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©  Internal  combustion  engine  having  negative  pressure  space  portion. 
A  space  portion  is  provided  at  least  around  an  output 

shaft  of  an  internal  combustion  engine  10  and  negative 
pressure  generating  means  34  is  communicated  with  this 
space  portion  24.  This  negative  pressure  generating  means 
is  made  operative  to  drain  the  air  in  the  space  portion, 
thereby  setting  a  pressure  in  the  space  portion  into  a  desired 
negative  pressure. 



BACKGROUND  OF  THE  INVENTION 

Fie ld   of  the  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   r e l a t e s   to  an  i n t e r n a l   c o m b u s t i o n  

engine  having  a  n e g a t i v e   p r e s s u r e   space  p o r t i o n   and,  more  

p a r t i c u l a r l y ,   to  an  i n t e r n a l   combust ion  engine  having  a  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   whereby  the  n e g a t i v e   p r e s s u r e   s p a c e  

p o r t i o n   is  formed  around  an  ou tpu t   s h a f t   of  an  i n t e r n a l   combus-  

t ion  e n g i n e .  

D e s c r i p t i o n   of  the  P r io r   A r t  

A  p r e s s u r e   in  a  c rankcase   formed  in  the  lower  p o r t i o n   o f  

an  i n t e r n a l   combustion  engine,   e . g . ,   a  r e c i p r o c a t i n g   engine   i s  

set   to  be  s u b s t a n t i a l l y   euqal  to  an  a tmospher ic   p r e s s u r e :  

Upon  o p e r a t i o n   of  the  engine ,   a  p i s t o n   r e c i p r o c a t e s   in  a  c y l i n d e r ,  

thereby  pe r fo rming   the  r e s p e c t i v e   s teps   of  suc t ion ,   c o m p r e s s i o n ,  

exp los ion ,   and  exhaus t .   At  the  same  time,  the  p i s t o n   is  s u b -  

j ec t ed   to  the  exp los ion   p r e s s u r e   and  t r a n s f e r s   the  power  t h r o u g h  

a  connec t ing   rod  to  a  c r a n k s h a f t   as  an  output   s h a f t ,   t h e r e b y  

o b t a i n i n g   a  power  due  to  the  r o t a t i o n a l   motion  of  t h i s   c r a n k s h a f t .  

However,  upon  o p e r a t i o n   of  the  engine,   the  r e c i p r o c a t i n g  

motion  of  the  p i s t o n ,   p a r t i c u l a r l y   the  motions  at  the  time  o f  

the  suc t ion   and  exp los ion   a c t i o n s   and  the  r o t a t i o n a l   motion  o f  

the  connec t ing   rod  and  the  c r a n k s h a f t   are  d i s t u r b e d   by  the  a i r  

in  the  c r ankcase ,   so  tha t   the  ou tpu t   of  the  engine  is  r e d u c e d .  



In  a d d i t i o n ,   the  above-ment ioned   a i r   in  the  c r ankcase   c a u s e s  

the  d e t e r i o r a t i o n   in  q u a l i t y   such  as  the  o x i d a t i o n   of  an  e n g i n e  

o i l   or  the  l i k e ;   t h e r e f o r e ,   in  a  l u b r i c a t i n g   device   using  t h i s  

engine  o i l ,   t h e r e   is  such  an  i n c o n v e n i e n c e   t h a t   i t   is  i m p o s s i b l e  

to  s a t i s f a c t o r i l y   perform  the  i m p o r t a n t   a c t i o n s   such  as  t h e  

l u b r i c a t i n g   a c t i o n   of  v a r i o u s   kinds   of  p a r t s ,   c l e a n i n g   a c t i o n ,  

e t c .  

SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p rov ide   an  

i n t e r n a l   combus t ion   engine  having  a  n e g a t i v e   p r e s s u r e   s p a c e  

p o r t i o n   whereby:   an  a i r   r e s i s t a n c e   in  the  engine  is  reduced  i n  

o p e r a t i o n   of  the  i n t e r n a l   combust ion  engine ;   an  engine  o u t p u t  

e f f i c i e n c y   and  a  r a t i o   of  a  fue l   consumption  q u a n t i t y   to  a  u n i t  

run  d i s t a n c e   of  a  motor  v e h i c l e   are  improved;  d e t e r i o r a t i o n   i n  

q u a l i t y   such  as  the  o x i d a t i o n   of  an  engine  o i l   or  the  l i ke   due 

to  oxygen  in  the  a i r   i s  p r e v e n t e d ;   a  s e r v i c e   l i f e   of  the  e n g i n e  

o i l   is  e l o n g a t e d ;   and  the  expenses  are  cut  down. 

The  above  o b j e c t   is  accompl ished   by  an  i n t e r n a l   c o m b u s t i o n  

engine   which  is  c o n s t i t u t e d   as  f o l l ows .   Namely,  a  space  p o r -  

t i on   is  p r o v i d e d   around  at  l e a s t   an  ou tpu t   s h a f t   of  the  i n t e r n a l  

combust ion   engine   and  n e g a t i v e   p r e s s u r e   g e n e r a t i n g   means  i s  

communicated  wi th   t h i s   space  p o r t i o n .   The  n e g a t i v e  p r e s s u r e  

g e n e r a t i n g   means  compr ises ,   for  example,  a  vacuum  pump  and  by 

making  t h i s   vacuum  pump  o p e r a t i v e ,   the  a i r   in  the  space  p o r t i o n  

is  d r a ined   to  the  o u t s i d e ,   the reby   enab l ing   the  p r e s s u r e   in  t h e  

space  p o r t i o n   to  be  in  a  d e s i r e d   n e g a t i v e   p r e s s u r e .  



According  to  the  p r e s e n t   i n v e n t i o n ,   the  fo l lowing   e f f e c t s  

are  o b t a i n e d .  

(a)  An  air   r e s i s t a n c e   can  be  reduced  in  o p e r a t i o n   of  a n  

i n t e r n a l   combustion  engine  and  an  engine  ou tpu t   e f f i c i e n c y   can  

be  r a i s e d ,   while  a  r a t i o   of  the  fuel   consumption  to  the  r u n  

d i s t a n c e   can  be  i m p r o v e d .  

(b)  A  d e t e r i o r a t i o n   in  q u a l i t y   such  as  o x i d a t i o n   of  an 

engine  oi l   due  to  the  a i r ,   or  the  l i k e   can  be  p r e v e n t e d ,   t h e r e b y  

enabl ing   the  s e r v i c e   l i f e   of  the  engine  o i l   to  be  e l onga t ed   and 

e n a b l i n g  t h e   expenses  to  be  s a v e d .  

(c)  The  above-ment ioned   e f f e c t s   can  be  improved  more  and 

more  as  a  degree  of  vacuum  in  the  space  p o r t i o n   is  r a i s e d ,  

i . e . ,   as  the  n e g a t i v e   p r e s s u r e   t h e r e i n   is  i n c r e a s e d .  

(d)  The  p r e s e n t   i n v e n t i o n   can  be  a lso  app l i ed   to  a  b l o w b y  

gas  which  flows  from  the  combustion  chamber  of  the  i n t e r n a l  

combustion  engine  in to   the  space  p o r t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figs.   1  -.3  i l l u s t r a t e   a  f i r s t   embodiment  of  the  p r e s e n t  

i n v e n t i o n ,   in  which  

Fig.  1  is  a  cross  s e c t i o n a l   v iew wi th   a  p a r t   cut  away 

of  the  main  pa r t   of  an  e n g i n e ;  

F i g .  2   is  a  schemat ic   en la rged   diagram  a t  a   top  dead  

poin t   of  a  p i s ton   of  the  e n g i n e ;  

Fig.  3  is  a  schemat ic   en la rged   diagram  at  a  bottom  dead  

po in t   of  the  p i s ton   of  the  engine;  and 

Fig.  4  is  a  schemat ic   en la rged   diagram  of  the  e n g i n e  



showing  a  second  embodiment  of  the  p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

An  embodiment  of  the  p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d  

in  d e t a i l   h e r e i n b e l o w   with  r e f e r e n c e   to  the  d r a w i n g s .  

F igs .   1  -  3   i l l u s t r a t e   a  f i r s t   embodiment  of  the  p r e s e n t   ! 

i n v e n t i o n .   In  F igs .   1  -   3,  a  r e f e r e n c e   numeral  10  denotes   a  

g a s o l i n e   engine  as  an  i n t e r n a l   combustion  engine ;   12  i n d i c a t e s  

a  spark   plug;   14  is  an  i n t a k e   va lve ;   16  an  exhaus t   va lve ;   18 

a  combust ion  chamber;  20  a  c y l i n d e r ;   22  a  p i s t o n   adapted   to  be  

s l i d a b l y   moved  in  the  c y l i n d e r   20;  24  a  c r a n k c a s e   as  a  s p a c e  

p o r t i o n   p r o v i d e d  a r o u n d   an  ou tpu t   s h a f t ;   26  a  c r a n k s h a f t   a s  

an  ou tpu t   s h a f t ;   28  a  connec t ing   rod  for  coup l ing   the  p i s t o n  

22  with  the  c r a n k s h a f t   26;  and  30  an  o i l   p a n .  

One  end  32a  of  a  n e g a t i v e   p r e s s u r e   passageway  32  opens  i n  

and  is  communicated  with  the  c rankcase   24  in  the  lower  p o r t i o n  

of  the  g a s o l i n e   engine  10,  while  the  o the r   end  32b  of  t h e  

n e g a t i v e   p r e s s u r e   passageway  32  opens  in  and  is  communicated  

wi th   a  vacuum  pump  34  as  n e g a t i v e   p r e s s u r e   g e n e r a t i n g   means .  

In  t h i s   embodiment,  the  vacuum  pump  34  is  not  made  o p e r a t i v e  

by  the  p i s t o n   motion  of  the  g a s o l i n e   engine   10  or  by  the  r o t a -  

t i o n a l   motion  of  the  c r a n k s h a f t ,   but  i t   is  o p e r a t e d   by  t h e  

d r i v i n g   fo rce   to  be  g e n e r a t e d   by  ano ther   d r i v i n g   a p p a r a t u s ,  

e . g . ,   an  e l e c t r i c   m o t o r .  

A  r e f e r e n c e   numeral  36  r e p r e s e n t s   a  ba lance   weight   of  the  ; 

c r a n k s h a f t   26.  

The  o p e r a t i o n   of  the  f i r s t   embodiment  w i l l   then  be  d e s c r i b e d .  



The  vacuum  pump  34  is  made  o p e r a t i v e   to  d ra in   the  a i r   i n  

the  c rankcase   24  through  the  n e g a t i v e   p r e s s u r e   passageway  32.  

Due  to  th is   a  p r e s s u r e   in  the  c rankcase   24  becomes  a  d e s i r e d  

n e g a t i v e   p r e s s u r e .  

In  o p e r a t i o n   of  the  engine ,   as  shown  in  F igs .   2  and  3 ,  

the  p i s t o n   22  v e r t i c a l l y   r e c i p r o c a t e s   from  the  top  dead  p o i n t  

to  the  bottom  dead  p o i n t .   The  c r a n k s h a f t   26  is  r o t a t e d  t h r o u g h  

the  connect ing   rod  28  due  to  t h i s   v e r t i c a l   r e c i p r o c a t i n g   m o t i o n .  

A t  t h i s  t i m e   s ince  the  c rankcase   24  is  in  the  n e g a t i v e   p r e s s u r e  

s t a t e ,  t h i s   enables   an  a i r   r e s i s t a n c e   to  be  reduced  in  t h e  

v e r t i c a l   motion  of  the  p i s t o n   22,  p a r t i c u l a r l y ,   in  the  d e s c e n d -  

ing  motion  t he r eo f   and  the  r o t a t i o n a l   motion  of  the  c r a n k s h a f t  

26.  Thus,  the  v e r t i c a l   motion  of  the  p i s t o n   22  and  the  r o t a -  

t i o n a l   motion  of  the  c r a n k s h a f t   26  can  be  smoothly  p e r f o r m e d .  

In  a d d i t i o n ,   i t   is  also  p o s s i b l e   to  p r even t   d e t e r i o r a t i o n   i n  

q u a l i t y   of  an  engine  o i l   due  to  t h e  a i r   in  the  c r a n k c a s e  2 4 .  

On  the  o ther   hand,  a l though   a  p r e s s u r e   in  the  c r a n k c a s e  

24  has  been  set   into  a  d e s i r e d   n e g a t i v e   p r e s s u r e ,   the  a b o v e -  

mentioned  o p e r a t i o n a l   e f f e c t   can  be  f u r t h e r   improved  as  a  

degree  of  vacuum,  i . e . ,   a  n e g a t i v e   p r e s s u r e   is  i n c r e a s e d .  

Fig.  4  i l l u s t r a t e s   a  second  embodiment  of  the   p r e s e n t  

i n v e n t i o n .   In  th i s   second  embodiment,  the  p a r t s   and  components  

having  the  same  f u n c t i o n s   as  those  of  the  p a r t s   and  components  

shown  in  the  f i r s t   embodiment  are  d e s i g n a t e d   by  the  same  r e f e r -  

ence  numerals.   A  f e a t u r e   of  the  second  embodiment  is  tha t   t h e  

c r a n k s h a f t   26  and  the  vacuum  pump  34  as  the  n e g a t i v e   p r e s s u r e  

g e n e r a t i n g   means  are  i n t e r l o c k e d   by  momentum  t r a n s f e r   means  40.  



In  o t h e r   words,  when  the  c r a n k s h a f t   26  is  r o t a t e d   upon  o p e r a -  

t i o n   of  the  eng ine ,   t h i s   r o t a t i o n a l   force  is  t r a n s f e r r e d   t o  

the  vacuum  pump  34  through  the  momentum  t r a n s f e r   means  4 0 ,  

t h e r e b y   making  the  vacuum  pump  34  o p e r a t i v e .   The  a i r   in  t h e  

c r a n k c a s e   24  is  d r a ined   th rough   the  nega t ive   p r e s s u r e   p a s s a g e w a y  

32  by  the  vacuum  pump  34,  t h e r e b y   causing  a  p r e s s u r e   in  t h e  

c r a n k c a s e   to  be  n e g a t i v e .  

Namely,  s ince   the  vacuum  pump  34  can  be  o p e r a t e d   upon 

o p e r a t i n g   the  engine ,   a  p r e s s u r e   in  the  c r ankcase   24  can  b e  

always  m a i n t a i n e d   into  an  optimum  nage t ive   p r e s s u r e   and  i t   i s  

a l so   p o s s i b l e   to  cope  with  a  downstream  of  a  blowby  gas,  t h e r e b y  

e n a b l i n g   the  v e r t i c a l   mot ion  of  the  p i s t o n   and  the  r o t a t i o n a l  

mot ion   of  the  c r a n k s h a f t   to  be  smoothly  p e r f o r m e d .  

In  a d d i t i o n ,   the  p r e s e n t   i n v e n t i o n   i s   not  l i m i t e d   to  t h e  

above  embodiments ,   but  many  v a r i a t i o n s   and  m o d i f i c a t i o n s   a r e  

p o s s i b l e .  

For  example,   a l t hough   the  above  f i r s t   and  second  embodi -  

ments  have  been  d e s c r i b e d   with  regard   to  a  g a s o l i n e   e n g i n e ,  

the  p r e s e n t   i n v e n t i o n   can  be  a lso  employed  to  o the r   v a r i o u s  

k inds   of  engines   ( e . g . ,   a  d i e s e l   engine,  e t c . )   in  the  i n t e r n a l  

combus t ion   engine .   In  a d d i t i o n ,   in  a  r o t a r y   engine  of  t h e  

i n t e r n a l   combust ion  engine ,   by  s e t t i n g   a  p r e s s u r e   in  a  s p a c e  

which  is  c o n s t i t u t e d   by  an  i n t e r n a l   gear  of  a  r o t o r   and  a  

s t a t i o n a r y   gear  into  a  n e g a t i v e   p r e s s u r e ,   an  a i r   r e s i s t a n c e  

in  the  engagement  of  each  gear  upon  r o t a t i o n   of  the  r o t o r   i s  

d e c r e a s e d   and  the  r o t o r   and  an  e c c e n t r i c   s h a f t   are  r o t a t e d  

smoo th ly ,   the reby   enabl ing   an  ou tpu t   e f f i c i e n c y   of  the  e n g i n e  



to  be  improved .  

In  a d d i t i o n ,   in  the  second  embodiment,  the  blowby  g a s  

which  flows  from  the  combust ion  chamber  into  the  c r ankcase   i s  

always  d ra ined   from  the  c rankcase   by  the  vacuum  pump  which  i s  

i n t e r l o c k e d   with  the  c r a n k s h a f t   and  a  p r e s s u r e   in  the  c r a n k c a s e  

is  se t   in to   a  n e g a t i v e   p r e s s u r e ;   however,  i t  i s   a lso  p o s s i b l e  

to  ma in t a in   the  p r e s s u r e   in  the  c rankcase   to  be  n e g a t i v e   by 

o the r   methods  such  as  a  method  of  u t i l i z i n g   t h e  r e c i p r o c a t i n g  

motion  of  the  p i s t o n   and  the  n e g a t i v e   p r e s s u r e   of  a  s u c t i o n  

tube,   or  the  l i k e .  

Fu r the rmore ,   in  the  f i r s t   and  second  embodiments,   t h e  

engine  and  the  vacuum  pump  as  the  n e g a t i v e  p r e s s u r e   g e n e r a t i n g  

means  were  communicated  by  the  n e g a t i v e   p r e s s u r e   p a s s a g e w a y  

and  a re   i n t e g r a l l y   c o n s t i t u t e d ,   but  i t   may  be  p o s s i b l e   t o  

c o n s t i t u t e   in  such  a  manner  t h a t   the  engine  and  the  n e g a t i v e  

p r e s s u r e   passageway  or  the  vacuum  pump  are  d e t a c h a b l y   p r o v i d e d  

and  the  p r e s s u r e   in  the  c rankcase   is  set   in to   a  n e g a t i v e   p r e s s u r e  

using  the  vacuum  pump  i f   n e c e s s a r y .   With  such  a  c o n s t i t u t i o n ,  

i t   is  p o s s i b l e   to  reduce  the  number  of  s teps   of  a t t a c h i n g   t h e  

vacuum  pump  and  the  n e g a t i v e   p r e s s u r e   passageway  w i t h o u t   c a u s i n g  

any  i nconven i ence   of  an  i n c r e a s e   in  weight  of  a  v e h i c l e .  



1.  An  i n t e r n a l   combust ion   engine  having  a  space  p o r t i o n  

p r o v i d e d   at  l e a s t   around  an  ou tpu t   s h a f t   of  the  i n t e r n a l  

combust ion  engine ,   a  p r e s s u r e   in  said  space  p o r t i o n   being  s e t  

i n t o   a  n e g a t i v e   p r e s s u r e .  

2.  An  i n t e r n a l   combust ion  engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   acco rd ing   to  claim  1,  wherein   s a i d  

i n t e r n a l   combustion  engine   is  a  r e c i p r o c a t i n g   e n g i n e .  

3.  An  i n t e r n a l   combust ion   engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   a c c o r d i n g   to  claim  2,  where in   s a i d  

space  p o r t i o n   is  a  c r a n k c a s e   p rov ided   around  a  c r a n k s h a f t  

as  the  ou tpu t   s h a f t .  

4.  An  i n t e r n a l   combust ion   engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   acco rd ing   to  any one  of  c laims  1,  2 

and  3,  wherein  n e g a t i v e   p r e s s u r e   g e n e r a t i n g   means  for  s e t t i n g  

the  p r e s s u r e   in  the  space  p o r t i o n   into  a  n e g a t i v e   p r e s s u r e   i s  

a  vacuum  pump. 

5.  An  i n t e r n a l   combust ion   engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   a c c o r d i n g   to  claim  4,  wherein   s a i d  

vacuum  pump  is  made  o p e r a t i v e   by  an  e l e c t r i c   m o t o r .  

6.  An  i n t e r n a l   combust ion  engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   a cco rd ing   to  claim  4,  wherein  s a i d  

vacuum  pump  is  made  o p e r a t i v e   by  the  r o t a t i o n a l   motion  of  a 

c r a n k s h a f t   of  said  i n t e r n a l   combustion  engine  through  momentum 

t r a n s f e r   means .  

7.  An  i n t e r n a l   combust ion  engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   acco rd ing   to  claim  1,  wherein  s a i d  



i n t e r n a l   combust ion  engine  is  a  r o t a r y   e n g i n e .  

8.  An  i n t e r n a l   combust ion  engine  having  the  n e g a t i v e  

p r e s s u r e   space  p o r t i o n   accord ing   to  claim  7,  where in   s a i d  

space  p o r t i o n   is  formed  by  an  i n t e r n a l   gear  and  a  s t a t i o n a r y  

g e a r .  
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