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Description 

The  invention  relates  to  an  electrodynamic  transducer  comprising  a  diaphragm,  a  magnet  system  and  a  voice-coil  device 
which  is  coupled  to  the  diaphragm  and  which  is  situated  in  an  air  gap  formed  by  the  magnet  system,  the  diaphragm  com- 

5  prising  a  central  part  and  a  surrounding  peripheral  part,  the  surface  area  of  the  peripheral  part  being  larger  than  that  of  the  r  central  part,  the  central  part  having  a  higher  stiffness  than  the  peripheral  part  and  the  voice-coil  device  being  coupled  to 
the  central  part.  Such  a  transducer  is  disclosed  in  German  Patent  Specification  DE-3  123  098.  A  characteristic  feature  of 
the  peripheral  part  of  the  diaphragm  in  this  known  transducer  is  that  it  exhibits  practically  no  mechanical  pretension,  so  ^ that  the  vibration  behaviour  of  this  peripheral  part  is  mainly  determined  by  the  resistance  to  bending  and  the  visco-elastic  ^  

10  and  damping  properties  of  the  material  of  which  this  peripheral  part  is  made. 
The  known  transducer  has  the  disadvantage  that  the  acoustic  signal  produced  by  the  transducer  contains  a  sub- 

stantial  distortion  component.  It  is  the  object  of  the  invention  to  provide  a  transducer  with  a  substantially  lower  distortion. 
To  this  end  the  electrodynamic  transducer  in  accordance  with  the  invention  is  characterized  in  that  the  peripheral  part  has 
substantially  no  resistance  to  bending  in  a  direction  perpendicular  to  its  inner  circumference,  in  that  the  diaphragm  coope- 15  rates  with  a  substantially  enclosed  volume,  the  enclosed  volume  being  selected  in  such  a  way  that 

fo  S2 
—  %  0.75  —  , 
fo1  Si 

20 
where  Si  and  S2  are  the  surface  areas  of  the  central  part  and  the  peripheral  part  respectively,  fo  is  the  anti-resonance  fre- 
quency,  i.e.  that  frequency  in  the  frequency  characteristic  of  the  input  impedance  of  the  transducer  which  corresponds  to 
a  local  minimum  situated  between  two  maxima  in  said  characteristic  which  correspond  to  those  two  resonance  frequen- 
cies  for  which  the  central  part  and  the  peripheral  part  vibrate  in  phase  and  in  phase  position  with  one  another,  and  fo1  is 

25  said  anti-resonance  frequency  for  the  transducer  without  the  enclosed  volume  and  incorporated  in  a  baffle,  and  further 
that 

S2 
—  *2  

30  Si 

Preferably,  the  peripheral  part  is  mechanically  pretensioned,  of  the  peripheral  part  is  provided  with  corrugations  which  ex- 
tend  substantially  parallel  to  the  inner  and  outer  circumference  of  the  peripheral  part. 

The  invention  is  based  on  the  recognition  of  the  fact  that  the  high  distortion  in  the  known  transducer  is  caused  by  a  po- 35  or  dynamic  centring  of  the  voice-coil  in  the  air  gap  of  the  magnet  system.  This  poor  centring  results  from  the  fact  that  the 
peripheral  part  is  (practically)  not  mechanically  pretensioned.  Moreover,  the  frequency  characteristic  of  the  known  trans- 
ducer  exhibits  a  number  of  undesired  peaks  and  dips  which  also  give  rise  to  a  high  distortion. 

When,  in  accordance  with  the  invention,  the  peripheral  part  is  mechanically  pretensioned  or  provided  with  corrugations 
which  extend  parallel  to  the  circumference,  and  in  addition  an  enclosed  volume  is  provided  behind  the  diaphragm,  the 

40  centring  of  the  voice-coil  (former)  in  the  air  gap  is  improved.  Moreover,  as  the  peripheral  part  has  (substantially)  no  resi- 
stance  to  bending,  the  vibration  behaviour  of  the  transducer  is  now  mainly  determined  by  the  mechanical  pretension  in  the 
peripheral  part  (or  course  in  conjunction  with  the  mass  of  the  diaphragm  and  the  voicecoil).  If,  in  addition,  the  enclosed  vo- 
lume  behind  the  diaphragm  and  the  ratio  S2/S1  are  selected  in  such  a  way  that  the  above  formule  is  satisfied,  it  is  achie- 
ved  that  relative  to  fo'  the  frequency  fo  is  shifted  so  far  towards  higher  frequencies  that  a  large  number  of  undesired  peaks 

45  and  dips  will  be  situated  at  frequencies  below  the  frequency  fo.  Since  the  frequency  fo  substantially  corresponds  to  the  lo- 
wer  limit  of  the  operating  frequency  range  of  the  transducer,  these  peaks  and  dips  are  now  situated  outside  the  operating 
frequency  range  of  the  transducer  in  accordance  with  the  invention,  so  that  the  distortion  is  also  reduced  drastically. 

For  a  satisfactory  effect  S2/S1  should  be  selected  to  be  larger  than  or  equal  to  two.  The  frequency  fo  is  then  situated 
sufficiently  far  above  fo'.  Suitably,  the  surface  areas  Si  and  S2  are  selected  so  as  to  satisfy. 

50 
S2 

2.5*—  *15. 
Si 

55  The  upper  limit  for  S2/S1  is  necessary  in  order  to  enable  a  satisfactory  centring  of  the  voice-coil  device  in  the  air  gap  to  be 
guaranteed. 

In  this  way  a  transducer  can  be  realised  in  which  the  enclosed  volume  can  be  very  shallow,  so  that  a  very  flat  transdu-  t 
cer  is  obtained. 

With  respect  to  the  enclosed  volume  it  is  to  be  noted  that,  if  necessary,  a  vent  hole  may  be  formed  to  compensate  for 
60  variations  in  atmospheric  pressure.  For  the  dynamic  behaviour  of  the  transducer  ths  volume  may  then  still  be  regarded  as 

an  enclosed  volume. 
If,  moreover,  care  is  taken  that  the  ratio  is  m2/nm  is  selected  so  as  to  satisfy 

65 
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S2  f0  i  S2  fo 
.  I  2  •  •  • 

^Si  «£  m2  L  S1  f°!' 

/N2  ^ 2   mi  2  _ 2  
to  S2  'fo;  'S2' 

■—+1/2—  -1  —  ■  +  1/2  '  —  ;  -1 
;fo'.  Si,"  [foi  .Si 

■  10 

where  mi  Is  the  combined  mass  of  the  central  part  and  the  voice-coil  device,  and  m2  is  the  mass  of  the  peripheral  part,  a 
transducer  is  obtained  in  which  the  peripheral  part  behaves  as  a  passive  radiator  at  low  frequencies  (i.e.  the  low-fre- 
quency  part  of  the  frequency  range  of  the  transducer),  so  that  the  peripheral  part  provides  a  controlled  contribution  to  the 

15  sound  radiation,  thereby  yielding  the  advantages  of  a  system  comprising  a  passive  radiator.  The  contribution  of  the  peri- 
pheral  part  to  the  sound  radiation  decreases  for  higher  frequencies,  so  that  ultimately  only  the  central  part  effectively  con- 
tributes  to  the  sound  radiation. 

Peaks  as  a  result  of  higher-order  modes  in  the  peripheral  part  can  be  suppressed  effectively  by  selecting  the  mechani- 
cal  damping  of  the  peripheral  part  in  such  a  way  that  the  mechanical  quality  factor  of  the  material  of  the  peripheral  part  is 

20  sufficiently  low.  The  degree  of  damping  of  the  peripheral  part  is  apparent  from  the  number  of  peaks  in  the  frequency  cha- 
racteristic  of  the  electrical  input  impedance  of  the  transducer.  If  this  characteristic  comprises  two  peaks  corresponding  to 
the  resonances  for  which  the  central  part  and  the  peripheral  part  move  in  phase  and  in  phase  opposition  relative  to  one 
another,  the  damping  is  correct.  If  the  frequency  characteristic  exhibits  more  peaks,  the  damping  is  too  low  and,  conse- 
quently,  the  quality  factor  too  high.  If  the  frequency  characteristic  has  less  than  two  peaks  the  damping  is  too  high  and  the 

25  quality  factor  is  consequently  too  low. 
The  desired  degree  of  damping  of  the  peripheral  part  can  be  obtained  when  the  peripheral  part  comprises  a  layer  of  a 

damping  material.  For  example,  a  class-2  ball-bearing  grease  may  be  deposited  between  two  layers  forming  the  periphe- 
ral  part. 

In  order  to  satisfy  the  formula  for  m2/mi  it  may  sometimes  be  necessary  to  increase  or  reduce  the  mass  m2  of  the  peri- 
30  pheral  part.  This  may  be  achieved  by  mixing  the  ball-bearing  grease  with  a  material  having  a  higher  and  a  lower  density 

respectively.  It  is,  for  example,  possible  to  add  copper  powder  (in  order  to  make  the  peripheral  part  heavier)  are  hollow 
glass  particles  or  granules  of  a  plastics  foam  (in  order  to  reduce  the  weight  of  the  peripheral  part).  It  is  also  possible  to  in- 
crease  or  reduce  the  weight  of  the  central  part,  as  desired.  Reducing  the  weight  of  the  central  part  can  be  achieved,  for 
example,  by  giving  a  portion  of  the  central  part  situated  within  the  voice-coil  or  in  line  therewith  a  dome  shape.  A  curved 

35  surface  namely  has  a  higher  stiffness  than  a  non-curved  surface.  Therefore,  the  thickness  of  the  dome-shaped  portion 
may  be  reduced.  As  a  result  of  this,  the  weight  of  the  central  part  is  reduced.  Moreover,  it  is  possible  to  vary  the  voice-coil 
diameters  substantially  by  sealing  the  voice-coils  by  means  of  a  dome-shaped  cap. 

Another  possibility  is  to  couple  the  voice-coil  device  to  the  central  part  via  an  auxiliary  cone.  This  also  enables  the 
weight  of  the  central  part  to  be  reduced,  namely  in  the  case  that  the  central  part  has  a  hole  of  the  size  of  the  outer  circum- 

40  ference  of  the  auxiliary  cone  and  this  auxiliary  cone  is  coupled  to  the  central  part  at  its  outer  circumference  along  the  cir- 
cumference  of  the  hole.  In  this  case  the  auxiliary  cone  in  fact  also  belongs  to  the  central  part.  When,  in  embodiments  in 
which  the  central  part  (partly  or  wholly)  is  dome-shaped  or  conical,  the  magnitude  of  the  surface  area  Si  of  the  central  part 
is  determined,  allowance  is  to  be  made  for  the  fact  that  Si  denotes  the  magnitude  of  the  surface  area  of  the  projection  of 
the  central  part  on  a  plane  surface  perpendicular  to  the  axis  of  the  voice-coil  device.  Obviously,  the  same  applies  to  Sz  if 

45  the  peripheral  part  is  not  flat. 
The  invention  will  now  be  described  in  more  detail,  by  way  of  example,  with  reference  to  the  drawings  in  which  identi- 

cal  parts  bear  the  same  reference  numerals. 

In  the  drawings 
50 

Fig.  1  is  a  perspective  view  of  the  transducer, 
Fig.  2  is  a  sectional  view  of  the  transducer  of  Fig.  1  , 
Figs.  3a  and  3b  represent  vibration  modes  of  the  diaphragm  for  which  the  central  part  and  the  peripheral  part  move  in 
phase  and  in  phase  opposition  with  respect  to  each  other  respectively, 

55  Fig.  4a  shows  a  frequency  characteristic  of  the  sound  pressure  of  the  transducer  of  Fig.  1  and  Fig.  4b  shows  a  fre- 
quency  characteristic  of  the  input  impedance  of  the  transducer  of  Fig.  1  , 
Figs.  5a  and  5b  are  characteristics  representing  the  frequency  response  versus  the  sound  pressure  and  the  input  im- 
pedance  of  the  transducer  of  Fig.  1  respectively,  without  the  enclosed  volume  behind  the  diaphragm  and  with  the 
transducer  incorporated  in  a  baffle, 

€0  Fig.  6  shows  a  part  of  the  transducer  of  Fig.  1  ,  with  a  modified  peripheral  part, 
Fig.  7  shows  a  diaphragm  in  another  embodiment  of  the  invention, 
Fig.  8  shows  yet  another  diaphragm,  and 
Fig.  9  shows  still  another  diaphragm. 

65  Fig.  1  is  a  perspective  view  showing  a  transducer  1  comprising  a  diaphragm  which  comprises  a  central  part  2  surrounded 
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by  a  peripheral  part  3.  The  diaphragm  has  a  rectangular  shape  but  may  alternatively  have  a  different  shape,  for  example 
oval  or  circular.  Along  its  outer  circumference  the  diaphragm  is  secured  to  the  chassis  4  of  the  transducer.  The  chassis  4, 
the  diaphragm  2  and  the  rear  5  bound  an  enclosed  volume  6.  This  volume  6  is  illustrated  in  Fig.  2  which  is  a  vertical  sec- 
tional  view  of  the  transducer  of  Fig.  1  .  The  rear  5  may  be  an  enclosure  in  which  the  transducer  is  mounted  or  may  compri- 
se  the  magnet  system  7  of  the  transducer  1  together  with  the  part  designated  5,  which  then  forms  part  of  the  chassis.  The 
said  magnet  system  7  is  of  a  conventional  construction  and  requires  no  further  explanation.  The  voice-coil  9  is  arranged  in 
the  air  gap  8  formed  by  the  magnet  system  7  and  is  coupled  to  the  central  part  2  via  the  voice-coil  former  10. 

The  central  part  2  has  a  higher  stiffness  than  the  peripheral  part  3.  The  central  part  may  be  made  of  a  hard  plastics, 
for  example  a  polymethacryl  imide  foam.  The  peripheral  part  3  is  mechanically  pretensioned  and  has  substantially  no  resi- 
stance  to  bending.  The  peripheral  part  3  may  be  made  of,  for  example,  a  thin  plastics  foil,  for  example  Kapton  (Trade  Na- 
me)  and,  if  desired,  it  may  be  coated  with  a  damping  layer  1  1  .  However,  this  damping  layer  should  not  contribute  to  the 
resistance  to  bending  of  the  peripheral  part  3.  The  surface  area  Si  of  the  central  part  2  and  the  surface  area  S2  of  the  pe- 
ripheral  part  3  comply  with  the  following  relationship 

10 

S2 
—  *2  
Si 

but  preferably 

S2 
2.5*—  *15 

Si 

15 
(D 

20 

(2) 

Further,  the  enclosed  volume  6  should  be  selected  in  such  a  way  that  the  ratio  S2/S1  and  the  ratio  fo/fo1,  satisfy  the  follow- 
ing  relationship: 

25 

fo  S2 
—  *  0.75  •  — 
fo1  Si 

(3) 
30 

where  fo  is  the  anti-resonance  frequency,  being  that  frequency  in  the  frequency  characteristic  of  the  electrical  input  imped- 
ance  Zi  of  the  transducer  of  Figs.  1  and  2  which  corresponds  to  the  local  minimum  situated  between  those  two  maxima  in 
this  characteristic  which  correspond  to  the  two  resonant  frequencies  for  which  the  central  part  and  the  peripheral  part  vi- 
brate  in  phase  and  in  anti-phase  respectively.  The  two  vibration  modes  corresponding  to  these  resonance  frequencies  are 
represented  in  Figs.  3a  and  3b.  Fig.  3a  shows-  the  vibration  mode  for  which  the  central  part  2  and  the  peripheral  part  3 
move  in  phase  with  one  another.  The  broken  lines  upOs  illustrate  the  maximum  excursion  of  the  diaphragm  in  one  direc- 
tion,  the  positive  direction,  and  the  broken  lines  uneg  represent  the  maximum  excursion  of  the  diaphragm  in  the  other  or 
negative  direction.  It  is  evident  from  Fig.  3a  that  the  central  part  2  and  the  peripheral  part  3  move  in  phase  with  one  anot- 
her.  Fig.  3b  illustrates  the  vibration  mode  in  which  the  central  part  2  and  the  peripheral  part  3  move  in  phase  opposition 
with  each  other.  This  can  be  seen  in  that,  if  the  central  part  2  has  an  excursion  in  the  one  or  positive  direction,  the  peri- 
pheral  part  3  mainly  deflects  in  the  other  or  negative  direction,  and  vice  versa.  A  movement  in  phase  opposition  to  each 
other  means  that  the  two  parts  of  the  diaphragm  are  1  80°  out  of  phase  relative  to  each  other.  For  example,  for  the  anti-re- 
sonance  frequency  fo  the  two  parts  of  the  diaphragm  are  90°  out  of  phase  with  each  other.  In  formula  (3)  fo1  is  also  an  anti- 
resonance  frequency,  which  is  defined  in  the  same  way  as  fo  but  now  for  the  transducer  of  Figs.  1  and  2  incorporated  in  a 
baffle  and  without  the  transducer  having  an  enclosed  volume  behind  the  diaphragm  2,  3. 

The  effect  of  the  magnitude  of  the  enclosed  volume  6  on  the  behaviour  of  fo/fo1  will  be  explained  with  reference  to  Figs. 
4  and  5. 

A  further  requirement  imposed  on  the  transducer  in  Figs.  1  and  2  is  that  the  ratio  rri2/mi  of  the  mass  mi  of  the  central 
part  2  plus  the  voice-coil  device  9,  1  0  and  the  mass  m2  of  the  peripheral  part  3  should  satisfy  the  equation 

35 

40 

45 

50 

S2  f0  '  !  S2  f2  I 
—  —  j  |2 -   —  —I 

^Si  fo-y  m2  !̂   Si  fo-  j  
s  —  s 

 ̂ -2  r  -̂ 2  mi   ̂ X2  ,  N2 
fo  ;  ■  s2  j  \  f0  s2 
—  :  +1/2'—  |  -1  j—  +1/2  —  -1 
fo-'  jSi  j  •  fo-  , S i J  

55 

(4) 

60 

65  The  damping  should  also  meet  specific  requirements.  Preferably,  the  electrical  damping  should  be  selected  in  such  a  way 
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that  the  electrical  quality  factor  Qe  at  fo  complies  with 

0.5  s  Qe  *  1 
(5) 

5  where  Qe  can  be  derived  from 

nrn  2  jrfo  R3 
Qe=  —   -   (6) 

B2I2 
10 

where  Re  is  the  d.c.  resistance  of  the  voice-coil  9  and  Bl  is  the  Bl  product  of  the  magnet  system  7. 
Formula  (5)  represents  a  general  requirement  imposed  on  electro-acoustic  transducers. 
The  mechanical  damping  of  the  peripheral  part  3  should  be  selected  in  such  a  way  that  the  frequency  characteristic 

representing  the  frequency  response  versus  the  electrical  input  impedance  Z\  of  the  transducer  of  Figs.  1  ,  2  in  principle 
15  exhibits  only  two  maxima  which  correspond  to  those  two  resonances  for  which  the  central  part  2  and  the  peripheral  part  3 

move  in  phase  and  in  phase  opposition  respectively,  as  explained  with  reference  to  Fig.  3.  For  this  also  see  the  frequency 
characteristic  of  Fig.  4b,  which  will  be  described  hereinafter  and  has  two  maxima  at  the  frequencies  fi  and  I2. 

If  the  damping  of  the  peripheral  part  3  is  too  low  the  frequency  characteristic  will  exhibit  more  resonance  peaks  corre- 
sponding  to  higher-order  vibration  modes  of  the  peripheral  part  3,  which  is  undesirable  because  these  higher-order  vibra- 

20  tion  modes  give  rise  to  a  certain  degree  of  distortion.  Excessive  damping  will  result  in  a  substantial  loss  of  efficiency, 
which  is  equally  undesirable.  In  the  case  of  such  an  excessive  damping  the  two  peaks  corresponding  to  said  two  principal 
modes  for  which  the  two  parts  of  the  diaphragm  vibrate  in  phase  and  in  phase-opposition  will  become  very  broad  and  it 
will  no  longer  be  possible  to  distinguish  one  peak  or  both  peaks. 

The  desired  damping  can  be  obtained  by  means  of  the  damping  layer  1  1  ,  for  example  a  rubber  layer.  Another  possibi- 
25  lity  is  to  arrange,  either  alternatively  or  in  addition,  a  damping  material,  for  example  glass  wool,  in  the  enclosed  volume  6 

behind  the  diaphragm. 
The  behaviour  of  the  transducer  shown  in  Figs.  1,2  which  satisfies  formu]as  (2),  (3),  (4)  and  (5)  will  now  be  described 

in  more  detail  with  reference  to  Fig.  4.  Fig.  4a  illustrates  the  on-axis  sound  pressure  P  as  a  function  of  the  frequency,  the 
transducer  being  driven  with  a  constant  input  voltage,  and  Fig.  4b  represents  the  electrical  input  impedance  of  the  trans- 

30  ducer  as  a  function  of  the  frequency.  Figs.  5a  and  5b  respectively  represent  the  sound  pressure  and  the  input  impedance 
of  the  transducer  of  Figs.  1  ,  2  not  provided  with  an  enclosed  volume  behind  the  diaphragm  2,  3  and  incorporated  in  a  baf- 
fle. 

The  impedance  curve  Z\  in  Fig.  5b  exhibits  a  number  of  maxima  corresponding  to  resonances  of  the  diaphragm  2,  3. 
The  frequency  f-T  corresponds  to  that  resonance  of  the  diaphragm  for  which  the  central  part  2  and  the  peripheral  part  3  vi- 

35  brate  in  phase,  see  Figs.  3a,  whilst  V  corresponds  to  a  situation  in  which  the  central  part  2  and  the  peripheral  part  3  are 
out  of  phase,  see  Fig.  3b.  Maxima  at  higher  frequencies  in  the  curve  Z\  of  Fig.  5b  correspond  to  higher-order  vibration  mo- 
des  of  the  diaphragm,  mainly  vibration  modes  in  the  peripheral  part  3.  A  minimum  is  situated  between  V  and  k'  at  the  an- 
ti-resonant  frequency  fo'. 

As  a  result  of  the  vibration  modes  in  the  diaphragm  the  sound  pressure  curve  of  Fig.  5a  exhibits  an  irregular  shape. 
40  For  example,  the  dip  in  the  curve  P  at  the  frequency  fa  is  caused  by  the  resonance  at  f2'.  At  this  frequency  fd  the  contribu- 

tions  of  the  central  part  and  the  peripheral  part  to  the  acoustic  output  signal  of  the  transducer  largely  cancel  one  another 
because  the  two  parts  vibrate  in  phase  opposition  and  provide  equal  (but  opposite)  acoustic  contributions  at  this  frequen- 
cy.  Therefore,  it  is  not  surprising  that  the  dip  in  the  curve  of  Fig.  5a  at  fd  does  not  coincide  with  the  peak  at  i£  in  Fig.  5b. 
Peaks  and  dips  as  a  result  of  higher-order  modes  are  less  pronounced  because  they  can  be  or  are  damped  more  effecti- 

45  vely. 
Since  in  the  embodiment  shown  in  Figs.  1  ,  2  the  transducer  comprises  an  enclosed  volume  6  behind  the  diaphragm, 

the  resonant  frequencies  fi1  and  V  in  Fig.  5b  are  shifted  towards  higher  frequencies.  This  is  visible  in  Fig.  4b.  Since  the 
provision  of  the  enclosed  volume  6  has  more  influence  on  that  resonance  frequency  for  which  the  central  part  2  and  the 
peripheral  part  3  vibrate  in  phase  than  on  the  resonant  frequency  for  which  the  central  part  2  and  the  peripheral  part  3  vi- 

50  brate  in  anti-phase,  the  frequency  fi  '  in  Fig.  5b  will  be  shifted  further  to  the  right  than  the  frequency  itf. 
If  the  enclosed  volume  is  selected  in  such  a  way  that  the  equations  (3)  and  (4)  are  satisfied,  the  frequency  fi'  will  be 

shifted  so  far  to  the  right  that  this  frequency  (like  fi  in  Fig.  4b)  will  be  situated  to  the  right  of  f2,  corresponding  to  the  reso- 
nant  frequency  for  which  the  central  part  2  and  the  peripheral  part  3  are  out  of  phase  relative  to  one  another. 

Providing  the  enclosed  volume  6  has  even  less  influence  on  the  higher-order  modes,  which  are  therefore  hardly  shif- 
55  ted  (compare  the  dips  in  the  characteristics  of  Figs.  4a  and  5a).  As  a  result  of  this  step  the  lower  limit  of  the  operating-fre- 

quency  range  is  also  shifted  towards  higher  frequencies.  This  lower  limit  substantially  corresponds  to  the  frequency  fo. 
This  is  evident  from  Fig.  4a  because  the  curve  has  a  roll-off  of  roughly  18  dB/oct  from  this  frequency  towards  lower  fre- 
quencies,  as  is  known  from  bass-reflex  systems.  In  this  way  it  is  achieved  that  a  number  of  undesired  higher-order  modes 
are  situated  outside  the  operating  range  of  the  transducer  (to  the  left  of  fo),  which  makes  the  frequency  characteristic  (of 

60  Fig.  4a)  much  flatter,  so  that  there  is  less  distortion.  As  already  stated,  the  modes  of  even  higher  orders  which  are  situated 
within  the  operating  range  of  the  transducer  can  readily  be  damped,  for  example  by  means  of  the  damping  material  1  1  . 

A  comparison  of  the  sound-pressure  curves  of  Figs.  4a  and  5a  shows  that  the  transducer  of  Figs.  1  ,  2  can  reproduce 
less  low  frequencies.  This  may  be  regarded  as  a  disadvantage.  However,  the  transducer  of  Fig.  1  can  be  dimensioned  in 
such  a  way  that  fo  in  Fig.  4  is  situated  at  the  desired  lower  limit  of  the  transducer,  so  that  the  desired  frequency  range  of 

65  the  transducer  can  still  be  obtained. 
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Fig.  6  shows  a  part  of  another  embodiment,  in  which  the  damping  of  the  peripheral  part  is  obtained  in  a  different  way. 
Here  the  peripheral  part  3  comprises  a  laminate  of  two  foils  15,  for  example  two  Kapton  foils,  between  which  a  damping 
material  16,  for  example  in  the  form  of  a  class  2  ball  bearing  grease,  is  interposed.  Should  the  mass  mz  of  the  peripheral 
part  3  be  such  that  formula  (4)  cannot  be  satisfied,  it  is  possible  to  mix  the  ball-bearing  grease  16  with  heavier  or  lighter 

5  particles  1  7.  Example  of  these  are  copper  particles  and  hollow  glass  spheres  or  foam-plastics  granules. 
Figs.  7  and  8  show  embodiments  in  which  the  central  part  is  constructed  in  a  different  manner.  Fig.  7  shows  a  central 

part  2'  in  the  form  of  a  cone  and  a  portion  21  .  The  cone  20  connects  the  voice-coil  device  9,  10  to  the  portion  21  ,  whose 
outer  circumference  is  identical  in  shape  to  the  outer  circumference  of  the  central  part  2'.  The  voice-coil  former  10  is  sea- 
led  by  means  of  a  dust  cap  22.  The  mass  of  the  central  part  of  the  embodiment  shown  in  Fig.  7  can  be  lower  than  that  in 

10  the  embodiment  shown  in  Fig.  1  .  The  same  applies  to  the  embodiment  shown  in  Fig.  8,  where  the  central  part  2"  compri- 
ses  the  dome-shaped  portion  25  and  the  portion  21  . 

It  is  to  be  noted  that  in  the  embodiment  shown  in  Figs.  7  and  8  the  surface  area  Si  of  the  central  part  2'  and  2"  respec- 
tively  corresponds  to  the  projection  of  the  surface  area  of  the  central  part  onto  a  plane  surface  perpendicular  to  the  axis  a. 

Fig.  9  again  shows  an  embodiment  in  which  the  peripheral  part  is  different.  Fig.  9  shows  a  peripheral  part  3"  of  a  com- 
15  pliant  flexible  material  which  is  formed  with  corregations  which  extend  over  the  surface  of  the  peripheral  part  more  or  less 

parallel  to  the  inner  and  outer  circumference  of  the  peripheral  part  3'.  The  peripheral  part  may  be  formed  in  one  piece.  Al- 
ternatively  it  is  possible,  as  is  shown  in  Fig.  9,  that  the  peripheral  part  comprises  two  corrugated  layers  27  and  28  between 
which  a  damping  material  may  be  sandwiched,  for  example  the  aforementioned  ball  bearing  grease.  If  the  peripheral  part 
is  made  of  one  piece  (i.e.  one  layer)  it  is  possible  to  provide  a  damping  material,  for  example  a  polyurethane  paste,  be- 

20  tween  the  corrugations  on  the  peripheral  part  (not  shown).  Preferably,  a  reasonably  large  number  of  corrugations  are  pro- vided.  In  transducers  having  the  aforementioned  dimensions  five  or  more  corrugations  are  preferred. 

25  Claims 

1.  An  electrodynamic  transducer  comprising  a  diaphragm  (2,  3),  a  magnet  system  (7)  and  a  voice-coil  device  (9,  10) 
which  is  coupled  to  the  diaphragm  and  which  is  situated  in  an  air  gap  (8)  formed  by  the  magnet  system,  the  diaphragm 
comprising  a  central  part  (2)  and  a  surrounding  peripheral  part  (3),  the  surface  area  (S2)  of  the  peripheral  part  being  larger 

30  than  that  (Si)  of  the  central  part,  the  central  part  having  a  higher  stiffness  than  the  peripheral  part  and  the  voice-coil  devi- 
ce  being  coupled  to  the  central  part,  characterized  in  that  the  peripheral  part  has  substantially  no  resistance  to  bending  in 
a  direction  perpendicular  to  its  inner  circumference,  in  that  the  diaphragm  cooperates  with  a  substantially  enclosed  volu- 
me  (6),  the  enclosed  volume  being  selected  in  such  a  way  that 

35  f0  S2 
—  *0.75  —  , 
fo'  Si 

where  Si  and  S2  are  the  surface  areas  of  the  central  part  and  the  peripheral  part  respectively,  fo  is  the  anti-resonance  fre- 
40  quency,  i.e.  that  frequency  in  the  frequency  characteristic  of  the  input  impedance  of  the  transducer  which  corresponds  to 

a  local  minimum  situated  between  two  maxima  in  said  characteristic  which  correspond  to  those  two  resonance  frequen- 
cies  for  which  the  central  part  and  the  peripheral  part  vibrate  in  phase  and  in  phase  opposition  with  one  another,  and  fo'  is 
said  anti-resonance  frequency  for  the  transducer  without  the  enclosed  volume  and  incorporated  in  a  baffle,  and  further 
that 

45 
S1 
—  *  2 
Si 

50  2.  An  electrodynamic  transducer  as  claimed  in  claim  1  ,  characterized  in  that  the  peripheral  part  is  mechanically  preten- 
sioned. 

3.  An  electrodynamic  transducer  as  claimed  in  Claim  1  ,  characterized  in  that  the  peripheral  part  is  provided  with  corruga- 
tions  which  extend  substantially  parallel  to  the  inner  and  outer  circumference  of  the  peripheral  part. 

4.  An  electro-dynamic  transducer  as  claimed  in  Claim  1,  2  or  3,  characterized  in  that  S2/S1  complies  with  the  following  re- 
lationship: 

S2 
60  2.5  *  —  *15. 

5.  An  electrodynamic  transducer  as  claimed  in  any  one  of  the  Claims  1  to  4,  characterized  in  that  the  ratio  m2/mi  is  selec- 
ted  so  as  to  satisfy 

65 
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where  rm  is  the  combined  mass  of  the  central  part  and  the  voice-coil  device,  and  rm  is  the  mass  of  the  peripheral  part. 

6.  An  electrodynamic  transducer  as  claimed  in  any  one  of  the  preceding  Claims,  characterized  in  that  the  mechanical 
damping  of  the  peripheral  part  is  selected  in  such  a  way  that  the  frequency  characteristic  of  the  input  impedance  of  the 
transducer  exhibits  substantially  two  maxima  only,  which  correspond  to  the  two  resonance  frequencies  for  which  the  cen- 
tral  part  and  the  peripheral  part  vibrate  in  phase  and  in  phase-opposition  relative  to  one  another. 

7.  An  electrodynamic  transducer  as  claimed  in  Claim  6,  characterized  in  that  the  peripheral  part  is  provided  with  a  layer  of 
a  damping  material. 

8.  An  electrodynamic  transducer  as  claimed  in  Claim  7,  characterized  in  that  the  damping  material  is  a  class-2  ball-bea- 
ring  grease  deposited  between  two  layers  of  which  the  peripheral  part  is  made. 

9.  An  electrodynamic  transducer  as  claimed  in  Claim  8,  characterized  in  that  the  ball-bearing  grease  is  mixed  with  a  ma- 
terial  of  a  higher  density  than  that  of  the  ball-bearing  grease. 

1  0.  An  electrodynamic  transducer  as  claimed  in  Claim  8,  characterized  in  that  the  ball-bearing  grease  is  mixed  with  a  ma- 
terial  of  a  lower  density  than  that  of  the  ball-bearing  grease. 

1  1  .  An  electrodynamic  transducer  as  claimed  in  any  one  of  the  preceding  Claims,  characterized  in  that  the  voice-coil  de- 
vice  is  coupled  to  the  central  part  via  an  auxiliary  cone. 

12.  An  electrodynamic  transducer  as  claimed  in  any  one  of  the  preceding  Claims,  characterized  in  that  a  portion  of  the 
central  part  which  is  situated  within  the  voice-coil  device  or  in  line  therewith  is  dome-shaped. 
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Patentanspriiche 

40  1.  Elektrodynamischer  Wandler  mit  einer  Membran  (2,  3),  einem  Magnetsystem  (7)  und  einer  Sprechspulenanordnung 
(9,  10),  die  mit  der  Membran  gekoppelt  und  in  einem  vom  Magnetsystem  gebildeten  Luftspalt  (8)  angeordnet  ist,  wobei 
die  Membran  einen  mittleren  Teil  (2)  und  einen  ihn  umgebenden  Umfangsteil  (3)  enthalt,  das  Oberflachengebiet  (S2)  des 
Umfangsteils  groBer  als  das  (Si)  des  mittleren  Teils  ist,  der  mittiere  Teil  eine  groBere  Steifheit  hat  als  der  Umfangsteil  und 
die  Sprechspulenanordnung  mit  dem  mittleren  Teil  gekoppelt  ist,  dadurch  gekennzeichnet,  daB  der  Umfangsteil  dem  Bie- 

45  gen  in  einer  Richtung  senkrecht  auf  seinen  Innenumfang  im  wesentlichen  keinen  Widerstand  leistet,  daB  die  Membran  mit 
einem  im  wesentlichen  geschlossenen  Volumen  (6)  zusammenarbeitet,  das  derail  gewahlt  ist,  daB 

fo  S2 
—  *  0,75  —  , 

50  fo  Si 

worin  Si  und  S2  die  Oberflachengebiete  des  mittleren  Teils  bzw.  des  Umfangsteils  sind,  fo  die  Antiresonanzfrequenz  ist, 
d.h.  die  Frequenz  im  Frequenzgang  der  Eingangsimpedanz  des  Wandlers  entsprechend  einem  ortlichen  Mindestwert  zwi- 
schen  zwei  Hochstwerten  im  Frequenzgang,  die  jenen  zwei  Resonanzfrequenzen  entsprechen,  fur  die  der  mittiere  Teil 

55  und  der  Umfangsteil  phasengleich  und  gegenphasig  zueinander  schwingen,  und  fo'  die  Antiresonanzfrequenz  fur  den  in 
eine  Resonanzwand  aufgenommenen  Wandler  ohne  das  geschlossene  Volumen  ist,  und  auBerdem,  daB 

S2 
—  *2. 

60  Si 

2.  Elektrodynamischer  Wandler  nach  Anspruch  1,  dadurch  gekennzeichnet,  daB  der  Umfangsteil  mechanisch  vorge- 
spannt  ist. 

65  3.  Elektrodynamischer  Wandler  nach  Anspruch  1  ,  dadurch  gekennzeichnet,  daB  der  Umfangsteil  mit  Wellen  versehen  ist, 
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die  sich  im  wesentlichen  parallel  zum  Innen-  und  AuBenumfang  des  Umfangsteils  erstrecken. 

4.  Elektrodynamischer  Wandler  nach  Anspruch  1  ,  2  Oder  3,  dadurch  gekennzeichnet,  daB  der  Ausdruck  S2/S1  mit  folgen- 
der  Beziehung  ubereinstimmt: 

S2 
2,5*  —  *15. 

Si 

5.  Elektrodynamischer  Wandler  nach  einem  oder  mehreren  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  daB  das 
Verhaltnis  rri2/mi  derart  gewahlt  wird,  daB  es  folgende  Beziehung  erfullt 

10 

S2 

Si 

1o 

fo1 

S2  f2 
2  •  _   •  — 

Si  fo1 
15 

m2 
;  —  ! 

mi 

J  

,  v2 
fo 

fo1 

'  \ 2  
S2 V  s2 

+  1/2 20 —  +1/2 -1 -1 
Si Si i*0 v  

worin  rm  die  summierte  Masse  des  mittleren  Teils  und  der  Sprechspulenanordnung  und  rri2  die  Masse  des  Umfangsteils 
ist. 

6.  Elektrodynamischer  Wandler  nach  einem  Oder  mehreren  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet, 
daB  die  mechanische  Dampfung  des  Umfangsteils  derart  gewahlt  ist,  daB  der  Frequenzgang  der  Eingangsimpedanz  des 
Wandlers  im  wesentlichen  nur  zwei  Hochstwerte  aufweist,  die  mit  den  beiden  Resonanzfrequenzen  ubereinstimmen,  fur 
die  der  mittlere  Teil  und  der  Umfangsteil  phasengleich  und  gegenphasig  in  bezug  aufeinander  schwingen. 

7.  Elektrodynamischer  Wandler  nach  Anspruch  6,  dadurch  gekennzeichnet,  daB  der  Umfangsteil  mit  einer  Schicht  aus  ei- 
nem  Dampfungsmaterial  versehen  ist. 

8.  Elektrodynamischer  Wandler  nach  Anspruch  7,  dadurch  gekennzeichnet,  daB  das  Dampfungsmaterial  ein  Klasse  2 
Kugellagerfett  ist,  das  sich  zwischen  zwei  Schichten  befindet,  aus  denen  der  Umfangsteil  besteht. 

9.  Elektrodynamischer  Wandler  nach  Anspruch  8,  dadurch  gekennzeichnet,  daB  das  Kugellagerfett  mit  einem  Werkstoff 
mit  hoherer  Dichte  als  der  des  Kugellagerfettes  vermischt  ist. 

10.  Elektrodynamischer  Wandler  nach  Anspruch  8,  dadurch  gekennzeichnet,  daB  das  Kugellagerfett  mit  einem  Werkstoff 
mit  niedrigerer  Dichte  als  der  des  Kugellagerfettes  vermischt  ist. 

1  1  .  Elektrodynamischer  Wandler  nach  einem  oder  mehreren  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet, 
daB  die  Sprechspulenanordnung  uber  einen  Hilfskonus  mit  dem  mittleren  Teil  gekoppelt  ist. 

12.  Elektrodynamischer  Wandler  nach  einem  oder  mehreren  der  vorangehenden  Anspruche,  dadurch  gekennzeichnet, 
daB  ein  in  der  Sprechspulenanordnung  befindlicher  Oder  auf  einer  Linie  damit  liegender  Teil  des  mittleren  Teils  kalotten- 
formig  ist. 
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Revendications 

1.  Transducteur  electrodynamique  comportant  une  membrane  (2,  3),  un  systeme  magnetique  (7)  et  un  dispositif  a  bobine 
mobile  (9,  10)  couple  a  la  membrane  et  situe  dans  un  entrefer  (8)  forme  par  le  systeme  magnetique,  membrane  qui  est 
constitute  par  une  partie  centrale  (2)  et  une  partie  peripherique  (3)  entourant  celle-ci,  la  surface  (S2)  de  la  partie  periphe- 
rique  (3)  etant  superieure  a  celle  (Si)  de  la  partie  centrale,  la  partie  centrale  ayant  une  rigidite  plus  grande  que  la  partie 
peripherique  et  le  dispositif  a  bobine  mobile  etant  couple  a  la  partie  centrale,  caracterise  en  ce  que  la  partie  peripherique 
n'a  pratiquement  pas  de  resistance  a  la  flexion  dans  une  direction  perpendiculaire  a  son  pourtour  interieur,  en  ce  que  la 
membrane  coopere  avec  un  espace  sensiblement  ferme  (6),  I'espace  ferme  etant  choisi  de  fagon  que 

fo  S2 
—  *0,75  — 
fo1  Si 

55 

60 

€5 
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ou  Si  et  Sz  sont  respectivement  les  surfaces  de  la  partie  centrale  et  de  la  partie  peripherique,  fo  est  la  frequence  antire- 
sonnante,  c'est-a-dire  la  frequence  dans  la  caracteristique  de  frequence  de  I'impedance  d'entree  du  transducteur,  corre- 
spondant  a  un  minimum  local  situe  entre  deux  maxima  dans  cette  caracteristique  qui  correspondent  aux  deux  frequences 
de  resonance  pour  lesquelles  la  partie  centrale  et  la  partie  peripherique  vibrent  en  phase  et  en  opposition  de  phase  Tune 
avec  I'autre,  et  fo'  est  ladite  frequence  antiresonnante  pour  le  transducteur  dans  le  cas  ou  celui-ci  est  depourvu  de  I'espa- 
ce  ferme  et  est  place  dans  un  baffle,  et  en  ce  que 

S2 
—  *2  
Si 

2.  Transducteur  electrodynamique  selon  la  revendication  1  ,  caracterise  en  ce  que  la  partie  peripherique  presente  une 
precontrainte  mecanique. 

3.  Transducteur  electrodynamique  selon  la  revendication  1,  caracterise  en  ce  que  la  partie  peripherique  presente  des  on- 
dulations  s'etendant  a  peu  pres  parallelement  aux  pourtours  interieur  et  exterieur  de  la  partie  peripherique. 

4.  Transducteur  electrodynamique  selon  la  revendication  1  ,  2  ou  3,  caracterise  en  ce  que  S2/S1  satisfait  la  relation  sui- 
vante: 

2,5  s  S2/S1  *15. 

5.  Transducteur  electrodynamique  selon  Tune  quelconque  des  revendications  1  a  4,  caracterise  en  ce  que  le  rapport 
m2/mi  est  choisi  de  facon  a  satisfaire 
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35 
ou  mi  est  la  masse  combinee  de  la  partie  centrale  et  du  dispositif  a  bobine  mobile  et  rm  la  masse  de  la  partie  peripheri- 
que. 

6.  Transducteur  electrodynamique  selon  Tune  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  I'amor- 
tissement  mecanique  de  la  partie  peripherique  est  choisi  de  facon  que  la  caracteristique  de  frequence  de  I'impedance 
d'entree  du  transducteur  ne  presente  pratiquement  que  deux  maxima  qui  correspondent  aux  deux  frequences  de  reso- 
nance  pour  lesquelles  la  partie  centrale  et  la  partie  peripherique  vibrent  en  phase  et  en  opposition  de  phase  I'une  par  rap- 
port  a  I'autre. 

7.  Transducteur  electrodynamique  selon  la  revendication  6,  caracterise  en  ce  que  la  partie  peripherique  est  munie  d'une 
couche  de  materiau  amortisseur. 

8.  Transducteur  electrodynamique  selon  la  revendication  7,  caracterise  en  ce  que  le  materiau  amortisseur  est  une  grais- 
se  a  roulements  a  billes  de  classe  2  interposee  entre  deux  couches  constituant  la  partie  peripherique. 

9.  Transducteur  electrodynamique  selon  la  revendication  8,  caracterise  en  ce  que  la  graisse  a  roulements  a  billes  est  me- 
langee  avec  un  materiau  de  densite  plus  elevee  que  celle  de  la  graisse  a  roulements  &  billes. 

10.  Transducteur  electrodynamique  selon  la  revendication  8,  caracterise  en  ce  que  la  graisse  a  roulements  a  billes  est 
melangee  avec  un  materiau  de  densite  plus  faible  que  celle  de  la  graisse  a  roulements  a  billes. 

11.  Transducteur  electrodynamique  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  que  le 
dispositif  a  bobine  mobile  est  couple  a  la  partie  centrale  par  I'intermediaire  d'un  cflne  auxiliaire. 

12.  Transducteur  electrodynamique  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  en  ce  qu'une 
portion  de  la  partie  centrale,  situee  dans  le  dispositif  a  bobine  mobile  ou  alignee  avec  celui-ci  presente  une  forme  de 
dome. 
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