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Thermal  switch  and  control  circuit  for  diesel  engine  glow  plug  control. 

A  thermally  operated  bimetal  switch  has  a  canti- 
lever  supported  bimetal  element  with  three  sections,  a 
heater  controlled  section  adjacent  the  cantilever  sup- 
port,  a  switch  arm  section  and  a  compensator  arm  sec- 
tion  extending  parallel  to  each  other  away  from  the 
heater  section.  The  compensator  arm  section  engages  a 
stop.  The  switch  can  be  adjusted  to  provide  undercom- 
pensation,  overcompensation  or  full  compensation  for 
ambient  temperature  changes  over  controlled  tempera- 
ture  ranges.  A  control  circuit  utilizing  a  thermal  switch 
is  described  by  which  glow  plugs  are  heated  at  a  high 
rate  but  are  temperature  limited  to  prevent  burnout  of 
the  glow  plugs. 



F i e l d   of  the  I n v e n t i o n  
This   i n v e n t i o n   r e l a t e s   to  t h e r m a l   s w i t c h e s   and  a  

c o n t r o l   c i r c u i t   u s i n g   a  t h e r m a l   s w i t c h   fo r   c o n t r o l l i n g  
d i e s e l   e n g i n e   glow  p l u g s .  
B a c k g r o u n d   of  the  I n v e n t i o n  

The  use  of  glow  p l u g s   to  p r e h e a t   the   c o m b u s t i o n   c h a m b e r s  

in  a  d i e s e l   e n g i n e   is  w e l l   known.  V a r i o u s   t y p e s   of  c o n t r o l  

c i r c u i t s   for   o p e r a t i n g   the  glow  p l u g s   have  been  h e r e t o f o r e  

p r o p o s e d .   Glow  p lug   c o n t r o l   c i r c u i t s   have  been  d e v i s e d   i n  

which  the  glow  p l u g s   o p e r a t e   at  a  v o l t a g e   which  a l l o w s   t h e  

glow  p l u g s   to  be  t u r n e d   on  fo r   an  i n d e f i n i t e   p e r i o d   of  t i m e  

and  u n d e r   normal   v o l t a g e   c o n d i t i o n s   w i l l   n e v e r   e x c e e d   a  s a f e  

o p e r a t i n g   t e m p e r a t u r e .   Glow  p l u g s   of  t h i s   type   t a k e   a  l o n g  
t ime  to  r e a c h   o p e r a t i n g   t e m p e r a t u r e   and  t h e r e f o r e   do  n o t  
lend  t h e m s e l v e s   to  f a s t   s t a r t s .   O the r   c o n t r o l   c i r c u i t s   h a v e  
been  d e v i s e d   which  o p e r a t e   to  h e a t   the   glow  p l u g s   r a p i d l y   b u t  
l i m i t   the   maximum  t e m p e r a t u r e   of  the  glow  p l u g s   by  t u r n i n g   o f f  

the  e l e c t r i c a l   power  to  the  glow  p l u g s   a f t e r   a  c o n t r o l l e d   t i m e  
i n t e r v a l   which  is  i n s u f f i c i e n t   to  p e r m i t   e x c e s s i v e   t e m p e r a t u r e s  
of  the  glow  p l u g s   to  o c c u r .   The  l a t t e r   type   of  c i r c u i t   h a s  
a l s o   used  some  t e m p e r a t u r e   r e s p o n s i v e   a r r a n g e m e n t   fo r   c y c l i n g  
the  glow  p l u g s   on  and  o f f   to  m a i n t a i n   the  glow  p l u g s   w i t h i n  

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   r ange   fo r   a  s u f f i c i e n t   p e r i o d   o f  



t ime  to  a l l o w   s t a r t i n g   of  the   e n g i n e .   For  e x a m p l e ,   U . S .  

P a t e n t s   4 , 0 7 5 , 9 9 8   and  4 , 1 0 6 , 4 6 5   d i s c l o s e   glow  p lug   c o n t r o l  

c i r c u i t s   in  which  glow  p l u g s   are   d i s c o n n e c t e d   a  c o n t r o l l e d  
t ime  i n t e r v a l   a f t e r   the   glow  p l u g s   have  been  t u r n e d   o n .  
Both  t h e s e   c i r c u i t s   u t i l i z e   a  t h e r m a l l y   r e s p o n s i v e   s w i t c h ,  
but   the   s w i t c h   is  in  s e r i e s   w i th   the   glow  p l u g s .   This   c a n  

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

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

t i m e - o u t   p e r i o d .   Also  a  s e r i e s   h e a t e r   at  h i g h e r   v o l t a g e  
does  not   t r a c k   the  glow  p l u g s   and  t h e r e f o r e   may  l e a v e  t h e m  

on  too  l o n g ,   c a u s i n g   burn  ou t .   This   is   p a r t i c u l a r l y   t r u e  
fo r   h igh   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 a n c e   found  i n  

c u r r e n t   t y p e s   of  glow  p l u g s .   U.S.  P a t e n t   4 , 1 7 7 , 7 8 5   shows  a  

glow  p l u g   c o n t r o l   c i r c u i t   which  not   only   t u r n s   the   g l o w  
p l u g s   o f f   but   l i m i t s   the   t e m p e r a t u r e   of  the   glow  p l u g s   b y  
c y c l i n g   the   glow  p l u g s   on  and  o f f   u n t i l   the   e n g i n e   is  s t a r t e d .  

Summary  o f  t h e   I n v e n t i o n   - 

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  an  i m p r o v e d   c o n t r o l  

fo r   g l o w  p l u g s   which   u t i l i z e s   a  t h e r m a l   s w i t c h   which   can  b e  

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

c h a n g e s   over   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   r a n g e   w h i l e   p r o v i d i n g  

u n d e r c o m p e n s a t i o n   or  o v e r c o m p e n s a t i o n   as  r e q u i r e d   in  o t h e r  

a m b i e n t   o p e r a t i n g   t e m p e r a t u r e   r a n g e s .   Thus  t h e  t h e r m a l  
s w i t c h   of  the   p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   s u i t e d   to  g l o w  

p lug   c o n t r o l   c i r c u i t s   in  which  i t   is  d e s i r e d   to  p r o v i d e  

s u b s t a n t i a l l y   c o n s t a n t   t h e r m a l   o p e r a t i n g   t ime   o f ' t h e   s w i t c h  

over   a  l ower   t e m p e r a t u r e   r ange   w h i l e   p r o v i d i n g   a  s u b s t a n t i a l l y  

u n d e r c o m p e n s a t e d   p e r f o r m a n c e   in  r e s p o n s e   to  ambient  t e m p e r a t u r e s  
at   h i g h e r   e n g i n e   t e m p e r a t u r e s ,   as  where  the  e n g i n e   is  a l r e a d y  
warmed  up  or  p a r t i a l l y   warmed  up.  The  p r e s e n t   i n v e n t i o n  

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

glow  p l u g s   to  h e a t   r a p i d l y   but   which  l i m i t s   the   maximum 

t e m p e r a t u r e   of  the   glow  p l u g s   to  p r e v e n t   damage  by  e x c e s s i v e  



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

i n d i c a t e s   when  p r e h e a t i n g   has  been  s u f f i c i e n t   to  a l l o w  

s t a r t i n g   of  the   e n g i n e .  
These  and  o t h e r   a d v a n t a g e s   of  the   p r e s e n t   i n v e n t i o n  

are   a c h i e v e d   by  p r o v i d i n g   a  t h e r m a l   s w i t c h   made  of  a  s i n g l e  

e l o n g a t e d   s t r i p   of  b i m e t a l   m a t e r i a l   which  is  a n c h o r e d   at  o n e  
end  to  a  c a n t i l e v e r   s u p p o r t   and  which   is  b i f u r c a t e d   at  t h e  

o t h e r   end  to  p r o v i d e   two  p a r a l l e l   arms.   One  arm  a c t s   as  a  

movab le   c o n t a c t   arm  of  a  s w i t c h .   The  o t h e r   arm  is  c o n s t r a i n e d  

by  a  p i v o t   or  s t o p   and  o p e r a t e s   as  an  a m b i e n t   t e m p e r a t u r e  

c o m p e n s a t o r .   By  c h a n g i n g   the   p o s i t i o n   of  the   s t o p ,   t h e  

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

The  c o n t r o l   c i r c u i t   fo r   the   glow  p lug   has  a  power  r e l a y  

which  is  t u r n e d   on  by  c l o s i n g   an  i g n i t i o n   s w i t c h .   At  t h e  

same  t ime  a  "WAIT"  i n d i c a t o r   lamp  is  t u r n e d   on  and  c u r r e n t  
is  a p p l i e d   to  the  h e a t e r   of  a  t h e r m a l   s w i t c h .   A f t e r   a  t i m e d  

i n t e r v a l ,   the  t h e r m a l   s w i t c h   t u r n s   o f f   the   i n d i c a t o r   lamp  a n d  

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

t h e r m a l   s w i t c h ,   a f t e r   a  t i m e d - i n t e r v a l ,   r e l e a s e s   the   p o w e r  
r e l a y   by  e n e r g i z i n g   a  c o n t r o l   r e l a y .   The  t h e r m a l   s w i t c h e s  

are  c o n n e c t e d   so  t h a t   an  o v e r - v o l t a g e   s h o r t e n s   the  t i m e  
i n t e r v a l s   to  p r o t e c t   the   glow  p l u g s   from  o v e r h e a t i n g .  A n  
i n c r e a s e   in  the   a m b i e n t   t e m p e r a t u r e   c o n d i t i o n   of  the   e n g i n e  
a l s o   s h o r t e n s   the  c o n t r o l   t ime  i n t e r v a l s . -  



B r i e f   D e s c r i p t i o n   of  the   D r a w i n g s  
For  a  b e t t e r   u n d e r s t a n d i n g   of  the   i n v e n t i o n   r e f e r e n c e  

s h o u l d   be  made  to  the   a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n :  

FIG.  1  is  a  s i d e   view  of  the  t h e r m a l   s w i t c h   of  t h e  

p r e s e n t   i n v e n t i o n ;  

FIG.  2  is  a  p l a n   view  o f  t h e   t h e r m a l   s w i t c h ;  

FIGS.  3-6  are   s c h e m a t i c   r e p r e s e n t a t i o n s   of  the   s w i t c h  
u s e f u l   in  e x p l a i n i n g   i t s   o p e r a t i o n ;  

FIG.  7  is  a  p l a n . v i e w   of  an  a l t e r n a t i v e   embod imen t   o f  

the  t h e r m a l   s w i t c h ;  

FIG.  8  is  a  s i d e   view  of  the   embod imen t   of  FIG.  7 ;  
FIG.  9  is  a  g r a p h i c a l   r e p r e s e n t a t i o n   of  the   a m b i e n t  

t e m p e r a t u r e   c h a r a c t e r i s t i c s   t h a t   can  be  a c h i e v e d   w i t h   t h e  

t h e r m a l   s w i t c h ;  

FIG.  10  is  a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  a  glow  p l u g  
c o n t r o l   u t i l i z i n g   the   t h e r m a l   s w i t c h ;   a n d  

F I G S .  1 1 - 1 4   show  a l t e r n a t i v e   e m b o d i m e n t s   of  the   g l o w  

p lug   c i r c u i t .  



D e t a i l e d   D e s c r i p t i o n  

R e f e r r i n g   to  FIGS.  1  and  2,  t h e r e   is  shown  a n  
embod imen t   of  a  t h e r m a l   s w i t c h   i n d i c a t e d   g e n e r a l l y   at   10 

a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   The  t h e r m a l   s w i t c h   10 
is  mounted   on  a  s u i t a b l e   base   12  to  which   is  s e c u r e d   a  

s u p p o r t i n g   b l o c k   14.  A  b i m e t a l   e l e m e n t ,   i n d i c a t e d  

g e n e r a l l y   at   16,  is  s u p p o r t e d   at  one  end  on  the   b l o c k   14 

by  b o l t s   18,  the   b l o c k   14  p r o v i d i n g   a  c a n t i l e v e r   s u p p o r t   f o r  
the   e l o n g a t e d   b i m e t a l   e l e m e n t .   The  b i m e t a l   e l e m e n t   16  i s  

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

of  two  t h i n   l a y e r s   of  d i s s i m i l a r   m e t a l s   h a v i n g   d i f f e r e n t  
c o e f f i c i e n t s   of  t h e r m a l   e x p a n s i o n ,   c a u s i n g   the   b i m e t a l   t o  
bend  up  or  down  r e l a t i v e   to  the  s u p p o r t i n g   b l o c k   14  w i t h  

change   in  t e m p e r a t u r e   of  the   b i m e t a l   e l e m e n t .  

The  b i m e t a l   e l e m e n t   is  b i f u r c a t e d   a t   the  u n s u p p o r t e d  
end,  shown  in  FIG.  2,  to  d i v i d e   the  e l e m e n t   i n t o   two  a r m s ,  
a  s w i t c h   arm  20  and  a  c o m p e n s a t o r   arm  22.  An  a c t u a t o r  
s e c t i o n   24  of  the  b i m e t a l   e l e m e n t   e x t e n d s   b e t w e e n   the   a r m s  
and  the  s u p p o r t i n g   b l o c k   14.  An  e l e c t r i c a l   h e a t i n g   e l e m e n t  
26  h a v i n g   an  i n s u l a t o r   base   28  is  mounted   on  the   a c t u a t o r  
s e c t i o n   24.  An  e l e c t r i c   c u r r e n t   is  p a s s e d   t h r o u g h   t h e  
h e a t e r   e l e m e n t   26  t h r o u g h   l e a d s   from  a  s u i t a b l e   power  s o u r c e  
(not  shown)  .  

The  s w i t c h   arm  20  s u p p o r t s   a  moving  s w i t c h   c o n t a c t   32 

a d j a c e n t   the   o u t e r   end  of  the  arm.  The  s w i t c h   c o n t a c t   32 
is  moved  by  the   arm  b e t w e e n   a  p a i r   of  f i x e d   s w i t c h   c o n t a c t s  
34  and  36.  The  f i x e d   c o n t a c t s   a re   s u p p o r t e d   from  the   b a s e  
12  by  an  i n s u l a t o r   s u p p o r t   38  and  c o n t a c t   f i n g e r s   40  and  4 2 .  

Movement  of  the   c o m p e n s a t o r   arm  22  is  l i m i t e d   by  a  
p a i r   of  s t o p s   in  the  form  of  a d j u s t a b l e   s c r e w s   44  and  4 6 .  
The  s top   s c r ews   are   in  t u r n   a d j u s t a b l y   s u p p o r t e d   from  t h e  
base   12  by  s u i t a b l e   b r a c k e t s   48  and  50.  The  p o s i t i o n   o f  
the  s t o p s   l e n g t h w i s e   of  the  a c t u a t o r   arm  22  can  be  made  

a d j u s t a b l e   or  may  be  f i x e d .   The  s c rews   44  and  46  a re   a l s o  



a d j u s t a b l e   v e r t i c a l l y   to  a d j u s t   the   s i z e   and  r e l a t i v e  
v e r t i c a l   p o s i t i o n   of  the   gap  b e t w e e n   the  o p p o s i n g   ends  o f  
the  s c r e w s .  

O p e r a t i o n   of  the   t h e r m a l   s w i t c h   of  FIGS.  1  and  2  c a n  
b e s t   be  u n d e r s t o o d   by  r e f e r e n c e   to  FIGS.  3-6 .   R e f e r r i n g  
f i r s t   to  FIG.  3,  the   b i m e t a l   e l e m e n t   is  shown  in  a  p o s i t i o n ,  
i n d i c a t e d   by  the  s o l i d   l i n e ,   fo r   a  g i v e n   a m b i e n t   t e m p e r a t u r e  
c o n d i t i o n .   As  the   t e m p e r a t u r e   of  the   b i m e t a l   e l e m e n t   i s  

i n c r e a s e d ,   the   c o m p e n s a t o r   arm  22  moves  u p w a r d l y   to  t h e  

d o t t e d   l i n e   p o s i t i o n   i n d i c a t e d   a t   2 2 ' .   S i m i l a r l y ,   the   s w i t c h  

arm  moves  up  as  i n d i c a t e d   by  the  d o t t e d   l i n e   p o s i t i o n   2 0 ' .  

Assume  t h a t   a  f o r c e   is  t hen   a p p l i e d   as  i n d i c a t e d   by  the  a r r o w  
F  which   p u s h e s   the   c o m p e n s a t o r   arm  downward ly   from  t h e  

p o s i t i o n   22'  to  the   i n i t i a l   p o s i t i o n   22.  This   f o r c e   w i l l  

cause   movement   of  the   s w i t c h   arm  20,  but   the   amount   o f  

movement  w i l l   be  d e t e r m i n e d   by  the  r i g i d i t y   of  the   c o m p e n s a t o r  
arm  22  as  compared   to  the  r i g i d i t y   of  the  a c t u a t o r   s e c t i o n   2 4 .  
If   the   w i d t h   W  of  the  a c t u a t o r   arm  22  is   made  r e l a t i v e l y   s m a l l ,  
i t   w i l l   be  seen   t h a t   the  c o m p e n s a t o r   arm  22  w i l l   be  much 

more  f l e x i b l e   t han   the  a c t u a t o r   s e c t i o n   24.  The  r e s u l t   o f  

t h i s   c o n d i t i o n ,   as  i l l u s t r a t e d   in  FIG.  4,  is  t h a t   the   f o r c e  

F  in  r e s t o r i n g   the   c o m p e n s a t o r   arm  22  back  to  i t s   i n i t i a l  

p o s i t i o n   c a u s e s   r e l a t i v e l y   l i t t l e   f l e x i n g   of  the   a c t u a t o r  

s e c t i o n   24,  most   of  the   b e n d i n g   a c t i o n   b e i n g   l i m i t e d   to  t h e  

more  f l e x i b l e   c o m p e n s a t o r   arm  22.  As  a  r e s u l t ,   the   p o s i t i o n  
of  the  moving   c o n t a c t   32  is  r e l a t i v e l y   u n c h a n g e d   by  the  f o r c e  

F  and  t h e r e f o r e   r e m a i n s   a t   the  p o s i t i o n   32'  as  a  r e s u l t   o f  

the   i n c r e a s e d   t e m p e r a t u r e .  
The  a r r a n g e m e n t   of  FIG.  4  may  be  r e f e r r e d   to  as  a n  

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

s w i t c h   of  FIG.  1.  If   the  f o r c e   F  is  c o n s i d e r e d   as  b e i n g  

a p p l i e d   by  the  s t o p   sc rew  44  by  way  of  l i m i t i n g   the   u p w a r d  
movement   of  the   a c t u a t o r   arm  22  in  r e s p o n s e   to  an  i n c r e a s e   i n  

a m b i e n t   t e m p e r a t u r e ,   t hen   i t   w i l l   be  seen   t h a t   the   a r r a n g e m e n t  



of  FIG.  4  p r o v i d e s   r e l a t i v e l y   no  c o m p e n s a t i o n   fo r   m o v e m e n t  

of  the   c o n t a c t   arm  20  wi th   change   in  a m b i e n t   t e m p e r a t u r e .  
On  the  o t h e r   hand,   as  shown  in  FIG.  5,  i f   the  c o m p e n s a t o r  

arm  22  is  made  r e l a t i v e l y   r i g i d   compared   to  the  a c t u a t o r  
s e c t i o n   24,  the   f o r c e   F,  in  s t o p p i n g   movement   of  the   o u t e r  
end  of  the  c o m p e n s a t o r   arm  22,  c a u s e s   the   moving   c o n t a c t  
32  to  move  downward ly   to  the  p o s i t i o n   32'  as  the  a m b i e n t  

t e m p e r a t u r e   i n c r e a s e s .   T h i s ,   in  e f f e c t ,   is  an  o v e r c o m p e n -  
s a t e d   c o n d i t i o n   s i n c e   the  moving  c o n t a c t   has  moved  in  t h e  

o p p o s i t e   d i r e c t i o n   from  the  f r e e   movement   d e p i c t e d   by  F I G .  

3 .  

Thus  i t   w i l l   be  seen  t h a t   by  a d j u s t i n g   the   r e l a t i v e  

r i g i d i t y ,   fo r   e x a m p l e ,   of  the   c o m p e n s a t o r   arm  22  r e l a t i v e  

to  the  a c t u a t o r   s e c t i o n   24,  a  c o n d i t i o n   can  be  o b t a i n e d  

where   the   s y s t e m   is  n e i t h e r   u n d e r c o m p e n s a t e d   or  o v e r c o m p e n -  
s a t e d   bu t   in  f a c t   is  f u l l y   c o m p e n s a t e d ,   so  t h a t   the   m o v i n g  
c o n t a c t   32  is  not   moved  in  e i t h e r   d i r e c t i o n   w i t h   change   i n  

a m b i e n t   t e m p e r a t u r e .   I t   w i l l   be  f u r t h e r   a p p r e c i a t e d   t h a t  

in  an  u n d e r c o m p e n s a t e d   c o n d i t i o n ,   as  i l l u s t r a t e d   in  FIG.  4 ,  
the  t ime  r e q u i r e d   to  c l o s e   the   c o n t a c t s   in  r e s p o n s e   to  c u r r e n t  

a p p l i e d   to  the  h e a t e r   26  w i l l   be  s u b s t a n t i a l l y   s h o r t e r   t h a n  

the  t ime   r e q u i r e d   to  c l o s e   the  c o n t a c t s   f o r   the   o v e r c o m p e n -  
s a t e d   c o n d i t i o n   of  FIG.  5.  R a t h e r   t han   change   the  w i d t h   W 

to  change   the  r e l a t i v e   r i g i d i t y   of  the   c o m p e n s a t o r   arm,  t h e  

p o s i t i o n   of  the   s top   can  be  moved  c l o s e r   in  or  f u r t h e r   o u t  
from  the  a c t u a t o r   s e c t i o n   24,  as  i n d i c a t e d   by  Ll  and  L2  o f  

FIG.  6 .  

R e f e r r i n g   to  FIG.  9,  t h e r e   is  shown  a  p l o t   of  t ime  t o  

a c t u a t e   the  s w i t c h   as  a  f u n c t i o n   of  a m b i e n t   t e m p e r a t u r e .  
Assuming  t h a t   at  c o l d e r   t e m p e r a t u r e s   the   a c t u a t o r   arm  i s  

a g a i n s t   the   s top   sc rew  46,  as  shown  in  FIG.  6,  an  i n c r e a s e  

in  a m b i e n t   t e m p e r a t u r e   w i l l   p r o d u c e   a  change   in  t ime   t o  
a c t u a t e   which   may  f o l l o w   a n y  o n e   of  a  f a m i l y   of  c u r v e s ,  
t h r e e   of  which  a re   shown  at   L1,  L1'  and  L l " .   These   s l o p e s  



c o r r e s p o n d   to  an  u n d e r c o m p e n s a t e d   or  o v e r c o m p e n s a t e d  
c o n d i t i o n   as  d e t e r m i n e d   by  the  d i s t a n c e   L1  of  the   s t o p  
a l o n g   the   c o m p e n s a t i n g   arm.  As  L1  becomes  l o n g e r ,   t h e  

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

i n c r e a s e s .   S i m i l a r l y ,   as  the   a m b i e n t   t e m p e r a t u r e   c a u s e s  
the   b i m e t a l   to  move  a g a i n s t   the   s t o p   s c r ew  44,  a  s econd   f a m i l y  
of  c u r v e s   w i l l   o c c u r ,   as  i n d i c a t e d   a t   L 2 ,  L 2 ' ,   and  L 2 " ,  
d e p e n d i n g   on  the   p o s i t i o n   L 2  o f   the   s top   sc rew  44.  A 
t r a n s i t i o n   r e g i o n   e x i s t s   in  which   the   c o m p e n s a t o r   arm  m o v e s  

t h r o u g h   the   gap  b e t w e e n   the   two  s c r e w s .   V a r i a t i o n   in  t i m e  

to  a c t u a t e   the  s w i t c h   in  t h i s   t r a n s i t i o n a l   gap  v a r i e s  

d e p e n d i n g   on  v a r i o u s   f a c t o r s .   T h e  s i g n i f i c a n t   t h i n g   is  t h a t  

the  s l o p e   in  the  two  r e g i o n s   in  which   the   b i m e t a l   is  a g a i n s t  

one  s t o p   or  the   o t h e r   can  be  v a r i e d   and,   in  f a c t ,   the   s y s t e m  
can  go  t h r o u g h   a  t r a n s i . t i o n   from  an  u n d e r c o m p e n s a t e d   to  a n  

o v e r c o m p e n s a t e d   c o n d i t i o n   by  h a v i n g   the  s t o p s   a t   u n e q u a l  
d i s t a n c e s   L1  and  L2.  Thus  the  p e r f o r m a n c e   c h a r a c t e r i s t i c  

of  the   s w i t c h   can  be  c o n t r o l l e d   to  assume  any  of  a  w i d e  

r a n g e   of  s w i t c h i n g   t ime  c h a r a c t e r i s t i c s .  

The  b i f u r c a t e d   a r r a n g e m e n t   shown  in  FIG.  1  and  2  s h o w s  

the  a c t u a t o r   arm  22  as  b e i n g   o f f s e t   from  the   p l a n e   of  t h e  

c o n t a c t   arm  20  and  the   a c t u a t o r   s e c t i o n   24.  This   o f f s e t  

is   no t   i m p o r t a n t   to  the   o p e r a t i o n   of  the   s w i t c h   and  was  
p r o v i d e d   in  the  d r a w i n g   p r i m a r i l y . .  t o   be  a b l e   to  s e p a r a t e l y  
show  the  two  arms  in  a  s i d e   v iew.   The  arm  a r r a n g e m e n t s   o f  

FIGS.  1  and  2  can  be  m o d i f i e d   as  shown  in  FIGS.  7  and  8  i n  

which  two  c o m p e n s a t o r   arms  122  e x t e n d   on  e i t h e r   s i d e   of  t h e  
s w i t c h   arm  120  and  are   j o i n e d   at   t h e i r   o u t e r   end  by  a  

b r i d g i n g   s e c t i o n   123.  F i x e d   c o n t a c t s   a re   s u p p o r t e d   on  e i t h e r  

s i d e   of  the   b i m e t a l   e l e m e n t   116  in  the   manner   shown  in  FIG.  8 .  

The  t h e r m a l   s w i t c h   10  can  be  made  to  o p e r a t e   as  a  s n a p  
a c t i o n   s w i t c h   by  a d d i n g   an  o v e r - c e n t e r   s p r i n g   4 7 ,  

as  shown  in  FIG.  6,  b e t w e e n   the  end  of  the   c o n t r o l   arm  20 

and  a  f i x e d   p o i n t .  



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

s w i t c h   has  the  a d v a n t a g e s   t h a t   no  s p e c i a l   g e o m e t r y ,   no  
r e v e r s a l   of  the  b i m e t a l ,   or  o t h e r   c o m p l i c a t e d   m o d i f i c a t i o n  

is  r e q u i r e d   to  a c h i e v e   c o n t r o l   over   c h a n g e s   in  a m b i e n t  

c o n d i t i o n s .   Large   c o n t a c t   movement  is  a l s o   a c h i e v e d .  

V a r i o u s   c h a n g e s   such  as  m o d i f y i n g   the  w i d t h   of  the  b i m e t a l  

e l e m e n t ,   c h a n g i n g   the  a r e a   of  the  h e a t e r ,   making   t h e  

s w i t c h   arm  a n d / o r   the  c o m p e n s a t o r   arm  of  n o n - b i m e t a l   a r e  
o t h e r   c h a n g e s   t h a t   can  be  made  to  a c h i e v e   s p e c i a l   p e r f o r m a n c e  
e f f e c t s .  

The  t h e r m a l   s w i t c h   d e s c r i b e d   above   is  p a r t i c u l a r l y  
s u i t e d   to  o p e r a t i n g   a  glow  p lug   c o n t r o l   c i r c u i t ,   such  a s  
the  c i r c u i t   shown  in  FIG.  10.  The  glow  p l u g s ,   i n d i c a t e d  

at   52,  a re   h e a t e d   from  a  b a t t e r y   54  t h r o u g h   a  power  r e l a y  
56  when  the  r e l a y   is  e n e r g i z e d .   The  r e l a y   56  is  e n e r g i z e d  
from  the  b a t t e r y   54  when  an  i g n i t i o n   s w i t c h   58  is  c l o s e d ,  

c o m p l e t i n g   a  c u r r e n t   p a t h   from  the  b a t t e r y   54  t h r o u g h   t h e  

n o r m a l l y   c l o s e d   c o n t a c t s   of  a  c o n t r o l   r e l a y   60  to  t h e  

power  r e l a y   56.  At  the  same  t ime  a  c u r r e n t   pa th   i s  

c o m p l e t e d   from  the  b a t t e r y   54  t h r o u g h   an  i n d i c a t o r   l i g h t  
62  and  t h r o u g h   the  h e a t e r   e l e m e n t   64  of  a  t h e r m a l l y   a c t u a t e d  

s w i t c h   56.  B e c a u s e   of  the   r e l a t i v e l y   low  r e s i s t a n c e   of  t h e  

h e a t e r   64  compared   to  the  i n d i c a t o r   lamp  62,  t h e r e   is  a  v e r y  
s m a l l   v o l t a g e   drop  a c r o s s   the  h e a t e r   r e s i s t o r   64.  At  t h e  

same  t i m e ,   a  c u r r e n t   p a t h   is  c o m p l e t e d   t h r o u g h   the  h e a t e r  
e l e m e n t   68  of  a  t h e r m a l l y   a c t u a t e d   s w i t c h   70  c o n n e c t e d   i n  

p a r a l l e l   w i t h   the  power  r e l a y   56.  The  t h e r m a l   s w i t c h e s  
66  and  70  a re   p r e f e r a b l y   of  the   t ype   d e s c r i b e d   above ,   t h e  

t h e r m a l   s w i t c h   70  h a v i n g   a  r e l a t i v e l y   long  t ime  p e r i o d  
(10-20  s e c o n d s )   w h i l e   the  t h e r m a l   s w i t c h   66  has  a  r e l a t i v e l y  
s h o r t   a c t u a t i n g   p e r i o d   ( . 5 - 2 0   s e c o n d s ) .   When  the   t h e r m a l l y  

o p e r a t e d   c o n t a c t s   72  of  the   s w i t c h   70  a re   c l o s e d ,   a  s h o r t  
is  c o n n e c t e d   a c r o s s   the  lamp  62,  c a u s i n g   the   lamp  to  t u r n  
o f f   and  s i g n a l i n g   to  the  o p e r a t o r   t h a t   the   d i e s e l   e n g i n e  



can  be  s t a r t e d .   At  the  same  t i m e ,   the  f u l l   b a t t e r y   v o l t a g e  
is  a p p l i e d   a c r o s s   the  h e a t e r   64  c a u s i n g   the  t h e r m a l   s w i t c h  
66  to  t ime  out   and  c l o s e   the  c o n t a c t s   7 4 .  T h e   c l o s i n g   o f  

the   c o n t a c t s   c a u s e s   the  c o n t r o l   r e l a y   60  to  be  e n e r g i z e d ,  

t h e r e b y   b r e a k i n g  t h e   c i r c u i t   to  the  power  r e l a y   56  to  t u r n  
o f f   the   glow  p l u g s   52.  The  n o r m a l l y   open  c o n t a c t   of  t h e  

r e l a y   60  a c t s   as  a  h o l d i n g   c i r c u i t   fo r   m a i n t a i n i n g   t h e  

c o n t r o l   r e l a y   e n e r g i z e d   u n t i l   the   i g n i t i o n   s w i t c h   58  is  o p e n e d  
to  t u r n   o f f   the   e n g i n e .   In  o r d e r   to  e n s u r e   t h a t   the   g l o w  

plugs  52  r e m a i n   on  d u r i n g   the   s t a r t i n g   of  the  e n g i n e ,   t h e  

power  r e l a y   56  may  be  e n e r g i z e d   by  c l o s i n g   a  s t a r t e r   s w i t c h  

76  which   a l s o   o p e r a t e s   the  s t a r t i n g   c i r c u i t   (not   s h o w n ) .  
The  glow  p l u g s   are   p r o t e c t e d   a g a i n s t   o v e r h e a t i n g   d u r i n g  

s t a r t i n g   due  to  the  v o l t a g e   drop  of  the   b a t t e r y   r e s u l t i n g  
from  the  l a r g e   c u r r e n t   d r a i n   d u r i n g   c r a n k i n g   of  the  e n g i n e  

by  the  s t a r t e r .   This   c i r c u i t   is  p a r t i c u l a r l y   w e l l   s u i t e d  

f o r   the   h igh   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 a n c e   p l u g s  

c u r r e n t l y   b e i n g   used   in  d i e s e l   e n g i n e s .  

FIG.  11  shows  a  c i r c u i t   s i m i l a r   to  t h a t   of  FIG.  10 

e x c e p t   t h a t   the   t h e r m a l   s w i t c h   70'  i n c l u d e s   b o t h   n o r m a l l y  
c l o s e d   and  n o r m a l l y   open  c o n t a c t s .   The  c i r c u i t   to  the  l amp  
62  is  p r o v i d e d   by  the   n o r m a l l y   c l o s e d   c o n t a c t s   of  t he   s w i t c h  

7 0 ' .   A f t e r   a  t h e r m a l   d e l a y   t i m e ,   the   n o r m a l l y   c l o s e d   c o n t a c t s  

open ,   t u r n i n g   o f f   the   lamp  62.  A f t e r   a  f u r t h e r   d e l a y ,   t h e  

n o r m a l l y   open  c o n t a c t s   a re   c l o s e d ,   c o m p l e t i n g   a  c i r c u i t   t h r o u g l  
the   h e a t e r   64  of  the   t h e r m a l l y   a c t u a t e d   s w i t c h   66.  A f t e r  

t i m e - o u t ,   the  c o n t a c t s   74  a re   c l o s e d ,   a c t u a t i n g   the   c o n t r o l  

r e l a y   60.  This   c i r c u i t ,   in  e f f e c t ,   p r o v i d e s   t h r e e   t i m i n g  
i n t e r v a l s ,   the  a d d i t i o n a l   i n t e r v a l   b e i n g   the  t ime   r e q u i r e d  
fo r   the  s w i t c h   70'  to  change   from  the  n o r m a l l y   c l o s e d   t o  
the   n o r m a l l y   open  s w i t c h   c o n d i t i o n .  



FIG.  12  is  s u b s t a n t i a l l y   the  same  as  FIG.  11.  H o w e v e r ,  

the  t h e r m a l   s w i t c h   66  is  e l i m i n a t e d   and  the  n o r m a l l y   o p e n  
c o n t a c t s   of  the   t h e r m a l   s w i t c h   70  a re   used   d i r e c t l y  t o  

e n e r g i z e   the  c o n t r o l   r e l a y   60.  I t   w i l l   be  n o t e d ,   t h a t   i n  

each  of  the  a b o v e - d e s c r i b e d   c i r c u i t s ,   an  o v e r - v o l t a g e   c a u s e s  

a l l   t i m e s   to  be  s h o r t e n e d   due  to  the  more  r a p i d   h e a t i n g   o f  

the  t h e r m a l l y   a c t u a t e d   s w i t c h   70'  so  t h a t   e n e r g y   to  t h e  

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

b a t t e r y   v o l t a g e .  
FIGS.  13  and  14  show  a  c o n t r o l   c i r c u i t   which   o p e r a t e s  

in  s u b s t a n t i a l l y   the  same  manner   as  the  c i r c u i t s   d e s c r i b e d  

above  bu t   u t i l i z e s   a  s i n g l e   t h e r m a l   a c t u a t e d   s w i t c h   w h i c h  

uses   the  h e a t i n g   t ime  to  t ime  out   the   t u r n i n g   o f f   of  t h e  

i n d i c a t o r   lamp  62  and  uses   the  c o o l i n g   t ime  of  the  same 
t h e r m a l   s w i t c h   to  t ime  out   the   t u r n i n g   o f f   of  the   g l o w  

p l u g s .   This   r e q u i r e s   a  t h e r m a l l y   a c t u a t e d   s w i t c h   which   h a s  

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

of  the  same  s e t   of  c o n t a c t s   w i th   h e a t i n g   and  c o o l i n g   of  t h e  

s w i t c h .   Such  h y s t e r e s i s   is  g e n e r a l l y   p r o v i d e d   by  a  s n a p  
a c t i o n   t ype   s w i t c h ,   fo r   e x a m p l e ,   such  as  a  s w i t c h   w i t h   a n  

o v e r c e n t e r   s p r i n g   as  shown  in  FIG.  6.  R e f e r r i n g   to  FIG.  1 3 ,  

a  t h e r m a l l y   a c t u a t e d   s w i t c h   80  is  shown  which   has  two  b i m e t a l  

e l e m e n t s   c o n t r o l l e d   r e s p e c t i v e l y   by  a  h e a t e r   82  and  a  h e a t e r  

8 4 .  , T h e   h e a t e r   82  c a u s e s   the  n o r m a l l y   open  c o n t a c t s   to  c l o s e  

w h i l e   the   h e a t e r   84  c a u s e s   the  c o n t a c t s   to  o p e n .   In  t h e  

a r r a n g e m e n t   of  FIG.  13,  when  the   i g n i t i o n   s w i t c h   is  c l o s e d ,  
the   power  r e l a y   56  c o m p l e t e s   a  power  c i r c u i t   to  the  g l o w  

p l u g s   52  and  t u r n s   on  the   i n d i c a t o r   lamp  62.  At  the  same  
t ime  a  c i r c u i t   is  c o m p l e t e d   from  the  b a t t e r y   t h r o u g h   t h e  

h e a t e r   82  of  the  t h e r m a l   a c t u a t e d   s w i t c h   80.  A f t e r   t h e  

c o n t r o l   t ime   out  p e r i o d ,   the   n o r m a l l y   open  c o n t a c t s   o f  
the  s w i t c h   80  a re   c l o s e d ,   c a u s i n g   the  c o n t r o l   r e l a y   60  t o  
be  e n e r g i z e d   and  a  ho ld   c i r c u i t   p r o v i d e d   by  a  d i o d e   86 

c o n n e c t e d   a c r o s s   the  power  r e l a y   56  to  m a i n t a i n   the   g l o w  



p l u g s   e n e r g i z e d .   At  the  same  t ime  the  e n e r g i z i n g   of  t h e  

c o n t r o l   r e l a y   60  i n t e r r u p t s   the  c u r r e n t   pa th   t h r o u g h   t h e  
i n d i c a t o r   l i g h t   62,  c a u s i n g   the  i n d i c a t o r   l i g h t   to  b e  

t u r n e d   o f f .   A l s o ,   the   c u r r e n t   p a t h   t h r o u g h   the   h e a t e r   82 

is  i n t e r r u p t e d .   A f t e r   an  a d d i t i o n a l   d e l a y   c a u s e d   by  t h e  

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

a g a i n   open ,   i n t e r r u p t i n g   the   h o l d i n g   c i r c u i t   on  the  p o w e r  
r e l a y   5 6 .  

I t   w i l l   be  n o t e d   t h a t   d u r i n g   the  t ime  t h a t   t h e  

n o r m a l l y   open  c o n t a c t s   of  the   t h e r m a l   s w i t c h   a re   c l o s e d ,  
the  h e a t e r   84  is  e n e r g i z e d .   In  the   e v e n t   of  an  o v e r -  

v o l t a g e   of  the   b a t t e r y ,   the   h e a t e r   84  s h o r t e n s   the   t i m e  

in  wh ich   the   c o n t a c t s   open,   t h e r e b y   s h o r t e n i n g   the   t i m e  

the  glow  p l u g s   a re   e n e r g i z e d .   Thus  o v e r - v o l t a g e   p r o t e c t i o n  
of  the   glow  p l u g s  i s   p r o v i d e d .  

FIG.  14  s h o w s  a   m o d i f i c a t i o n   of  the  c i r c u i t   of  FIG.  13 

bu t   i n c l u d e s   a  t h e r m a l l y   o p e r a t e d   c i r c u i t   b r e a k e r   s w i t c h   90 

h a v i n g   a  h e a t e r   92  and  n o r m a l l y   c l o s e d   c o n t a c t s   94.  O n c e  

the   c o n t a c t s   of  the   t h e r m a l   s w i t c h   82  c l o s e ,   the   h e a t e r   92 

is  e n e r g i z e d ,   c a u s i n g   the  c o n t a c t s   94  to  open ,   d e - e n e r g i z i n g  
the   power   r e l a y   56  and  the   h e a t e r   92.  This   a l l o w s   t h e  

c o n t a c t s   94  to  c l o s e   a g a i n ,   r e p e a t i n g   the   c y c l e .   Thus  a s  

long  as  the   c o n t a c t s   of  the   t h e r m a l l y   a c t u a t e d   s w i t c h   82 

r e m a i n   c l o s e d   due  to  the  h y s t e r e s i s   e f f e c t   of  t h a t   s w i t c h ,  
the   t h e r m a l   s w i t c h   92  c o n t i n u e s   to  c y c l e   the   glow  p l u g s   o n  
and  o f f   and  t h e r e b y   l i m i t i n g   the  e n e r g y   i n p u t   to  the   p l u g s .  



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

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

t h e r m a l   s t r i p   a t   one  end,  the   s t r i p   b e i n g   f l e x i b l e   to  a l l o w  

movement  of  the   o u t e r   end  of  the  s t r i p   by  b e n d i n g   of  t h e  

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

a  c o n t a c t   arm  and  a  c o m p e n s a t o r   arm  e x t e n d i n g   p a r a l l e l   t o  

each  o t h e r ,   t h e   o u t e r   ends  of  the   arms  b e i n g   m o v a b l e  

r e l a t i v e   to  each  o t h e r   w i t h   f l e x i n g   of  the   arms,   s w i t c h  

means  i n c l u d i n g   a  f i x e d   c o n t a c t   and  a  moving  c o n t a c t  
a c t u a t e d   by  m o t i o n   of  t he   o u t e r   end  of  the   c o n t a c t   arm  t o  

open  and  c l o s e   an  e l e c t r i c a l   c u r r e n t   p a t h ,   h e a t e r   m e a n s  
p o s i t i o n e d   a d j a c e n t   the   s t r i p   b e t w e e n   the   s u p p o r t   and  t h e  

i n n e r   end  of  the   arms,   a t   l e a s t   the   p o r t i o n   of  the   s t r i p  

a d j a c e n t   the   h e a t e r   b e i n g   a  b i m e t a l ,   and  s t o p   means  f o r  

l i m i t i n g   movement  of  the   o u t e r   end  of  the   c o m p e n s a t o r  

a r m .  

2.  A p p a r a t u s   of  c l a i m   1  w h e r e i n   t he   s t o p   m e a n s  
i n c l u d e s   a  s t o p   on  s i d e   of  the   c o m p e n s a t o r   a r m .  

3.  A p p a r a t u s   of  c l a i m   1  w h e r e i n   the   s t o p   m e a n s  
i n c l u d e s   a  s t o p   on  b o t h   s i d e s   of  the   c o m p e n s a t o r   a r m s .  

4.  A p p a r a t u s   of  c l a i m   3  w h e r e i n   the   s t o p s   o n  

o p p o s i t e   s i d e s   of  t he   c o m p e n s a t o r   arms  a re   p o s i t i o n e d   a t  
d i f f e r e n t   d i s t a n c e s   from  s a i d   means  s u p p o r t i n g   t h e  

t h e r m a l   s t r i p .  

5.  A p p a r a t u s   of  c l a i m   3  w h e r e i n   the   s t o p s   a r e   s p a c e d  

a p a r t   to  p r o v i d e   a  gap  t h r o u g h   which   the  c o m p e n s a t o r   moves  

from  one  s t o p   to  t he   o t h e r .  














