so  t h a t  

a f t e r   c r a n k i n g ,   t h e   c o n t r o l l e r   w i l l   c o n t i n u e   t o  

20  o p e r a t e   to   c u t   down  on  e m i s s i o n s .   Time  of  ( 2 3 )  

d e p e n d s   on  t he   a m b i e n t   t e m p e r a t u r e .  

The  i n v e n t i o n   p r o v i d e s   a  s i m p l e ,   s p e e d y   a n d  

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

f rom  c o l d   w h i c h   can   be  c o n t r o l l e d   and  o p e r a t e d  
25  so  f a r   as  i s   a p p a r e n t   to   a  u s e r   of  t h e   v e h i c l e ,  

e . g .   a  p r i v a t e   c a r ,   in  an  a l m o s t   i d e n t i c a l   f a s h i o n  

to   and  a t   s u b s t a n t i a l l y   t h e   same  s p e e d   as  t h e  

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

up  f rom  c o l d   a  p e t r o l   f u e l l e d   e n g i n e   w i t h   e l e c t r i c a l  
3n  i g n i t i o n .  
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CLAIMS 

1.  A c t u a t i n g   means   f o r   one  or  more  e l e c t r i c a l l y  

p o w e r e d   p r e h e a t i n g   d e v i c e s   (10)   u s e d   to  f a c i l i t a t e  

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

c h a r a c t e r i s e d   by  s w i t c h i n g   means   (12)   t h r o u g h  

5  w h i c h   a  c i r c u i t   (11)   s u p p l y i n g   p o w e r   to   t he   d e v i c e  

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

means   ( 1 4 )   f o r   m o n i t o r i n g   the   l e v e l   of  c u r r e n t  

b e i n g   t a k e n   by  t h e   d e v i c e   or  d e v i c e s   in  u s e ,   s a i d  

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

10  a t   w h i c h   t h e   d e v i c e   or  d e v i c e s   a r e   o p e r a t i n g ;  

c o m p a r a t o r   m e a n s   (18 )   c o n n e c t e d   to   an  o u t p u t   f r o m  

s a i d   s e n s i n g   m e a n s   f o r   d e t e r m i n i n g   w h e t h e r   o r  

no t   a  v a l u e   r e p r e s e n t i n g   s a i d   c u r r e n t   e x c e e d s  

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

15  (20)   c o n t r o l l e d   by  an  o u t p u t   f rom  t h e   c o m p a r a t o r  

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

means   to   p a s s   c u r r e n t   to   t h e   d e v i c e   or  d e v i c e s  

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

o n l y   w h i l e   t h e   d e v i c e   or  d e v i c e s   a r e   above   a  p r e d e t e r m i n e d  

20  t e m p e r a t u r e   to   a v o i d   o v e r h e a t i n g   bu t   p e r m i t t i n g  

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

w h i l e   b e l o w   s a i d   t e m p e r a t u r e .  

2.  A c t u a t i n g   means   as  in  C l a i m   1  c h a r a c t e r i s e d  

in  t h a t   t h e   s w i t c h i n g   means   i n c l u d e s   a  r e l a y   ( 1 3 )  

25  o p e r a t e d   by  a  c i r c u i t   of  t he   a c t u a t i n g   m e a n s .  

3.  A c t u a t i n g   means   as  in  C l a i m   1  or  2  c h a r a c t e r i s e d  

in  t h a t   t h e   t i m i n g   means   i n c l u d e s   an  o s c i l l a t o r  

(20)   o p e r a t i n g   to   g e n e r a t e   o n / o f f   p u l s e s   of  p r e d e t e r m i n e d  

f r e q u e n c y   and  d u r a t i o n .  

30  4.  A c t u a t i n g   means   as  in  C l a i m   1,  2  or  3  c h a r a c t e r i s e d  

by  i n c l u d i n g   o v e r r i d i n g   c o n t r o l   means   (23)   f o r  



0 2 0 9 9 6 8  

7 .  

s e l e c t i v e l y   r e n d e r i n g   t h e   a c t u a t i n g   means   i n a c t i v e .  

5.  A c t u a t i n g   means   as  in  C l a i m   4  c h a r a c t e r i s e d  

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

o v e r r i d i n g   t i m i n g   means   (23)   o p e r a t i v e l y   d i s a b l i n g  
5  t h e   a c t u a t i n g   m e a n s   a f t e r   a  p r e d e t e r m i n e d   p e r i o d  

f r o m   i n i t i a t i o n   of  i t s   o p e r a t i o n   i f   t h e   e n g i n e  

f a i l s   to   s t a r t   w i t h i n   t h a t   p e r i o d .  

6.  A  s t a r t i n g   s y s t e m   f o r   a  c o m p r e s s i o n   i g n i t i o n  

e n g i n e   i n c l u d i n g   one  or  more  e l e c t r i c a l l y   p o w e r e d  
10  f a s t   a c t i n g   n o n - s e l f   l i m i t i n g   g low  p l u g s   (10)   c h a r a c t e r i s e d  

by  a c t u a t i n g   means   as  in  any   p r e c e d i n g   c l a i m .  

7.  A  s y s t e m   as  in  C l a i m   6  c h a r a c t e r i s e d   in  t h a t  

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

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

15  t h e   e n g i n e   has   s t a r t e d .  
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