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©  An  engine  noise  control  device  comprising  an 
open  portion  (7)  in  a  vehicle  engine  compartment 
(6),  and  a  noise  control  member  (10)  attached  to 
said  open  portion  of  the  engine  compartment  and 
having  a  noise  entering  surface  (11)  and  a  noise 
ejecting  surface  (12)  while  being  provided  with  a 
plurality  of  hollow  conduit  passages  (13)  extending 
from  the  noise  entering  surface  to  the  noise  ejecting 
surface  of  the  noise  control  member,  the  hollow 
conduit  passages  having  a  noise  controlling  effect, 
characterized  in  that  the  noise  control  member  is 
divided  into  two  portions  (10A,  10B)  and  a  space 
(21)  is  formed  therebetween  whereby  sounds  con- 
trolled  by  passage  through  the  hollow  conduit  pas- 
sages  of  the  noise  control  member  and  other  sound 
radiated  and/or  diffracted  from  the  interior  of  the 
engine  compartment  induce  destructive  interference. 
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The  present  invention  relates  to  an  engine 
noise  control  device  for  use  in  automobiles  or  the 
like  as  a  countermeasure  against  noise  pollution, 
and  in  particular  aims  to  reduce  the  engine  noise 
radiated  and/or  diffracted  to  the  outside  from  the 
engine  of  an  automobile. 

In  general,  as  shown  in  Figure  1  of  the  accom- 
panying  drawings,  which  is  a  diagrammatic  vertical 
sectional  view  of  the  engine  area  of  an  automobile, 
an  engine  1  of  the  automobile  is  fitted  onto  frame 
side  members  2  through  mounts  3,  and  placed  in 
an  engine  area  6  defined  by  a  body  4  and  a  bonnet 
5.  The  engine  area  6  is  open  to  the  atmosphere 
through  an  opening  7  at  the  bottom  portion  of  the 
engine  area  for  radiating  heat  generated  from  the 
engine  etc.  Thus,  noises  (non-controlled  sound 
waves)  generated  from  the  engine  1  are  radiated 
and/or  diffracted  to  the  outside  from  the  opening  7 
as  shown  by  reference  numeral  8,  thereby  causing 
problems  of  noise  pollution. 

If  the  engine  area  opening  is  completely 
closed,  such  engine  noise  can  be  reduced  to  a 
large  extent.  However,  since  the  engine  area  open- 
ing  must  not  be  closed  for  the  above-mentioned 
reason,  conventionally  a  sound  absorbing  material 
has  merely  been  attached  to  the  inner  surface  of 
the  bonnet  5  and  the  inner  wall  of  the  body  4,  so 
that  a  large  noise-reducing  effect  cannot  be  ob- 
tained. 

In  view  of  the  above,  an  aim  of  the  present 
invention  is  to  provide  an  engine  noise  control 
device  for  use  in  an  automobile  or  the  like,  in  which 
the  noise-propagating  direction  is  modified  or 
changed  by  controlling  the  noise  to  reduce  the 
energy  of  sound  radiated  and/or  diffracted  to  the 
outside. 

It  is  another  aim  of  the  present  invention  to 
provide  an  engine  noise  control  device  for  use  in 
an  automobile  or  the  like,  in  which  a  destructive 
interference  effect  is  induced  due  to  the  displace- 
ment  in  phase  between  controlled  sound  waves 
and  non-controlled  sound  waves  to  reduce  the 
noise  to  the  outside  of  the  automobile  to  a  large 
extent. 

The  present  invention  in  one  respect  provides 
an  engine  noise  control  device  comprising  an  open 
portion  in  a  vehicle  engine  compartment,  and  a 
noise  control  member  attached  to  said  open  por- 
tion  of  the  engine  compartment  and  having  a  noise 
entering  surface  and  a  noise  ejecting  surface  while 
being  provided  with  a  plurality  of  hollow  conduit 
passages  extending  from  the  noise  entering  sur- 
face  to  the  noise  ejecting  surface  of  the  noise 
control  member,  the  hollow  conduit  passages  hav- 
ing  a  noise  controlling  effect,  characterized  in  that 
sounds  controlled  by  passage  through  the  hollow 
conduit  passages  of  the  noise  control  member  and 
other  sound  radiated  and/or  diffracted  from  the 

interior  of  the  engine  compartment  induce  destruc- 
tive  interference. 

The  invention  in  another  aspect  provides  an 
engine  noise  control  device  comprising  an  open 

5  portion  in  a  vehicle  engine  compartment,  and  a 
noise  control  member  attached  to  said  open  por- 
tion  of  the  engine  compartment  and  having  a  noise 
entering  surface  and  a  noise  ejecting  surface  while 
being  provided  with  a  plurality  of  hollow  conduit 

io  passages  extending  from  the  noise  entering  sur- 
face  to  the  noise  ejecting  surface  of  the  noise 
control  member,  the  hollow  conduit  passages  hav- 
ing  a  noise  controlling  effect,  characterized  in  that 
the  noise  control  member  is  divided  into  two  por- 

75  tions  and  a  space  is  formed  therebetween  whereby 
sounds  controlled  by  passage  through  the  hollow 
conduit  passages  of  the  noise  control  member  and 
other  sound  radiated  and/or  diffracted  from  the 
interior  of  the  engine  compartment  induce  destruc- 

20  tive  interference. 
According  to  a  preferred  aspect  of  the  inven- 

tion,  there  is  provided  an  engine  noise  control 
device  in  which  a  part  of  the  noise  propagating 
from  a  noise  source  is  passed  through  a  plurality  of 

25  hollow  conduit  passages  having  differences  in  the 
conduit  passage  length  to  control  the  lengths  of  the 
propagating  paths  of  the  noise  passed  through  the 
hollow  conduit  passages,  whereby  the  phase  of  the 
noise  is  displaced  to  induce  a  destructive  interfer- 

30  ence  phenomenon  due  to  the  interference  between 
the  controlled  noise  and  the  directly  propagating 
non-controlled  noise,  thereby  reducing  the  noise  to 
a  large  extent. 

The  invention  will  be  further  described,  by  way 
35  of  example  only,  with  reference  to  the  accompany- 

ing  drawings,  wherein: 
Figure  2  is  a  diagrammatic  vertical  sectional 
view  of  the  engine  area  of  an  automobile,  similar 
to  that  in  Figure  1  but  to  which  a  noise  control 

40  device  according  to  the  present  invention  is 
attached: 
Figure  3  is  a  vertical  sectional  view  of  a  convex 
lens  shape  noise  control  member; 
Figure  4  is  a  perspective  view  of  the  convex 

45  lens  shape  noise  control  member  shown  in  Fig- 
ure  3; 
Figure  5  is  a  bottom  perspective  view  of  another 
embodiment  of  a  convex  lens  shape  noise  con- 
trol  member; 

50  Figure  6  is  a  diagrammatic  vertical  sectional 
view  of  an  engine  area  provided  with  a  further 
embodiment  of  a  noise  control  member  accord- 
ing  to  the  present  invention; 
Figure  7  is  a  vertical  sectional  view  of  the  noise 

55  control  member  shown  in  Figure  6; 
Figure  8  is  a  perspective  view  of  the  noise 
control  member  shown  in  Figure  6; 
Figure  9  is  a  detailed  view  of  an  interfering 
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portion  between  controlled  sound  waves  and 
non-controlled  sound  waves  in  the  embodiment 
shown  in  Figure  6; 
Figures  10-14  are  diagrammatic  vertical  sec- 
tional  views  of  engine  areas  similar  to  the  em- 
bodiment  in  Figure  2  which  illustrate  other  em- 
bodiments  according  to  the  present  invention; 
Figures  15-17  are  diagrammatic  views  illustrat- 
ing  various  embodiments  according  to  the 
present  invention  in  which  small  obstacles  are 
placed  in  hollow  conduit  passages; 
Figure  18  is  a  diagrammatic  view  illustrating  an 
experimental  model  device;  and 
Figure  19  is  a  graph  showing  experimental  re- 
sults  obtained  by  the  experimental  model  de- 
vice. 

In  the  drawings,  like  reference  numerals  in- 
dicate  like  parts. 

Figure  2  shows  an  embodiment  in  which  a 
convex  lens  shape  noise  control  member  10  is 
attached  to  frame  side  members  2  such  that  the 
noise  control  member  may  be  positioned  in  an 
engine  area  opening  7  at  the  bottom  portion  of  an 
engine  area  6. 

As  shown  in  Figure  3,  the  convex  lens  shaped 
noise  control  member  10  has  a  plurality  of  conduit 
passages  13  having  different  conduit  passage 
lengths  and  extending  from  the  one  surface  11  to 
the  other  surface  12  of  the  noise  control  member, 
and  the  conduit  passages  13  are  arranged  parallel 
to  one  another  such  that  the  conduit  passage 
length  becomes  shorter  from  the  central  portion 
10a  to  the  peripheral  portion  10b  of  the  noise 
control  member  as  shown  by  the  conduit  passage 
lengths  Ii  and  Jt  2  - 

It  is  preferable  that  the  convex  lens  shape 
noise  control  member  10  is  so  designed  that  the 
one  surface  1  1  is  a  flat  plane  and  the  other  surface 
12  is  a  half  cylindrical  convex  lens  shape  forming 
an  arch,  or  a  semi-circular  shape  as  shown  in 
Figure  4,  or  as  shown  in  Figure  5  the  one  surface 
11  is  a  flat  plane  and  the  other  surface  12  is  a 
semi-spherical  convex  lens  shape  forming  a  part  of 
a  sphere.  Alternatively,  the  other  surface  12  may 
be  shaped  as  a  convex  lens  other  than  as  shown  in 
the  drawings. 

When  the  convex  lens  shape  noise  control 
member  thus  constituted  is  attached  to  the  engine 
area  opening  7,  the  noise  generated  by  the  engine 
etc.  in  the  engine  area  6  enters  the  noise  control 
member  10  from  the  flat  incident  surface  11  and 
passes  through  the  interior  of  a  plurality  of  the 
hollow  conduit  passages  13  having  different  con- 
duit  passage  lengths  respectively,  so  that  the 
phases  are  displaced,  and  the  noise  is  radiated 
from  the  sound  wave  radiation  surface  12  of  a 
convex  surface  shape.  Destructive  interference  is 
induced  between  the  controlled  sound  with  the 

phases  thus  displaced  and  the  non-controlled  and 
directly  propagating  sound  directly  radiated  and/or 
diffracted  from  the  interior  of  the  engine  area  6  to 
the  outside  through  the  space  or  another  opening 

5  (not  shown)  present  at  the  engine  area  opening  7. 
Consequently,  the  noise  is  reduced  and  directed  to 
the  radiation  surface  12  of  the  convex  lens  shape 
noise  control  member  10  toward  the  ground  sur- 
face  15  as  shown  by  arrows  14  in  Figure  2,  so  that 

10  the  energy  of  the  sound  is  directed  to  the  central 
portion  under  the  chassis,  and  the  degree  at  which 
the  noise  dissipates  to  the  peripheral  portion  be- 
comes  smaller.  Accordingly,  the  noise  level  at  a 
position  such  as  a  noise-receiving  position  16  lo- 

15  cated  at  the  outside  periphery  of  the  engine  area  6 
can  be  remarkably  lowered,  whereas  heat  gen- 
erated  by  the  engine,  water  entering  the  engine 
area,  or  the  like  can  be  dissipated  or  discharged  to 
the  outside  through  the  hollow  conduit  passages 

20  13. 
Figure  6  shows  another  embodiment  according 

to  the  present  invention.  In  this  embodiment,  the 
noise  control  member  10  is  divided  into  two  por- 
tions  10A  and  10B  on  the  central  line  thereof, 

25  which  are  fitted  side  by  side  at  the  engine  area 
opening  7  by  means  of  an  appropriate  support 
frame  (not  shown)  such  that  they  are  spaced  from 
the  frame  side  members  2  and  spaced  at  a  given 
distance  from  each  other.  Thereby,  spaces  20  and 

30  21  are  defined  between  the  side  frame  members  2 
and  the  divided  portions  10A  and  10B,  and  be- 
tween  the  divided  portions  10A  and  10B  them- 
selves,  respectively,  whereby  a  part  of  the  noise  in 
the  engine  area  6  is  directly  radiated  and/or  dif- 

35  fracted  to  the  outside  of  the  engine  area. 
As  shown  in  Figures  7  and  8,  a  plurality  of 

hollow  conduit  passages  13  having  different  con- 
duit  passage  lengths  are  arranged  parallel  to  one 
another  in  each  of  the  portions  10A  and  10B  of  the 

40  noise  control  member  in  such  a  manner  that  the 
conduit  passages  extend  from  the  incident  surface 
11  to  the  radiation  surface  12  and  the  length  of  the 
conduit  passages  become  shorter  from  the  central 
porton  10a  to  the  peripheral  portion  10b  of  the 

45  engine  area  opening  7. 
In  the  engine  noise  control  device  as  shown  in 

Figure  6,  the  controlled  sound  waves  the  phases  of 
which  are  displaced  while  passing  through  the  hol- 
low  conduit  passages  13  at  the  portions  10A  and 

50  10B  of  the  noise  control  member  are  propagated 
from  the  radiation  surface  12  to  the  ground  surface 
15  as  shown  by  solid  lines  22.  On  the  other  hand, 
the  non-controlled  sound  waves  directly  radiated 
and/or  diffracted  to  the  outside  of  the  engine  area 

55  through  the  spaces  20  and  21  are  propagated  as 
shown  by  broken  lines  23.  Consequently,  interfer- 
ence  regions  are  formed  as  shown  by  lines  24. 

Figure  9  shows  a  detail  of  the  interference 
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portion  between  the  controlled  sound  waves  22 
passing  through  the  portion  10A  of  the  noise  con- 
trol  member  and  the  non-controlled  sound  waves 
23  radiated  and/or  diffracted  from  the  space  21 
between  the  frame  side  member  2  and  the  portion 
10A  of  the  noise  control  member,  and  the  inter- 
fered  waves  are  shown  by  reference  numeral  25. 

Figures  10  to  14  show  various  other  embodi- 
ments  according  to  the  present  invention  in  which  a 
convex  lens  shape  or  prism  shape  noise  control 
member  10  is  attached  to  a  side  body  4  of  the 
engine  area  6.  By  so  doing,  not  only  a  convex  lens 
shape  but  also  a  prism  shape  may  be  employed  as 
the  noise  control  member  10  attached  to  the  side 
body  4.  Figures  10  to  14  show  noise  control  mem- 
bers  10  of  various  shape  attached  to  the  inside  or 
the  outside  of  a  side  4  of  the  engine  area,  or  in  the 
case  of  Figure  14  to  two  sides  of  the  engine  area. 
As  shown  in  these  figures,  the  noise  generated 
from  the  engine  area  6  can  be  refracted  to  a 
direction  other  than  the  sound  receiving  point  as 
shown  by  the  arrow  direction  by  use  of  the  noise 
control  members  10. 

Desired  differences  in  conduit  passage  length 
can  be  obtained  even  within  a  restricted  thickness 
by  disposing  a  plurality  of  small  obstacles  in  the 
interiors  of  the  hollow  conduit  passages  13  of  the 
noise  control  member  10  and  increasing  the  num- 
ber  of  the  obstacles  from  the  peripheral  portion  to 
the  central  portion  10b. 

Figures  15-17  show  various  embodiments  in 
which  small  obstacles  are  disposed  in  the  interiors 
of  the  hollow  conduit  passages  13.  Figure  15  is  an 
embodiment  in  which  fine  particles  26  are  charged 
into  the  hollow  conduit  passages  13.  Figure  16  is 
an  embodiment  in  which  rigid  fibrous  material  28  is 
charged  into  the  hollow  conduit  passages  13.  Fig- 
ure  17  is  an  embodiment  in  which  a  porous  ma- 
terial  29  such  as  ceramic  foam  is  charged  to  form 
roundabout  space  passages  27.  By  disposing  the 
small  obstacles  in  the  hollow  passages  as  men- 
tioned  above,  the  length  of  sound-propagation 
paths  becomes  larger  in  the  case  of  a  thinner  noise 
control  member  to  increase  the  control  perfor- 
mance  of  the  low  frequency  wave. 

As  the  material  constituting  the  noise  control 
member,  any  material  including  metals  and  poly- 
mer  materials  may  be  used  as  long  as  it  has 
certain  sound  insulating  properties. 

The  invention  will  be  described  more  in  detail 
with  reference  to  the  following  example. 

Figure  18  shows  a  diagrammatic  view  of  an 
experimental  device  which  was  used  in  a  laboratory 
test  by  employing  an  engine  area  model  of  an 
automobile.  In  the  figure,  reference  numeral  30  is  a 
wood  box  corresponding  to  the  chassis  of  the  auto- 
mobile,  and  reference  numerals  31  are  sound 
source  speakers  producing  white  noise,  which  are 

attached  to  the  interior  of  a  top  wall  32  and  a  side 
wall  33.  A  convex  lens  shape  noise  control  member 
10  is  fitted  to  the  lower  end  of  the  side  wall  33.  The 
width  W  of  the  wood  box  30  was  1,000  mm,  the 

5  height  Hi  from  the  ground  surface  to  the  top  wall 
32  was  1,100  mm  and  the  height  H2  from  the 
ground  surface  to  the  lower  end  of  the  side  wall  33 
was  500  mm. 

A  sound  receiver  (microphone)  34  is  disposed 
io  at  a  position  a  horizontal  distance  S  from  the 

central  line  of  the  wood  box  30  and  a  height  h  from 
the  ground  surface,  and  the  white  noise  was  out- 
putted  from  the  speaker  31.  The  sound  pressure 
level  was  measured  by  the  microphone  34  with 

is  respect  to  cases  where  the  noise  control  member 
was  installed  or  where  no  noise  control  member 
was  installed,  and  the  noise  reduction  effects  ob- 
tained  by  the  noise  control  member  10  are  as 
shown  in  Figure  19.  In  this  figure,  A  indicates  the 

20  case  in  which  the  noise  control  member  of  the 
embodiment  shown  in  Figure  2  was  used,  and  B 
indicates  the  case  in  which  the  noise  control  mem- 
ber  of  the  embodiment  shown  in  Figure  6  was 
employed. 

25  From  the  results,  it  was  confirmed  that  a  con- 
siderably  large  noise  reduction  effect  can  be  ob- 
tained  from  a  low  frequency  to  a  high  frequency  by 
a  noise  control  member  according  to  the  present 
invention. 

30  As  mentioned  above,  the  present  invention  has 
the  effects  that  noise  radiated  to  the  outside  from 
an  engine  area  can  be  largely  reduced,  while  the 
heat  radiation  and  water  discharge  are  not  inter- 
rupted. 

35 
Claims 

1.  An  engine  noise  control  device  comprising  an 
open  portion  (7)  in  a  vehicle  engine  compart- 

40  ment  (6),  and  a  noise  control  member  (10) 
attached  to  said  open  portion  of  the  engine 
compartment  and  having  a  noise  entering  sur- 
face  (11)  and  a  noise  ejecting  surface  (12) 
while  being  provided  with  a  plurality  of  hollow 

45  conduit  passages  (13)  extending  from  the 
noise  entering  surface  to  the  noise  ejecting 
surface  of  the  noise  control  member,  the  hol- 
low  conduit  passages  having  a  noise  control- 
ling  effect,  characterized  in  that  sounds  con- 

50  trolled  by  passage  through  the  hollow  conduit 
passages  of  the  noise  control  member  and 
other  sound  radiated  and/or  diffracted  from  the 
interior  of  the  engine  compartment  induce  de- 
structive  interference. 

55 
2.  An  engine  noise  control  device  comprising  an 

open  portion  (7)  in  a  vehicle  engine  compart- 
ment  (6),  and  a  noise  control  member  (10) 

4 
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attached  to  said  open  portion  of  the  engine 
compartment  and  having  a  noise  entering  sur- 
face  (11)  and  a  noise  ejecting  surface  (12) 
while  being  provided  with  a  plurality  of  hollow 
conduit  passages  (13)  extending  from  the  5 
noise  entering  surface  to  the  noise  ejecting 
surface  of  the  noise  control  member,  the  hol- 
low  conduit  passages  having  a  noise  control- 
ling  effect,  characterized  in  that  the  noise  con- 
trol  member  is  divided  into  two  portions  (10A,  10 
10B)  and  a  space  (21)  is  formed  therebetween 
whereby  sounds  controlled  by  passage 
through  the  hollow  conduit  passages  of  the 
noise  control  member  and  other  sound  radi- 
ated  and/or  diffracted  from  the  interior  of  the  is 
engine  compartment  induce  destructive  inter- 
ference. 

3.  An  engine  noise  control  device  as  claimed  in 
Claim  1,  characterized  by  a  space  (20,  21)  20 
through  which  noise  can  directly  propagate  to 
the  outside  of  the  compartment  (6)  formed  at 
the  engine  opening  (7)  at  which  the  noise 
control  member  (10)  is  attached. 

25 
4.  An  engine  noise  control  device  as  claimed  in 

Claim  2,  characterized  in  that  a  space  (20)  is 
further  defined  between  each  of  the  two  por- 
tions  (10A,  10B)  of  the  noise  control  member 
and  frame  side  members  (2)  which  are  at-  30 
tached  to  the  opening  of  the  engine  compart- 
ment  and  support  an  engine  (1)  in  the  engine 
compartment. 

any  of  Claims  1  to  8,  characterized  in  that 
small  obstacles  are  disposed  in  the  interiors  of 
the  conduit  passages. 

10.  An  engine  noise  control  device  as  claimed  in 
Claim  9,  characterized  in  that  the  small  ob- 
stacles  are  made  of  fine  particles  (26),  rigid 
fibrous  material  (28),  or  porous  material  (29). 

11.  An  engine  noise  control  device  as  claimed  in 
Claim  9  or  10,  characterized  in  that  the  number 
of  the  obstacles  is  increased  from  the  periph- 
eral  portion  to  the  central  portion. 

12.  An  engine  noise  control  device  as  claimed  in 
Claim  9  or  10,  characterized  in  that  the  ob- 
stacles  are  adapted  to  enhance  the  control 
performance  of  low  frequency  wave  lengths. 

5.  An  engine  noise  control  device  as  claimed  in  35 
Claim  2  or  4,  characterized  in  that  the  conduit 
passages  are  obliquely  arranged  in  parallel  in 
a  lattice  fashion  in  each  of  the  said  two  por- 
tions  (10A,  10B). 

40 
6.  An  engine  noise  control  device  as  claimed  in 

any  of  Claims  1  to  5,  characterized  in  that  the 
noise  control  member  is  positioned  at  the  bot- 
tom  of  the  engine  compartment,  so  that  the 
sound  is  directed  to  the  central  portion  under  45 
the  chassis. 

7.  An  engine  noise  control  device  as  claimed  in 
any  of  Claims  1  to  6,  characterized  in  that  the 
noise  control  member  is  designed  in  a  half  50 
cylindrical  convex  lens  shape. 

8.  An  engine  noise  control  device  as  claimed  in 
any  of  Claims  1  to  6,  characterized  in  that  the 
noise  control  member  is  designed  in  a  semi-  55 
spherical  shape. 

9.  An  engine  noise  control  device  as  claimed  in 

5 
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