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(S)  Vented  enclosure  loudspeakers. 

(57)  A  loudspeaker  assembly  comprises  a  cabinet 
having  top,  bottom  and  side  walls,  a  rear  wall 
and  a  front  baffle.  A  tweeter  (10)  and  woofer  (12) 
are  mounted  on  the  front  baffle  and  connected 
to  a  crossover  and  filter  unit.  A  flared  vent  pipe 
(64)  is  mounted  in  a  port  (62)  in  the  rear  wall 
extending  into  the  cabinet.  The  vent  pipe  is 
coaxial  with  the  tweeter  and  spaced  from  the 
tweeter  such  that  the  air  gap  (68)  between  the 
pipe  and  tweeter  behaves  as  if  it  were  a  part  of 
the  vent  pipe,  increasing  the  acoustic  length  of 
the  pipe,  improving  the  low-frequency  response 
of  the  assembly  and  reducing  port  noise. 
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This  invention  relates  to  loudspeakers  and  in  par- 
ticular  to  vented  enclosure  loudspeakers  having  a 
vent  pipe. 

Vented  enclosure  loudspeakers  are  well  known. 
It  is  fundamental  to  baffle  loudspeakers  to  prevent 
sound  energy  radiating  from  the  rear  of  the  loud- 
speaker  to  interfere  destructively  with  the  sound  en- 
ergy  radiating  from  the  front  of  the  loudspeaker,  par- 
ticularly  at  lower  frequencies.  The  baffle  also  pro- 
vides  a  passive  radiating  surface  in  addition  to  the 
loudspeaker.  Many  loudspeakers  are  mounted  in 
completely  closed  enclosures  which  attempt  to  pro- 
vide  an  infinite  baffle  and  provide  a  finite  air  volume 
behind  the  loudspeaker.  Vented  enclosure  loud- 
speakers  known  as  Bass-reflex  or  Helmholtz  resona- 
tors  include  a  port  in  the  enclosure.  The  size  and 
spacing  port  is  chosen,  in  combination  with  the  size 
of  the  enclosure  and  the  resonance  of  the  loudspeak- 
er  to  delay  the  rear  wave-front  from  the  loudspeaker 
so  that  it  interferes  constructively  with  the  forward 
wave-front,  broadening  and  reinforcing  the  low-fre- 
quency  response. 

It  is  also  well  known  to  use  a  vent  pipe  rather  than 
a  simple  vent  aperture  to  increase  low-frequency  re- 
sponse.  The  vent  pipe,  which  extends  into  the  enclo- 
sure,  acts  as  an  inductor,  having  a  considerably  great- 
er  inductance  than  a  vent  opening  of  the  same  diam- 
eter.  This  enables  the  volume  of  the  enclosure,  or  cab- 
inet  to  be  reduced  whilst  maintaining  the  low-frequen- 
cy  response. 

Reduction  in  cabinet  size  is  of  particular  impor- 
tance  to  the  Hi-fi  industry  as  loudspeaker  cabinets 
with  good  low-frequency  responses  are  large  items. 
As  most  loudspeakers  are  used  in  the  domestic  en- 
vironment,  cabinet  size  is  often  an  important  consid- 
eration  when  purchasing  loudspeakers. 

There  exists,  therefore,  a  need  to  produce  a  loud- 
speaker  which  has  a  small  cabinet  but  which  does  not 
sacrifice  low-frequency  response. 

We  have  appreciated  that  under  some  circum- 
stances  a  vent  pipe  behaves  as  if  it  is  longer  than  its 
actual  physical  length.  The  invention  resides  in  this 
realisation  and  its  incorporation  into  a  loudspeaker. 

More  specifically,  the  invention  is  defined  in  the 
independent  claim  to  which  reference  should  be 
made. 

A  loudspeaker  embodying  the  invention  has  the 
advantage  that  a  low-frequency  response  may  be  ob- 
tained  for  a  given  cabinet  size  that  hitherto  was  only 
obtainable  from  a  larger  cabinet  size. 

Preferred  and  advantageous  features  of  the  in- 
vention  are  set  out  in  the  dependent  claims. 

Asecond  aspect  of  the  invention  provides  a  mesh 
grille  for  a  high  frequency  loudspeaker,  or  tweeter. 
We  have  appreciated  that  such  a  grille  performs  the 
physical  function  of  protecting  the  tweeter,  and  the 
acoustical  function  of  diffusing  the  high  frequency 
sound  to  achieve  an  improved  acoustic  distribution. 

A  preferred  embodiment  of  the  invention  will  now 
be  described,  with  reference  to  the  accompanying 
drawings,  in  which: 

Figure  1  is  a  sectional  view  of  a  loudspeaker  em- 
5  bodying  the  invention; 

Figure  2  is  a  sectional  view  of  the  baffle  assembly 
and  cabinet  of  figure  1; 
Figure  3  is  a  sectional  view  of  the  rear  panel  of  fig- 
ure  1  with  the  vent  pipe  in  position; 

10  Figure  4  is  a  front  view  of  the  outer  face  of  the  rear 
panel; 
Figure  5  is  a  front  view  of  the  front  baffle; 
Figure  6  is  a  front  view  of  a  first  tweeter  grille; 
Figure  6a  is  a  front  view  of  a  second  preferred 

15  tweeter  grille; 
Figure  7  shows  the  connectors  on  the  rear  panel 
of  figure  4;  and 
Figure  8a  and  8b  are,  respectively  high  frequency 
and  low  frequency  crossover  unit  circuit  dia- 

20  grams. 
The  loudspeaker  assembly  of  figure  1  is  a  Helm- 

holtz  base-reflex  resonator  comprising  a  high  fre- 
quency  loudspeaker  or  tweeter  1  0  and  a  low  frequen- 
cy  loudspeaker  or  woofer  12. 

25  The  tweeter  and  woofer  may  be  standard  com- 
mercially  available  units  such  as  DYNAUDIO  Types 
260  and  15W75-08  manufactured  by  Dynaudio  A/S  of 
Denmark.  The  tweeter  10  and  woofer  12  are  mounted 
on  a  front  baffle  14  shown  more  clearly  in  figure  5. 

30  The  tweeter  is  protected  by  a  grille  16  which,  as  can 
be  seen  from  figure  6  has  a  solid  annular  outer  sec- 
tion  15  and  a  foraminous  dome-shaped  central  por- 
tion  17.  Asecond,  preferred  tweeter  grille  is  shown  in 
figure  6a.  The  edges  of  the  holes  of  the  central  por- 

35  tion  are  rounded.  The  grille  16  protects  the  tweeter 
from  accidental  damage  and  acts  to  diffuse  the  high 
frequency  sounds  from  the  tweeter.  As  the  ratio  of 
wavelength  of  radiated  sound  to  tweeter  diameter  is 
low  compared  to  low-frequency  sounds  produced  by 

40  the  woofer  1  2,  the  tweeter  tends  to  produce  a  very  di- 
rectional  radiation  pattern.  The  grille  16  acts  to  pro- 
duce  a  more  diffuse  sound  pattern. 

The  edges  18  of  the  front  baffle  14  are  rounded 
to  reduce  diffraction  effects  which  can  be  caused  by 

45  sharp  edges.  Although  the  top  and  bottom  edges  are 
only  visible  in  the  figures,  the  side  edges  are  similarly 
rounded. 

The  tweeter  10  and  woofer  12  are  each  connect- 
ed  by  a  pair  of  wires  20,22  to  a  crossover  and  filter  unit 

so  24.  The  high  frequency  unit  of  the  crossover  and  filter 
is  illustrated  in  figure  9  and  comprises  positive  and 
negative  input  terminals  26,28  and  output  terminals 
30,32  to  the  tweeter  1  0.  First,  second  and  third  capac- 
itances  Cl  C2  and  C3  are  arranged  in  series  on  the 

55  positive  line.  Typical  capacitances  are  2.2pf  ;  C2  : 
8.2|if  and  C3  2.2  ̂ f.  An  inductor  l̂   is  arranged  be- 
tween  the  positive  and  negative  lines  and  has  a  typ- 
ical  inductance  l̂   =  250|iH.  A  first  resistance  = 

2 
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10.Q  is  arranged  in  parallel  with  capacitor  C3  and  a 
second  resistance  R2  =  1  0Q  is  arranged  at  the  output 
of  RilC3  across  the  positive  and  negative  lines.  The 
value  of  R2  depends  on  the  balance  between  the  woo- 
fer  and  tweeter  and  is  typically  between  8Q  and  1  8Q. 

The  low  frequency  unit  comprises  a  second  in- 
ductor  L2  arranged  in  parallel  with  a  third  resistor  R3 
between  input  34  and  output  36  on  the  positive  line. 
Inductor  L2  has  a  typical  inductance  of  2.7mH  and  re- 
sistor  R3  a  resistance  of  1  2Q.  A  capacitor  C3  of  2.2pf 
is  arranged  across  the  outputs  to  the  woofer  12.  The 
crossover  and  filter  units  are  conventional  and  do  not 
form  a  part  of  the  invention.  The  input  terminals  from 
two  units  are  arranged  on  the  outside  of  the  rear  pan- 
el  40  of  the  cabinet  with  shorting  links  42  connecting 
positive  to  positive  and  negative  to  negative. 

Inside  the  cabinet,  the  top  43,  sides,  not  shown, 
and  bottom  44  are  lined  with  three  layers  of  sound 
deadening  pads  46.  A  layer  of  acoustic  foam  48  is  ar- 
ranged  inside  the  sound  deadening  pad  layer  and  a 
second  layer  of  sculptured  foam  50  is  arranged  be- 
tween  the  woofer  12  and  tweeter  10  to  define  two 
cavities  52,  54  best  seen  from  figure  2. 

The  rear  panel  40  has  two  layers  of  sound  dead- 
ening  pads  58  on  its  inside  surface  and  is  mounted  on 
a  rear  frame  assembly  60  which  is  glued  in  place  in 
the  cabinet  walls  as  seen  most  clearly  from  figure  2. 
The  rear  panel  includes  a  port  62  which  is  a  circular 
opening  of  diameter  approximately  60mm.  A  flared 
vent  pipe  64  is  mounted  in  the  port  extends  inwards 
as  shown.  The  vent  pipe  is  a  generally  cylindrical  tube 
which  flares  at  its  outer  end  and  has  a  series  of  fins 
66  on  its  outer  surface  at  its  outer  end.  When  in  pos- 
ition  the  gaps  between  the  fins  are  filled  with  a  suit- 
able  inert  filter  such  as  ISOPON  P38. 

The  vent  pipe  is  itself  known  and  available 
through  Dynaudio  A/S  as  part  no:  ARG  255019.  The 
vent  pipe  which  is  tapered  along  its  length  and  flared 
at  the  outer  end  has  a  typical  length  of  145  mm  and 
diameter  of  60  mm.  The  cabinet  illustrated  has  exter- 
nal  dimensions  of  approximately  300  X  200  X  180 
mm,  considerably  smaller  than  that  for  which  the  vent 
pipe  is  intended. 

The  arrangement  of  the  vent  pipe  is  crucial  to  the 
performance  of  the  loudspeaker  assembly.  The  pipe 
acts  as  an  'inductor'  to  tune  in  resonance  with 
the  'capacitance'  of  air  within  the  cabinet,  driven  by 
the  woofer  diaphragm.  The  acoustical  length  of  the 
pipe  is  normally  taken  to  be  the  actual  pipe  length, 
plus  a  correction  at  each  end  proportional  to  the  ra- 
dius  of  the  pipe. 

Normally,  toventacabinetofthissizetoalowfre- 
quency,  it  would  be  expected  to  use  a  long,  or  a  nar- 
row  pipe,  in  order  to  achieve  a  high  inductance  to  res- 
onate  with  the  low  cabinet  capacitance.  This  pipe 
would  have  a  high  resistance  to  airflow,  and  would  be 
prone  to  audible  turbulent  effects  at  high  powers.  This 
embodiment  uses  a  large  diameter  vent  for  the  cabi- 

net  size,  but  generates  less  of  these  undesirable  ef- 
fects. 

As  can  be  seen  from  Figure  1,  the  vent  pipe  64 
is  coaxial  with  the  tweeter  1  0  and  arranged  relative  to 

5  the  tweeter  such  that  the  air  between  the  tweeter  and 
the  end  of  the  pipe  is  coupled  to  the  pipe.  This  has  the 
effect  of  causing  the  pipe  to  behave  acoustically  as  if 
it  were  a  pipe  of  greater  length. 

The  increase  in  effective  length  in  the  pipe  is  due 
10  to  aerodynamic  effects  between  the  pipe  and  the 

tweeter  body.  Repositioning  the  pipe  away  from  or 
out  of  alignment  with  the  tweeter  does  not  result  in  the 
extra  effective  port  length.  The  relative  spacings  of 
the  vent  pipe  and  the  rear  of  the  tweeter  body  are 

15  such  that  the  airflow  to  and  from  the  end  of  the  pipe 
is  linearised  as  it  passes  the  tweeter.  In  the  embodi- 
ment  shown,  the  volume  of  air  between  the  tweeter 
and  the  physical  end  of  the  pipe  is  approximately  the 
same  as  the  normal  end  correction  volume  which 

20  would  be  made.  The  end-correction  to  be  added  to  the 
actual  pipe  length  is  extended  to  include  not  only  a 
portion  of  the  volume  of  air  around  the  end  of  the  vent 
as  is  common  practice,  but  also  a  portion  of  the  vol- 
ume  of  air  around  the  rear  of  the  tweeter  body.  By  this 

25  means,  the  end  correction  to  be  added  to  the  inner 
end  of  the  vent  is  in  the  order  of  twice  that  which 
would  otherwise  be  added. 

A  natural  effect  of  the  linearising  of  airflow  is  a 
further  reduction  of  turbulent  noise  around  the  inner 

30  end  of  the  vent. 
It  will  be  appreciated  that  the  dimensions  and 

spacings  are  empirical.  However,  the  given  tweeter 
and  vent  pipe  may  be  arranged  such  that  the  pipe  has 
an  effective  length  greater  than  its  physical  length 

35  and  the  low  frequency  response  of  the  assembly  is 
enhanced  without  the  detrimental  effects  of  in- 
creased  turbulent  noise. 

A  long  pipe  within  a  vented  cabinet  may  also  be 
expected  to  suffer  from  'organ  pipe  resonances'  or 

40  standing  waves  within  the  length  of  the  pipe.  The 
sculptured  acoustic  foam  50  is  arranged  within  the 
cabinet  such  that  frequencies  which  may  excite  these 
modes  are  damped  before  they  reach  the  vent.  The 
thickness  and  density  of  the  foam  are  such  that  the 

45  low  Helmholtz  frequencies  are  unaffected. 

Claims 

so  1.  A  loudspeaker  assembly  comprising  a  tweeter 
and  a  woofer  mounted  in  a  vented  cabinet,  and  a 
vent  pipe  extending  from  a  port  in  the  cabinet  into 
the  cabinet,  the  vent  pipe  being  arranged  with  re- 
spect  to  the  rear  of  the  tweeter  such  that  the  ef- 

55  fective  acoustical  length  of  the  vent  pipe  is  great- 
er  than  its  physical  length. 

2.  A  loudspeaker  assembly  according  to  claim  1, 
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wherein  the  vent  pipe  is  aligned  with  the  tweeter. 

3.  A  loudspeaker  assembly  according  to  claim  2, 
wherein  the  vent  pipe  is  coaxial  with  the  tweeter. 

5 
4.  A  loudspeaker  assembly  according  to  claim  1  ,  2 

or  3,  wherein  the  distance  between  the  innermost 
end  of  the  vent  pipe  and  the  rear  of  the  tweeter 
is  a  fraction  of  the  diameter  of  the  vent  pipe. 

10 
5.  A  loudspeaker  assembly  according  to  any  of 

claims  1  to  4,  wherein  the  cross-sectional  area  of 
the  innermost  end  of  the  vent  pipe  is  approxi- 
mately  half  the  cross-sectional  area  of  the  rear  of 
the  tweeter.  15 

6.  A  loudspeaker  assembly  according  to  any  pre- 
ceding  claim,  wherein  the  port  is  in  the  rear  face 
of  the  cabinet  opposite  the  tweeter. 

20 
7.  A  loudspeaker  assembly  according  to  any  pre- 

ceding  claim,  comprising  a  foraminous  grille  ar- 
ranged  over  the  front  of  the  tweeter. 

8.  A  loudspeaker  assembly  according  to  claim  6,  25 
wherein  the  grille  comprises  a  solid  outer  annulus 
and  a  domed  foraminous  central  portion. 

9.  A  loudspeaker  assembly  according  to  any  pre- 
ceding  claim,  wherein  acoustic  foam  is  arranged  30 
in  the  cabinet  to  reduce  standing  waves  within  the 
vent  pipe. 

35 
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