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@  Apparatus  for  preventing  thermal  seiiure  of  •  turbo-supercharger  drive  shaft. 
in  a  first  embodiment,  a  thermal  sensor  senses  the 

temperature  of  exhaust from  an  intemal  combustion  engine. 
When  the  sensed  temperature  of  exhaust  exceeds  a  prede- 
termined  value,  the  sensor  produces  a  drive  signal  which 
drives  a  fan  motor  (4)  to  cool  the  engine  compartment  and 
therefore  the  shaft  and  bearings  of  an  exhaust  turbine  of  a 
turbo-super-charger  for  use  with  the  engine,  thereby  pre- 
venting  thermal  seizure  of  the  shaft  and  bearings.  In  a 
second  embodiment,  the  fan  motor  (4)  is  responsive  to  the 
opening  of  an  ignition  switch  (7)  and  to  the  presence  of  a 
value  (ST)  indicative  of  the  drive  signal  immediately  before 
the  opening  of  the  ignition  switch  (7)  to  be  driven  to  cool  the 
turbo-supercharger  shaft  and  bearings  subjected  to  high 
heat  produced  in  the  engine  compartment  after  the  engine 
has  been  stopped. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o   an  e n g i n e  

c o o l i n g   f a n   c o n t r o l   a p p a r a t u s ,   and  more   p a r t i c u l a r l y   t o  

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

of  a  t u r b o - s u p e r c h a r g e r   i n s t a l l e d   in   t h e   e n g i n e .  

In   an  i n t e r n a l   c o m b u s t i o n   e n g i n e   w i t h   a  

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

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

t h e   e x h a u s t   t u r b i n e   and  t h e   c o m p r e s s o r   of   t h e   t u r b o -  

s u p e r c h a r g e r   i s   s u b j e c t e d   to   h o t   e x h a u s t   g a s   so  t h a t   t h e  

s h a f t   has   a  t e n d e n c y   to   be  s e i z e d   by  i t s   b e a r i n g s .  

The   p r e s e n t   i n v e n t i o n   p r o v i d e s   an  a p p a r a t u s  

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  e x h a u s t   to   d r i v e   a  

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

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

p r e v e n t i n g   s e i z u r e   of   t h e   s h a f t   by  i t s   b e a r i n g s .  

In   t h e   d r a w i n g s :  

F i g .   1  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a  

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

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

F i g .   2  i s   a  v i e w ,   s i m i l a r   to   F i g .   1,  of  a  s e c o n d  

e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;   a n d  



F i g .   3  i s   a  s c h e m a t i c   d i a g r a m   of  t h e   t i m e r   o f  

F i g .   2 .  

The   same  r e f e r e n c e   n u m e r a l s   a r e   u s e d   to   d e s i g n a t e  

s i m i l a r   e l e m e n t s   of  t h e   e m b o d i m e n t s   shown  in  t h e   f i g u r e s .  

R e f e r r i n g   t o  F i g .   1,  t h e r e   is   shown  a  p r e f e r r e d  

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n . . I n   t he   p a r t i c u l a r  

e m b o d i m e n t ,   a  b a t t e r y   1  i s   a d a p t e d   to  s u p p l y   e l e c t r i c a l  

power   to   a  f a n  m o t o r   4,  i n s t a l l e d   to  c o o l   t h e   e n g i n e  

c o m p a r t m e n t ,   v i a   a  f u s i b l e   l i n k   2  and  a  f u s e   3  when  t h e  

c i r c u i t   i s   c l o s e d ,   t h e r e b y  d r i v i n g   f a n   m o t o r   4  to   c o o l   t h e  

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

a n d  i t s  b e a r i n g s   w h i c h   a r e   s u b j e c t e d   . to  h o t   e x h a u s t .  

S w i t c h   5,  a c t i n g   as  a  t h e r m a l   s e n s o r ,   i s   c l o s e d   when  t h e  

e x h a u s t   t e m p e r a t u r e   e x c e e d s   a  p r e d e t e r m i n e d   v a l u e ,   and  i s  

open   when  t h e   e x h a u s t   t e m p e r a t u r e   f a l l s   b e l o w   t h e  

p r e d e t e r m i n e d   v a l u e .   F u s i b l e   l i n k   2  and  f u s e   3  a r e   f o r  

p r o t e c t i o n   of  b a t t e r y   1  and  t h e   w h o l e   c i r c u i t   f r o m   s h o r t -  

c i r c u i t i n g   a n d / o r   m a l f u n c t i o n   of  m o t o r   4 .  

R e f e r r i n g   t o   F i g .   2,  t h e r e   i s   shown  a  s e c o n d  

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

to   t h e   p r e s e n t   i n v e n t i o n .   In   a d d i t i o n   to   t he   p r e v i o u s l y  

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

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

w i l l   be  c o o l e d   f o r   a  p r e d e t e r m i n e d   i n t e r v a l   a f t e r   t h e  

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



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

e n g i n e   i s   t u r n e d   o f f .   In   t h i s   e m b o d i m e n t ,   b a t t e r y   1  h a s  

one   e l e c t r o d e   g r o u n d e d   and  t h e   o t h e r   e l e c t r o d e   c o n n e c t e d  

v i a   f u s i b l e   l i n k   2  and  f u s e   3  to   one  t e r m i n a l   of  f a n   m o t o r  

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

t e r m i n a l  C   of  a  t i m e r   6  w h i c h   s e r v e s   to   c o n t r o l   t h e  

o p e r a t i n g   i n t e r v a l   of  m o t o r   6.  The  p o w e r   s u p p l y   f o r   t i m e r  

6  i s   p r o v i d e d   by  c o n n e c t i o n   of  a  p o w e r   s u p p l y   t e r m i n a l   B 

t h e r e o f   to   t he   o u t p u t   of  f u s e   3 .   T i m e r   6  has   an  i g n i t i o n  

d e t e c t i o n   t e r m i n a l   Ig  to   d e t e c t   t h e   o f f   s t a t e   of  a n  

i g n i t i o n   s w i t c h   7.  T e r m i n a l   Ig   i s   c o n n e c t e d   v i a   a  f u s e   8  

to   a  t e r m i n a l   of  i g n i t i o n   s w i t c h   7,  t h e   i n p u t   of  w h i c h   i s  

c o n n e c t e d   to   t h e   o u t p u t   of  f u s i b l e   l i n k   2.  F u s e   8  has   t h e  

same  f u n c t i o n   as  f u s e   3.  In   F i g .   3,  power   s u p p l y  

t e r m i n a l   B  i s   c o n n e c t e d   v i a   a  s t a b i l i z i n g   p o w e r   s o u r c e   SB 

and  an  a n a l o g   s w i t c h   AS  to  a  power   s u p p l y   l i n e   B'  f o r   a n  

a m p l i f i e r   10.  When  i g n i t i o n   s w i t c h  7   i s   c l o s e d   a n a l o g  

s w i t c h   AS  i s   a c t u a t e d   v i a   i n p u t   t e r m i n a l   Ig   and  a  r e s i s t o r  

r1  to   s u p p l y   t h e   s t a b i l i z e d   s u p p l y   v o l t a g e   v i a   B'  t o  

a m p l i f i e r   10.  R e t u r n i n g   to   F i g .   2,  an  e x h a u s t   t e m p e r a t u r e  

s e n s o r  9 ,   p r o v i d e d   in   t h e   e x h a u s t   m a n i f o l d ,   n o t   s h o w n ,  

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

a m p l i f i e r   10  when  t h e   s e n s e d   t e m p e r a t u r e   i s   a b o v e   a  

p r e d e t e r m i n e d   v a l u e ,   f o r   e x a m p l e   7 0 0 ° C .  S e n s o r   9  may  be  a  

c o n v e n t i o n a l   s e m i c o n d u c t o r   t h e r m a l   s e n s o r .   A m p l i f i e r   10  

a m p l i f i e s   t he   s i g n a l   f rom  s e n s o r   9  and   s u p p l i e s   t h e  



a m p l i f i e d   s i g n a l   ST  to   t i m e r   6.  A m p l i f i e r   10  i s   s u p p l i e d  

w i t h   e l e c t r i c a l   power   f rom  t e r m i n a l   B'  o n l y   w h i l e   i g n i t i o n  

s w i t c h   i s   on.   T i m e r   6  m a y   have   a  s t r u c t u r e   s u c h   as  s h o w n  

in  F i g .   3.  I n   t h i s   p a r t i c u l a r   s t r u c t u r e ,   an  AND  g a t e  

r e c e i v e s   a  d r i v e   i n p u t   v i a   r e s i s t o r   r1  and  an  i n v e r t e r   INV 

f rom  t e r m i n a l   Ig  w h i l e   i g n i t i o n   s w i t c h   7  i s   o p e n .  A   l e v e l  

a d j u s t   c i r c u i t   i n c l u d i n g   a  Z e n e r   d i o d e   ZD,  a  r e s i s t o r   r 2  

and  a  c a p a c i t o r   C1  a d j u s t s   t he   v o l t a g e   a t   t h e   c o n t r o l   i n p u t  

t e r m i n a l   of  a n a l o g   s w i t c h   AS  and  a t   i n v e r t e r   INV  to   a  

d e s i r e d   v a l u e .   A n o t h e r   d r i v e   i n p u t   ST  i s   s u p p l i e d   f r o m  

a m p l i f i e r   10  to   t h e   AND  g a t e .   A  h o l d   c i r c u i t   c o m p r i s i n g   a  

r e s i s t o r   r3  and  a  c a p a c i t o r   C2  h o l d s   t h e   v a l u e   of  ST  f o r   a  

s h o r t   t i m e ,  f o r   e x a m p l e   1  s e c o n d .   The   t i m e   c o n s t a n t  

d e t e r m i n e d   by  r3  and  C2  i s   s e l e c t e d   t o  b e   g r e a t e r   t h a n   t h a t  

d e t e r m i n e d   by  C1  and  r2  of  t h e   l e v e l   a d j u s t   c i r c u i t .   W h e n  

t h e   AND  g a t e   o u t p u t s   a  h i g h   l e v e l   s i g n a l ,   a  m o n o s t a b l e  

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

f o r   a  s h o r t  p r e d e t e r m i n e d   t i m e   of  f r o m   1  to   3  m i n u t e s ,  

t h e r e b y  t u r n i n g   on  a  t r a n s i s t o r   Tr  v i a   an  OR  g a t e   f o r   t h a t  

i n t e r v a l   to   o p e r a t e   f a n   m o t o r   4.  F o r   as  l o n g   as  t h e   s i g n a l  

ST  p e r s i s t s ,   t r a n s i s t o r   Tr  i s   a l s o   t u r n e d   on  v i a   t h e   OR 

g a t e ,   t h e r e b y   o p e r a t i n g   f a n   m o t o r  4   f o r   t h a t   i n t e r v a l  

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

p r e d e t e r m i n e d   v a l u e .  

In   o p e r a t i o n ,   d u r i n g   e n g i n e   o p e r a t i o n ,   e x h a u s t  

t e m p e r a t u r e   s e n s o r   9  c o n t i n u o u s l y   c h e c k s   t h e  t e m p e r a t u r e   o f  

e x h a u s t .   When  s e n s o r   9  d e t e c t s   t h a t   t h e   t e m p e r a t u r e   o f  



e x h a u s t   e x c e e d s   t h e   p r e d e t e r m i n e d   v a l u e   (700°C  in  t h i s  

p a r t i c u l a r   e m b o d i m e n t ) ,   s e n s o r  9   o u t p u t s   a  s i g n a l   a n d  

t h e r e f o r e   a m p l i f i e r   10  o u t p u t s   a  c o n s t a n t - l e v e l   d . c .  

v o l t a g e   s i g n a l   as  s i g n a l   S T  t o   t i m e r   6  w h i c h   d r i v e s   m o t o r   4 

v i a   t h e   OR  g a t e   and  t r a n s i s t o r   Tr  f o r   as  l o n g   as  s i g n a l   S T  

p e r s i s t s .   When  i g n i t i o n   s w i t c h   7  i s   o p e n e d ,   t h e  I g   c o n t r o l  

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

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

e l e c t r i c a l   p o w e r   to  a m p l i f i e r   10 .   At  t h i s   t i m e ,   t h e   o u t p u t  

s i g n a l   ST  f r o m   a m p l i f i e r   10  d i s a p p e a r s ,   b u t   t h e   v a l u e   of  ST  

i m m e d i a t e l y   b e f o r e   ST  d i s a p p e a r s   i s   h e l d   by  t h e   h o l d  

c i r c u i t .   T h u s ,   b o t h   i n p u t s   t o   AND  g a t e   a r e   h i g h   so  t h a t  

m o n o s t a b l e   m u l t i v i b r a t o r   M/M  p r o d u c e s   an  o u t p u t  

c o n t i n u o u s l y   f o r   1  to   3  m i n u t e s .   T h u s   t h e   e n g i n e  

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

c o o l e d   w h e r e b y   s e i z u r e   of   t h e   d r i v e   s h a f t   i s   p r e v e n t e d .  

The  t e m p e r a t u r e   of  e x h u s t   c o r r e s p o n d s   a c c u r a t e l y  

to   t h e   t e m p e r a t u r e   of  t u r b i n e   s h a f t .   A f t e r   e n g i n e   s t o p s ,  

t h e   t e m p e r a t u r e   of  t h e   e x h a u s t   s y s t e m   can   r i s e   to   a  v a l u e  

h i g h e r   t h a n   any  o t h e r   s y s t e m   in   t h e   e n g i n e   c o m p a r t m e n t .  

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

e x h a u s t   i t s e l f   in   o r d e r   t o   p r e v e n t   s e i z u r e   of  t h e  

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

W h i l e   t he   p r e s e n t   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

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

t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   l i m i t e d   t h e r e t o .   V a r i o u s  

m o d i f i c a t i o n s   and  c h a n g e s   c o u l d   be  made  by  t h o s e   s k i l l e d   i n  



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

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



1.  A p p a r a t u s   f o r   p r e v e n t i n g   t h e r m a l   s e i z u r e   of   t h e  

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

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

b u s t i o n   e n g i n e ,   c o m p r i s i n g :  

-  means   ( 5 ; 9 )   f o r   s e n s i n g   t h e   t e m p e r a t u r e   o f   e x h a u s t  

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

t h e   s e n s e d   t e m p e r a t u r e   e x c e e d s   a  p r e d e t e r m i n e d   v a l u e ;  

-  m e a n s   (4)  f o r   c o o l i n g   t h e   s h a f t   and  b e a r i n g s ,   a n d  

-  c o n t r o l   m e a n s   ( 5 ; 6 )   r e s p o n s i v e   t o   t h e   d r i v e   s i g n a l   f o r  

d r i v i n g   t h e   c o o l i n g   means   to   c o o l   t h e   s h a f t   a n d  

b e a r i n g s .  

2.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   1,  c  h  a  r  a  c  t   e  -  

r  i  z  e  d   i n   t h a t   s a i d   c o n t r o l   means   i n c l u d e s   a  t i m e r  

(6)  r e s p o n s i v e   to   t h e   o p e n i n g   of  an  i g n i t i o n   s w i t c h   (7 )  

and  t h e   p r e s e n c e   of  a  v a l u e   i n d i c a t i v e   of   t h e   d r i v e  

s i g n a l   f r o m   s a i d   s e n s i n g   means   (9)  i m m e d i a t e l y   b e f o r e  

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

means   (4)  f o r   a  p a r t i c u l a r   t i m e   i n t e r v a l   a f t e r   t h e  

i g n i t i o n   s w i t c h   has   o p e n e d .  

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2,  c  h  a  r  a  c  t   e  -  

r  i  z  e  d   in   t h a t   s a i d   t i m e r   (6)  i n c l u d e s   m e a n s   (AS) 

r e s p o n s i v e   to   t h e   c l o s i n g   of  s a i d   i g n i t i o n   s w i t c h   ( 7 )  



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

means   (9)  and  r e s p o n s i v e   to   t h e   o p e n i n g   of   s a i d  

i g n i t i o n   s w i t c h   (7)  f o r   i n t e r r u p t i n g   t h e   s u p p l y  

of   s a i d   p o w e r   t o   s a i d   s e n s i n g   means   ( 9 ) ,   and  m e a n s  

( C 2 , r 3 )   f o r   h o l d i n g  t h e   v a l u e   i n d i c a t i v e   of  t h e  

d r i v e   s i g n a l   f o r   a  s h o r t   t i m e .  
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