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g)  Apparatus  for  maintaining  a  diesel  engine  at  a  ready-to-start  temperature. 
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©  Apparatus  for  maintaining  a  diesel  engine  (12)  at  a 
ready-to-start  temperature  includes  a  sensor  (22)  respon- 
sive  to  the  falling  of  the  engine  block  temperature  to  a 
predetermined  low  value  to  actuate  a  starter  (72)  of  the 
engine  for  up  to  a  predetermined  maximum  period  of  time 
and  to  actuate  fuel  supply  means  of  the  engine.  A  pressure 
switch  (38)  responds  to  the  attainment  of  a  predetermined 
engine  oil  pressure  corresponding  to  an  engine  running 
condition  to  cause  de-actuation  of  the  starter  and  con- 
tinuance  of  the  actuation  of  the  fuel  supply  means  to  con- 
tinue  running  of  the  diesel  engine  (12).  The  temperature 
sensor  (22)  responds  to  the  raising  of  the  engine  block 
temperature  to  a  predetermined  high  value  to  cause  deactu- 
ation  of  the  fuel  supply  and  thereby  to  stop  the  diesel  engine 
(12). 
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The  invention  relates  to  apparatus   for  maintaining  a  diesel  engine  a t  

a  r eady- to - s t a r t   t empe ra tu r e .   The  invention  is  par t icular ly,   although  no t  

exclusively,  applicable  to  large  diesel  engines  of  the  kind  which  are  used  in 

trucks,  earth  moving  vehicles,  and  military  veh ic les .  

It  is  well  known  that  it  is  difficult   to  start   many  types  of  d iesel  

engines  in  cold  weather   and,  so  far  as  the  inventor  is  aware,  no  s a t i s f a c t o r y  

apparatus  is  current ly  available  which  will  maintain  a  large  diesel  engine  a t  

a  r eady- to - s t a r t   t empera tu re   without  drawing  heavily  on  a  ba t te ry   or  

requiring  an  external   power  source.  Apparatus   is  known  which  is  operable  to  

periodically  start   and  run  internal  combustion  engines  of  the  kind  inc luding 

spark  plugs,  ignition  coils  and  associated  e lectr ical   equipment  and 

carburet tors ,   but  such  apparatus  cannot  be  sa t i s fac tor i ly   used  with  a  d iesel  

engine .  

It  is  therefore   an  object  of  the  invention  to  provide  apparatus  which  

will  sa t i fac tor i ly   periodically  start  and  run  a  diesel  engine,  especially  a 

large  diesel  engine,  without  draining  a  ba t tery   or  requiring  an  e x t e r n a l  

power  source .  

According  to  the  present  invention  there  is  provided  apparatus  fo r  

maintaining  a  diesel  engine  at  a  r e a d y - t o - s t a r t   t empe ra tu r e ,   the  d iese l  

engine  comprising  an  engine  block,  a  s ta r te r   and  fuel  supply  m e a n s ,  
character ised   in  that  the  apparatus  comprises  means  responsive  to  t h e  

engine  block  t e m p e r a t u r e   falling  to  a  p rede te rmined   low  value  to  a c t u a t e  

the  s tarter   for  up  to  a  p rede te rmined   period  of  time  and  to  actuate   the  fue l  

supply  means,  means  respons ive  



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

c o r r e s p o n d i n g   t o   an  e n g i n e   r u n n i n g   c o n d i t i o n   t o  

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

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

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

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

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

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

T h u s ,   as  s o o n   as  t h e   e n g i n e   b l o c k  

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

v a l u e ,   f o r   e x a m p l e   a b o u t   9 0 ° F   ( 3 2 ° C 3 . ,   t h e  

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

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

v a l u e ,   f o r   e x a m p l e   a b o u t   1 5 0 ° F   ( 6 5 ° C  ) ,   a t   w h i c h  

t i m e   t h e   e n g i n e   i s   s t o p p e d .   When  t h e   p r e d e t e r m i n e d  

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

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

m a x i m u m   p e r i o d   o f   t i m e ,   f o r   e x a m p l e   a b o u t   7 ( s e v e n )  

s e c o n d s ,   and   e n g i n e   s t a r t i n g   i s   s e n s e d   by  t h e  

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

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

a  r e a d y - t o - s t a r t   t e m p e r a t u r e .  

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

r e s p o n s i v e   t o   t h e   e n d   o f   t h e   p r e d e t e r m i n e d   p e r i o d  

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

t h e   e n g i n e   h a s   s t a r t e d .   T h u s ,   i n i t i a l   s t a r t - u p  

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

i d l i n g   s p e e d ,   w i t h   t h e   e n g i n e   s p e e d   b e i n g   i n c r e a s e d  

to   an  a p p r o p r i a t e   h i g h e r   v a l u e   a t   t h e   end   of   t h e  

p r e d e t e r m i n e d   p e r i o d   o f   t i m e .   Means   may  a l s o   b e  



p r o v i d e d   to   o b t a i n   a  h i g h e r   t h a n   n o r m a l   i d l i n g  

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

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

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

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

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

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

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

i s   i n d i c a t e d .   The  a p p a r a t u s   may  a l s o   i n c l u d e  

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

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

to  p r e v e n t   a  f u r t h e r   s t a r t   a t t e m p t   b e i n g   m a d e .  

The  f a i l u r e   of   t h e   e n g i n e   t o   s t a r t   a t   t h e  

p r e d e t e r m i n e d   low  e n g i n e   b l o c k   t e m p e r a t u r e   a l m o s t  

c e r t a i n l y   m e a n s   t h a t   some  f a u l t   r e q u i r i n g  

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

a p p a r a t u s   d o e s   n o t   make  f u r t h e r   s t a r t   a t t e m p t s  

w h i c h   may  c a u s e   f u r t h e r   d a m a g e .  

The  m e a n s   r e s p o n s i v e   to   t h e   f a l l i n g   o f  

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

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

c o m p r i s e   an  e l e c t r i c a l   r e s i s t o r   w h o s e   r e s i s t a n c e  

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

The  m e a n s   r e s p o n s i v e   to   t h e   f a l l i n g   o f  

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

low  v a l u e   and   t h e   m e a n s   r e s p o n s i v e   to   t h e  

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

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

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

t e m p e r a t u r e   t o   t h e   p r e d e t e r m i n e d   low  v a l u e   t o  



a c t u a t e   t h e   s t a r t e r   and   t h e   f u e l   s u p p l y   m e a n s  
and   to   h o l d   t h e   e l e c t r i c a l   m e a n s   in   i t s   o p e r a t e d  

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

r i s e n   to   t h e   p r e d e t e r m i n e d   h i g h   v a l u e .  

S u c h   e l e c t r i c a l   m e a n s   may  c o m p r i s e   r e l a y  

m e a n s   a c t u a t e d   by  t h e   a t t a i n m e n t   o f   t h e  

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

p r e d e t e r m i n e d   low  e n g i n e   b l o c k   t e m p e r a t u r e   t o  

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

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

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

m a i n t a i n   a  r e l a y   o p e r a t i n g   v o l t a g e   u n t i l   t h e   e n g i n e  

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

h i g h   v a l u e .  

One  e m b o d i m e n t   of   t h e   i n v e n t i o n   w i l l   n o w  

be  d e s c r i b e d   by  way  o f   e x a m p l e ,   w i t h   r e f e r e n c e   t o  

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

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

l a r g e   d i e s e l   e n g i n e   a t   a  r e a d y - t o - s t a r t   t e m p e r a t u r e .  

R e f e r r i n g   to   t h e   d r a w i n g ,   a p p a r a t u s   i s  

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

e n g i n e   12  a t   a  r e a d y - t o - s t a r t ' t e m p e r a t u r e ,   t h e  

d i e s e l   e n g i n e   12  b e i n g   of   t h e   k i n d   w h i c h   h a s   a  

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

c o m p r i s e s   an  o p e r a t i o n a l   a m p l i f i e r   14  w i t h   8 

t e r m i n a l s   n u m b e r e d   1  to   8.  T e r m i n a l   6  i s  

c o n n e c t e d   t h r o u g h   r e s i s t o r s   R7  a n d   R8  to   a  v o l t a g e  

s u p p l y   l i n e   16  w h i c h   i s   c o n n e c t e d   t h r o u g h   d i o d e   D3 

a n d   an  o n / o f f   s w i t c h   17  to   t h e   p o s i t i v e   t e r m i n a l  



of   t h e   b a t t e r y   18  of   t h e   e n g i n e   12.   T h e  

j u n c t i o n   of   r e s i s t o r s   R7  and   R8  i s   c o n n e c t e d  

to   t h e   b a s e   of   a  t r a n s i s t o r   Tl   w h o s e   e m i t t e r  

i s   c o n n e c t e d   to   v o l t a g e   s u p p l y   l i n e   16  a n d  

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

R9  to   one  end   of   t h e   c o i l   of   a  r e l a y   Y l .   A 

d i o d e   D2  i s   c o n n e c t e d   a c r o s s   t h e   e n d s   of   t h e  

r e l a y   c o i l ,   and   t h e   o t h e r   e n d   of   t h e   r e l a y   c o i l  

i s   c o n n e c t e d   to   g r o u n d .   T e r m i n a l   7  of   a m p l i f i e r  

14  i s   c o n n e c t e d   d i r e c t l y   t o   v o l t a g e   s u p p l y   l i n e   1 6 .  

T e r m i n a l   2  of   a m p l i f i e r   14  i s   c o n n e c t e d  

t h r o u g h   l i n e   20  t o   an  e n g i n e   b l o c k   t e m p e r a t u r e  

s e n s o r   22  w h i c h   c o m p r i s e s   a  t h e r m i s t o r   w i t h   a  

n e g a 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   w h i c h   s e n s e s  

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

e n g i n e .   T h u s ,   as  t h e   e n g i n e   b l o c k   t e m p e r a t u r e  

f a l l s ,   t h e   e l e c t r i c a l   r e s i s t a n c e   of   t h e   s e n s o r   22  

i n c r e a s e s .   T e r m i n a l   2  i s   a l s o   c o n n e c t e d   t h r o u g h  

r e s i s t o r   R10  to   v o l t a g e   s u p p l y   l i n e   16.  T e r m i n a l  

3  i s   c o n n e c t e d   t o   t h e   j u n c t i o n   o f   r e s i s t o r s   R5  a n d  

R6  c o n n e c t e d   b e t w e e n   v o l t a g e   s u p p l y   l i n e   16  a n d  

g r o u n d .   T e r m i n a l   4  i s   c o n n e c t e d   to   g r o u n d ,   a n d  

t e r m i n a l s   1,  5  and   3  a r e   n o t   u s e d .  

R e l a y   Yl  h a s   two  n o r m a l l y   o p e n   c o n t a c t s  

24,   26,   a  n o r m a l l y   c l o s e d   c o n t a c t   28,   and   t w o - w a y  

c o n t a c t   29.   C o n t a c t   24  i s   c o n n e c t e d   b e t w e e n  

v o l t a g e   s u p p l y   l i n e s   16  and   r e s i s t o r   R12  w h i c h   i s  

c o n n e c t e d   to   e n g i n e   b l o c k   t e m p e r a t u r e   s e n s o r  

l i n e   20.   C o n t a c t   26  i s   c o n n e c t e d   b e t w e e n   v o l t a g e  

s u p p l y   l i n e   16  and   a  l i n e   30  t h r o u g h   a  r e s i s t o r  



to   a  f a i l e d   s t a r t   i n d i c a t o r   31,   w h i c h   w i l l   b e  

d e s c r i b e d   i n   m o r e   d e t a i l   l a t e r .   C o n t a c t   28  

i s   c o n n e c t e d   to   l i n e   34  w h i c h   i s   c o n n e c t e d   t o  

t h e   j u n c t i o n   b e t w e e n   r e s i s t o r   R4  a n d   one  end   o f  

t h e   c o i l   o f   r e l a y   Y3,  r e s i s t o r   R4  b e i n g  

c o n n e c t e d   to   v o l t a g e   s u p p l y   l i n e   16 ,   and   t h e  

o t h e r   e n d   of   t h e   c o i l   o f   r e l a y   Y3  b e i n g  

c o n n e c t e d   to   g r o u n d .   N o r m a l l y ,   c o n t a c t   2 8  

c o n n e c t s  l i n e   34  to   g r o u n d   b u t ,   when   r e l a y   Y l  

i s   e n e r g i z e d ,   c o n t a c t   28  d i s c o n n e c t s   l i n e   3 4  

f r o m   g r o u n d .   L i n e   34  i s   a l s o   c o n n e c t e d   to   l i n e  

36  w h i c h   i s   c o n n e c t e d   t o   an  o i l   p r e s s u r e  
s w i t c h   38  i n   t h e   l u b r i c a t i n g   o i l   c i r c u i t   of   t h e  

e n g i n e .   When  t h e   o i l   p r e s s u r e   i n   e n g i n e   12  i s  

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

38  c o n n e c t s   l i n e s  3 4   and   36  t o   g r o u n d .   When  t h e  

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

t h e   o i l   p r e s s u r e   s w i t c h   38  d i s c o n n e c t s   l i n e s   3 4  

and   36  f r o m   g r o u n d .  

An  e l e c t r o n i c   t i m e r   40  h a s   e i g h t  

t e r m i n a l s   n u m b e r e d   1  to   8.  T e r m i n a l   8  i s  

c o n n e c t e d   t h r o u g h   r e s i s t o r   R16  and   l i n e   4 2  

t o   n o r m a l l y   c l o s e d   c o n t a c t   74  o f   o v e r r i d e  

s w i t c h   73  w h i c h   i s   c o n n e c t e d   to   l i n e   16.   T e r m i n a l  

2  i s   c o n n e c t e d   t h r o u g h   r e s i s t o r   Rl  t o   l i n e   16  a n d  

a l s o   t h r o u g h   l i n e   21  to   t h e   n o r m a l l y   o p e n   t e r m i n a l  

o f   c o n t a c t   29  o f   r e l a y   Yl .   C a p a c i t o r   Cl  i s  

c o n n e c t e d   b e t w e e n   t h e   common  t e r m i n a l   o f   c o n t a c t  

29  and   g r o u n d .   R e s i s t o r   R17  i s   c o n n e c t e d   b e t w e e n  

t h e   n o r m a l l y   c l o s e d   t e r m i n a l   o f   c o n t a c t   29  a n d  



g r o u n d .   T e r m i n a l   8  i s   a l s o   c o n n e c t e d   t h r o u g h  

c a p a c i t o r   C4  to   g r o u n d .  

T e r m i n a l   6  and   7  a r e   c o n n e c t e d   t h r o u g h  

r e s i s t o r   R2  t o   l i n e   16  a n d   t h r o u g h   c a p a c i t o r   C3  

to   g r o u n d .   T e r m i n a l   3  i s   c o n n e c t e d   t h r o u g h  

r e s i s t o r   R3  to   t h e   b a s e   of   t r a n s i s t o r   T2  w i t h   a  

d i o d e   Dl  b e i n g   c o n n e c t e d   b e t w e e n   t e r m i n a l   3  a n d  

g r o u n d .   The  c o l l e c t o r   o f   t r a n s i s t o r   T2  i s  

c o n n e c t e d   to   l i n e   16  and   t h e   e m i t t e r   i s   c o n n e c t e d  

to   one  e n d   of  r e l a y   c o i l   Y2.  The  o t h e r   e n d   o f  

c o i l   Y2  i s   c o n n e c t e d   to   g r o u n d .   T e r m i n a l   1  i s  

c o n n e c t e d   to   g r o u n d ,   and   t e r m i n a l  5   i s   c o n n e c t e d  

t h r o u g h   c a p a c i t o r   C2  t o   g r o u n d .   T e r m i n a l   4  i s  

c o n n e c t e d   by  l i n e   44  t o   a  t r a n s m i s s i o n   and   h o o d  

d e t e c t o r   s w i t c h   46  w h i c h   w i l l   be  d e s c r i b e d   i n  

more   d e t a i l   l a t e r .  

R e l a y   Y2  h a s   two  c o n t a c t s   48,   50  a n d  

r e l a y   Y3  h a s   two  c o n t a c t s   52 ,   54 .   N o r m a l l y   o p e n  
c o n t a c t   48  i s   c o n n e c t e d   b e t w e e n   t h e   p o s i t i v e  

t e r m i n a l   of   b a t t e r y   18  a n d  l i n e   56  w h i c h   i s  

c o n n e c t e d   to   t h e   common  t e r m i n a l   of   t w o - w a y  

c o n t a c t   54  and   to   f a i l e d   s t a r t   i n d i c a t o r   3 2 .  

T w o - w a y   c o n t a c t   50  h a s   a  common  t e r m i n a l   c o n n e c t e d  

t h r o u g h   l i n e   62  t o   t h e   p o s i t i v e   t e r m i n a l   o f  

b a t t e r y   18  and   n o r m a l l y   c o n n e c t s   l i n e   62  t h r o u g h  

l i n e   64  to   a  t h r o t t l e   up  s o l e n o i d   66  in   t h e  

d i e s e l   e n g i n e   12 .   The  f u n c t i o n   o f   t h e   t h r o t t l e  

up  s o l e n o i d   66  w i l l   be  e x p l a i n e d   l a t e r .   T h e  

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

68  t o   t h e   o p e n   t e r m i n a l s   of   c o n t a c t s   52  and   5 4  



and   by  l i n e   58  to   f u e l   c o n t r o l   s o l e n o i d   60  w h i c h  

c o n t r o l s   f u e l   s u p p l y   to   t h e   d i e s e l   e n g i n e   1 2 .  

N o r m a l l y   o p e n   c o n t a c t   52  h a s   i t s   c o m m o n  

t e r m i n a l   c o n n e c t e d   to   l i n e   62  a n d ,   when   c l o s e d ,  

c o n n e c t s   v o l t a g e  s u p p l y   l i n e   62  t h r o u g h   l i n e   5 8  

to   t h e   f u e l   c o n t r o l   s o l e n o i d   60 .   T w o - w a y   c o n t a c t  

54  n o r m a l l y   c o n n e c t s   l i n e   56  t h r o u g h   l i n e   70  t o  

t h e   e n g i n e   s t a r t e r   72,   and   w h e n   r e l a y   Y3  i s  

e n e r g i z e d   c o n t a c t   54  c o n n e c t s   l i n e   56  t o   l i n e   5 8  

i n s t e a d   o f   t o   l i n e   7 0 .  

As  p r e v i o u s l y   m e n t i o n e d ,   l i n e   64  i s  

c o n n e c t e d   t o   a  t h r o t t l e - u p   s o l e n o i d   66 ,   a n d  

t h r o t t l e - u p   s o l e n o i d   66  i s   c o n n e c t e d   to   t h e   o i l  

p r e s s u r e   s w i t c h   38  w h i c h ,   when   t h e   o i l   p r e s s u r e  
i s   a t   t h e   e n g i n e   r u n n i n g   v a l u e ,   c o n n e c t s   t h e  

t h r o t t l e   up  s o l e n o i d   66  to   g r o u n d   to   c o m p l e t e  

t h e   c i r c u i t   t h e r e t h r o u g h .  

The  o p e r a t i o n   o f   t h e   c i r c u i t   as  so  f a r  

d e s c r i b e d   w i l l   now  be  e x p l a i n e d ,  a s s u m i n g   t h a t  

t h e   d i e s e l   e n g i n e   12  i s   i n s t a l l e d   in   a  t r u c k   o r  

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

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

l e s s   t h a n   400F  ( 4 ° C . ) .   W h i l e   t h e   d i e s e l   e n g i n e  

12  i s   r u n n i n g ,   t h e   t e m p e r a t u r e   of   t h e  e n g i n e  

b l o c k   w i l l   be  a t   l e a s t   1 5 0 ° F   ( 6 5 0 C ) .   When  t h e  

o p e r a t o r   s w i t c h e s   o f f   t h e   e n g i n e ,   t h e   o p e r a t o r  

a l s o   c l o s e s   t h e   m a i n   s w i t c h   17  of   t h e   r e a d i n e s s -  

m a i n t a i n i n g   c i r c u i t .   O w i n g   t o   t h e   r e l a t i v e l y  

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

b l o c k   s e n s o r   22  h a s   a  low  r e s i s t a n c e   and   t h e  



a m p l i f i e r   14  d o e s   n o t   p r o d u c e   a  s u f f i c i e n t   v o l t a g e  

a t   t h e   b a s e   of  t r a n s i s t o r   Tl  to   e f f e c t   c o n d u c t i o n  

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

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

t e m p e r a t u r e   s e n s o r   22  i n c r e a s e s   and   t h e r e b y   c a u s e s  

t h e   v o l t a g e   a t   t e r m i n a l   2  of  t h e   a m p l i f i e r   14  t o  

i n c r e a s e .  

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

h a s   f a l l e n   to   800F  ( 2 7 ° C ) ,   t h e   v o l t a g e   a t   t e r m i n a l  

2  of   a m p l i f i e r   14  h a s   r i s e n   to   a  v a l u e   s u c h   t h a t  

t h e   v o l t a g e   on  t h e   b a s e   of   t r a n s i s t o r   Tl  c a u s e s  

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

Y l .   T h u s ,   c o n t a c t   24  c o n n e c t s   r e s i s t o r   R12  b e t w e e n  

v o l t a g e   s u p p l y   l i n e   16  and  t e r m i n a l   2  of   a m p l i f i e r  

14,   t h e r e b y   p u t t i n g   r e s i s t o r   R12  in   p a r a l l e l   w i t h  

r e s i s t o r   R10,   and   t h u s   r a i s i n g   t h e   v o l t a g e   a t  

t e r m i n a l   2  to   a  h i g h e r   v a l u e .   As  w i l l   be  m o r e  

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

a t   t e r m i n a l   2  w i l l   n o t   f a l l   to   a  v a l u e   c a u s i n g  

t r a n s i s t o r   Tl  to   c e a s e   c o n d u c t i o n   u n t i l   t h e   e n g i n e  

b l o c k   t e m p e r a t u r e   s e n s o r   22  h a s   s e n s e d   a  t e m p e r a t u r e  

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

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

t r a n s i s t o r   T l .   In  t h i s   e m b o d i m e n t ,   t h e   a r r a n g e m e n t  

i s   s u c h   t h a t   t h e   c o n d u c t i o n   of  t r a n s i s t o r   Tl  w i l l  

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

r e a c h e s   1 5 5 ° F   ( 6 8 ° C ) .  

E n e r g i z a t i o n   of   r e l a y   Yl  a l s o   c a u s e s  

c o n t a c t   26  to   c o n n e c t   v o l t a g e   s u p p l y   l i n e   16  t o  

l i n e   30,  to   r e s i s t o r   R13  and   t h e   f a i l e d   s t a r t  



i n d i c a t o r   31.   A l s o ,   c o n t a c t   28  o p e n s ,   a n d   c o n t a c t  

29  c o n n e c t s   t e r m i n a l   2  of   a m p l i f i e r   to   c a p a c i t o r  

Cl  i n s t e a d   o f   to   r e s i s t o r   R17,   t h e r e b y   a c t u a t i n g  

t i m e r   40  w i t h   r e s u l t a n t   c o n d u c t i o n   o f   t r a n s i s t o r  

T2  and   e n e r g i z a t i o n   o f   r e l a y   Y 2 .  

E n e r g i z a t i o n   o f   r e l a y   Y2  c a u s e s   c o n t a c t  

48  to   c o n n e c t   l i n e   56  to   t h e   p o s i t i v e   t e r m i n a l   o f  

b a t t e r y   18 ,   and   t h e r e b y   s u p p l y   v o l t a g e   t h r o u g h  

l i n e   70  t o   t h e   s t a r t e r   72.   E n e r g i z a t i o n   of   r e l a y  

Y2  a l s o   c a u s e s   c o n t a c t   50  t o   c o n n e c t   v o l t a g e  

s u p p l y   l i n e   62  to   l i n e   68  i n s t e a d   of   t o   t h e   t h r o t t l e  

up  s o l e n o i d   l i n e   64 .   The  c o n s e q u e n t   v o l t a g e   s u p p l y  

l i n e  6 8   t h u s   s u p p l i e s   v o l t a g e   to   l i n e   58  t o   c a u s e  

o p e r a t i o n   o f   f u e l . c o n t r o l   s o l e n o i d   60.   T h u s ,  

t h e   s t a r t e r   72  i s   o p e r a t e d   and   f u e l   i s   s u p p l i e d   t o  

t h e  e n g i n e   by  o p e r a t i o n   o f   t h e   f u e l   c o n t r o l  

s o l e n o i d   60 .   I f   t h e   e n g i n e   12  s t a r t s   w i t h i n   t h e  

o p e r a t i n g   p e r i o d   of   t h e   t i m e r ,   i . e .   w i t h i n   7 ( s e v e n )  

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

i n c r e a s e   t o   a  v a l u e   s u f f i c i e n t   to   a c t u a t e   t h e   o i l  

p r e s s u r e   s w i t c h   38,  w i t h   t h e   r e s u l t   t h a t   l i n e   36 

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

Y3  to   be  e n e r g i z e d   f r o m   t h e   v o l t a g e   s u p p l y   l i n e   1 6  

t h r o u g h   r e s i s t o r   R4.  A c t u a t i o n   o f   t h e   o i l   p r e s s u r e  
s w i t c h   38  a l s o   c o n n e c t s   t h r o t t l e   up  s o l e n o i d   66  t o  

g r o u n d .  

E n e r g i z a t i o n   o f   r e l a y   Y3  c a u s e s   c o n t a c t  

52  t o   c o n n e c t   v o l t a g e   s u p p l y   l i n e   62  t h r o u g h   l i n e  

58  to   t h e   f u e l   c o n t r o l   s o l e n o i d   60 ,   t h e r e b y  

m a i n t a i n i n g   t h e   s u p p l y   of   f u e l   to   t h e   e n g i n e  



12,  and  c a u s e s   c o n t a c t   54  t o   d i s c o n n e c t   s t a r t e r  

l i n e   70  f r o m   v o l t a g e   s u p p l y   l i n e   68 ,   t h e r e b y  

d i s c o n t i n u i n g   o p e r a t i o n   of   t h e   s t a r t e r   72.  T h e  

e n g i n e   t h e r e f o r e   now  r u n s   a t   a  s p e e d   s e t   by  t h e  

f u e l   c o n t r o l   s o l e n o i d   60,   f o r   e x a m p l e   an  i d l i n g  

s p e e d   of   6 0 0 - 8 0 0   rpm.   a n d ,   a t   t h e   e n d   of   t h e   7 ( s e v e n )  

s e c o n d   t i m e   p e r i o d ,   t h e   t i m e r   40  d e - e n e r g i z e s  

r e l a y   Y2.  C o n t a c t   48  o p e n s ,   and   c o n t a c t   50  

c o n n e c t s   s u p p l y   l i n e   62  to   t h r o t t l e   up  s o l e n o i d   66  

i n s t e a d   of   to  l i n e   68.  S i n c e   o i l   p r e s s u r e   s w i t c h  

38  h a s   a l r e a d y   b e e n   a c t u a t e d ,   t h r o t t l e   up  s o l e n o i d  

66  i s   t h e n   a c t u a t e d   to   c a u s e   t h e   e n g i n e   12  t o  

o p e r a t e   a t   a  h i g h e r   s p e e d ,   f o r   e x a m p l e   900  t o  

1000  r p m .  

T h u s ,   t h e   e n g i n e   w i l l   now  r u n   a t   t h e  

h i g h e r   s p e e d   u n t i l   t h e   e n g i n e   t e m p e r a t u r e   r e a c h e s  
1 5 5 ° F   (68 °C),  at  which  time  the  r e s i s t a n c e   of  the  e n g i n e  

b l o c k   t e m p e r a t u r e   s e n s o r   22  w i l l   h a v e   f a l l e n   t o  

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

a t   t e r m i n a l   2  of   a m p l i f i e r   14  t o   f a l l   to   a  v a l u e  

to  c a u s e   t r a n s i s t o r   Tl  to   c e a s e   c o n d u c t i o n .   R e l a y  

Yl  i s   t h e n   d e - e n e r g i z e d   so  t h a t   c o n t a c t   28  g r o u n d s  

l i n e   34  t o   d e - e n e r g i z e   r e l a y   Y3.  D e - e n e r g i z a t i o n  

of   r e l a y   Y3  c a u s e s   c o n t a c t   52  t o   r e m o v e   v o l t a g e  

f r o m   t h e   f u e l   c o n t r o l   s o l e n o i d   60,   and   t h e   e n g i n e  

t h e r e f o r e   s t o p s .   D e - e n e r g i z a t i o n   of   r e l a y   Yl  a l s o  

c a u s e s   c o n t a c t s   24  and   26  t o   o p e n ,   and   d e -  

e n e r g i z a t i o n   of   r e l a y   Y3  a l s o   c a u s e s   c o n t a c t   54  t o  

r e - c o n n e c t   l i n e   56  to   s t a r t e r   l i n e   7 0 .  

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



t h e   e n g i n e   b l o c k   t e m p e r a t u r e   a g a i n   f a l l s   b e l o w  
800F  ( 2 7 ° C ) ,   w h e r e u p o n   t h e   p r e v i o u s l y   d e s c r i b e d  

s e q u e n c e   r e - o c c u r s .   T h u s ,   t h e   e n g i n e   i s   m a i n t a i n e d  

a t   a  r e a d y - t o - s t a r t   t e m p e r a t u r e ,   b e i n g   s t a r t e d  

w h e n e v e r   t h e   e n g i n e   b l o c k   t e m p e r a t u r e   f a l l s   b e l o w  
80°F  ( 2 7 0 C ) ,   w i t h   e a c h   e n g i n e   r u n n i n g   s t a g e   b e i n g  

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

r e a c h e d   1 5 5 ° F   ( 6 8 ° C )  .  

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

7 ( s e v e n )   s e c o n d   p e r i o d   o f   o p e r a t i o n   o f   t h e   t i m e r  

40,   r e l a y   Y3  w i l l   n o t   h a v e   b e e n   e n e r g i z e d   b y  

e n g i n e   o i l   p r e s s u r e ,   a n d   r e l a y   Y2  w i l l   be  d e -  

e n e r g i z e d   a t   t h e   e n d   of   t h e   7 ( s e v e n )   s e c o n d   t i m e  

p e r i o d .   S i n c e   t h e   e n g i n e   b l o c k   t e m p e r a t u r e   d o e s  

n o t   r i s e ,   a m p l i f i e r   14  w i l l   k e e p   r e l a y   Yl  e n e r g i z e d  

w i t h   t h e   r e s u l t   t h a t   t i m e r   40  w i l l   n o t   be  r e -  

a c t i v a t e d .   T h u s ,   i f   t h e   e n g i n e   d o e s   n o t   s t a r t   w i t h i n  

t h e   7 ( s e v e n )   s e c o n d   t i m e   p e r i o d ,   no  f u r t h e r   s t a r t s  

a r e   a t t e m p t e d .  

In   a d d i t i o n ,   t h e   t r o u b l e   l i g h t   i n d i c a t o r  

31  i s   p r o v i d e d   to   i n d i c a t e   s u c h   an  o c c u r r e n c e .   T h e  

t r o u b l e   l i g h t   i n d i c a t o r   31  i s   a  l i g h t   e m i t t i n g  

d i o d e   w h o s e   c a t h o d e   i s   c o n n e c t e d   v i a   l i n e   80  to   l i n e  

56 .   The  a n o d e   o f   i n d i c a t o r   l i g h t   32  i s   c o n n e c t e d  

t h r o u g h   r e s i s t o r   R13  t o   l i n e   30.   I f   t h e   e n g i n e  

f a i l s   to   s t a r t ,   o p e n i n g   o f   c o n t a c t   48  by  d e -  

e n e r g i z a t i o n   o f   r e l a y   Y2  i s o l a t e s   l i n e   56  f r o m   t h e  

p o s i t i v e   t e r m i n a l   o f   b a t t e r y   18 .   A  c i r c u i t   i s  

t h e r e f o r e   c o n d u c t e d   f r o m   l i n e   30  t h r o u g h   i n d i c a t o r  

l i g h t   31  and   l i n e  7 0   t o   g r o u n d ,   t h e r e b y   a c t i v a t i n g  



i n d i c a t o r   l i g h t   3 1 .  

I t   was  p r e v i o u s l y   m e n t i o n e d   t h a t   a  

t r a n s m i s s i o n   a n d  h o o d   d e t e c t o r   s w i t c h   46  i s  

c o n n e c t e d   to   t e r m i n a l   4  of   t i m e r   40.   The  s w i t c h  

46  h a s   two  n o r m a l l y   o p e n   s w i t c h   c o n t a c t s ,   one  o f  

w h i c h   i s   c o n n e c t e d   to   t h e   g e a r   s e l e c t o r   of   t h e  

e n g i n e   and   t h e  o t h e r   of  w h i c h   i s   c o n n e c t e d   to   t h e  

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

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

or   i f   t h e   h o o d   i s   r a i s e d   to   c o n n e c t   l i n e   44  t o  

g r o u n d ,   t h e r e b y   p r e v e n t i n g   o p e r a t i o n   of   t h e  

e l e c t r o n i c   t i m e r   4 0 .  

In  t h e   c i r c u m s t a n c e s ,   t h e   d i r v e r   may  w i s h  

to   k e e p   t h e   e n g i n e   r u n n i n g   a t   i d l i n g   s p e e d  

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

o n / o f f   s w i t c h   17 ,   t h e   o v e r r i d e   s w i t c h   73  i s  

o p e r a t e d .   The  o v e r r i d e   s w i t c h   73  h a s   two  s e t s   o f  

c o n t a c t s   74,  76.  N o r m a l l y   c l o s e d   c o n t a c t   74  

n o r m a l l y   c o n n e c t s   l i n e   16  t o  l i n e   42 ,   b u t   w h e n  

o v e r r i d e   s w i t c h   73  i s   o p e r a t e d ,   c o n t a c t   74  i s o l a t e s  

l i n e   42  and   c o n n e c t s   l i n e   16  t h r o u g h   r e s i s t o r   R19  

to   an  o v e r r i d e   i n d i c a t o r   l i g h t   79.  N o r m a l l y   o p e n  
c o n t a c t   76  c o n n e c t s   t h e   p o s i t i v e   t e r m i n a l   o f  

b a t t e r y   18  t h r o u g h   r e s i s t o r   R l l   to   t h e   e n g i n e  

b l o c k   t e m p e r a t u r e   s e n s o r   l i n e   to   c a u s e   t h e  

v o l t a g e   a t   t e r m i n a l   2  of   a m p l i f i e r   14  t o   i n c r e a s e  

s u f f i c i e n t l y   to   c a u s e   t r a n s i s t o r   Tl   to   c o n d u c t ,  

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

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

to   a  p r e - s e t   h i g h e r   t e m p e r a t u r e   in   t h e   1 8 5 ° F   (85°C)  



to   2 0 0 ° F   (93°C)  r a n g e .  

An  a d v a n t a g e   of   t h e   o v e r r i d e   f e a t u r e  

i s   t h a t   t h e   e n g i n e   b l o c k   t e m p e r a t u r e   s e n s o r   2 2  

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

w i t h   t h e   o v e r r i d e   s w i t c h   32  e n g a g e d ,   i f   t h e  

e n g i n e   b l o c k   t e m p e r a t u r e   r i s e s   a b o v e   a  p r e - s e t  

v a l u e   as  a  r e s u l t   o f   o v e r h e a t i n g ,   by  c a u s i n g  

t r a n s i s t o r   Tl   to   c e a s e   c o n d u c t i o n   w i t h   r e s u l t a n t  

d e - e n e r g i z a t i o n   of   r e l a y s   Yl  and   Y3.  S u c h   o v e r -  

h e a t i n g   c o u l d   o c c u r   f o r   e x a m p l e   i f   t h e   c o o l a n t  

i s   l o s t   or   i t s   c i r c u l a t i n g   pump  f a i l s .  

To  i n d i c a t e   when   m a i n   s w i t c h   17  i s   c l o s e d ,  

i n d i c a t o r   l i g h t   86  i s   c o n n e c t e d   to   v o l t a g e   s u p p l y  

l i n e   16  and   to   g r o u n d   t h r o u g h   r e s i s t o r   R 1 5 .  

The  m a j o r i t y   o f   t h e   c o m p o n e n t s   o f   t h e  

d e s c r i b e d   c i r c u i t   c a n   be  p r o v i d e d   as  a  v e r y  

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

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

e n g i n e .   The  d e s c r i b e d   e m b o d i m e n t   i s   des igned   f o r  

u s e   w i t h   a  d i e s e l   e n g i n e   w i t h   a  n e g a t i v e   g r o u n d  

e l e c t r i c a l   c i r c u i t .   A  p e r s o n   s k i l l e d   in   t h e   a r t  

w i l l   r e a d i l y   a p p r e c i a t e   t h a t   t h e   c i r c u i t   can   w i t h  

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

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

e l e c t r i c a l   c i r c u i t .   I t   w i l l   a l s o   be  r e a d i l y   a p p a r e n t  

t h a t   t h e   i n v e n t i o n   i s   a p p l i c a b l e   t o   a  l i q u i d - c o o l e d  

o r   an  a i r - c o o l e d   d i e s e l   e n g i n e .  

O t h e r   e x a m p l e s   and   e m b o d i m e n t s   of   t h e  

i n v e n t i o n   w i l l   be  r e a d i l y   a p p a r e n t   to   a  p e r s o n  

s k i l l e d   i n   t h e   a r t   in  the  l i g h t   of  the  f o r e g o i n g  

d i s c l o s u r e .  



1  Apparatus  for  maintaining  a  diesel  engine  at  a  r e a d y - t o - s t a r t  

t empera ture ,   the  diesel  engine  (12)  comprising  an  engine  block,  a  s t a r t e r  

(72)  and  fuel  supply  means,  charac te r i sed   in  that  the  apparatus  c o m p r i s e s  

means  responsive  to  the  engine  block  t empera tu re   falling  to  a 

predetermined  low  value  to  actuate   the  s tar ter   (72)  for  up  to  a 

predetermined  maximum  period  of  time  and  to  actuate   the  fuel  supply  

means,  means  (38,Y3)  responsive  to  the  a t t a inment   of  a  p rede te rmined   oil 

pressure  corresponding  to  an  engine  running  condition  to  de -ac tua te   t h e  

s tar ter   (72)  and  continue  the  actuat ion  of  the  fuel  supply  means  to  con t i nue  

running  of  the  diesel  engine  (12),  and  means  responsive  to  raising  of  t h e  

engine  block  t empera tu re   to  a  p rede te rmined   high  value  to  de-ac tua te   t h e  

fuel  supply  means  and  thereby  stop  the  diesel  engine  (12). 

2  Apparatus  according  to  claim  1,  including  means  responsive  to  t he  

end  of  said  p rede termined   period  of  time  to  increase  the  speed  of  the  engine  

(12)  if  the  engine  has  s t a r t e d .  

3  Apparatus  according  to  claim  1  or  claim  2,  including  means  (31) 

responsive  to  failure  of  the  engine  (12)  to  start  during  said  p r e d e t e r m i n e d  

period  of  time  to  indicate  said  failure  after  said  period  of  t i m e .  

4  Apparatus  according  to  claim  1,  claim  2  or  claim  3,  including  m e a n s  

responsive  to  failure  of  the  engine  (12)  to  start  during  said  p r e d e t e r m i n e d  

period  of  time  to  prevent  r e -ac tua t ion   of  the  s ta r te r   (72). 

5  Apparatus  according  to  any one  of  the  preceding  claims,  wherein  t he  

means  responsive  to  the  engine  block  t empera tu re   falling  to  a 

predetermined  low  value  comprises  an  e lectr ical   resistor  (22)  whose  

resistance  varies  in  accordance  with  engine  block  t e m p e r a t u r e .  



6  Apparatus   according  to  any one  of  the  preceding  claims,  wherein  t h e  

means  reponsive  to  the  engine  block  t empera tu re   falling  to  a  p r e d e t e r m i n e d  

low  value  and  the  means  responsive  to  raising  of  the  engine  block  t e m p e r a -  

ture  to  a  p rede te rmined   high  value  comprises  e lectr ical   means  operated  by 

the  engine  block  t empera tu re   falling  to  the  p rede termined   low  value  t o  

actuate  the  s t a r t e r   (72)  and  the  fuel  supply  means  and  to  hold  the  e l e c t r i c a l  

means  in  its  operated  state  until  the  engine  block  t empera tu re   has  risen  to  

the  p rede te rmined   high  va lue .  

7  Apparatus   according  to  claim  6,  wherein  the  e lec t r ica l   means  c o m -  

prises  relay  means  (Yl)  ac tuated  by  the  a t t a inment   of  a  p r e d e t e r m i n e d  

voltage  corresponding  to  the  p rede termined   low  engine  block  t empera tu re   to  

cause  the  ac tua t ion   of  the  s ta r te r   (72)  and  the  fuel  supply  means  for  t h e  

prede te rmined   period  of  time,  said  relay  means  being  operat ive  also  to  

actuate  a  holding  circuit  to  maintain  the  relay  operating  voltage  until  t h e  

engine  block  t e m p e r a t u r e   has  risen  to  the  predetermined  high  va lue .  
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