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manent-magnet,  moving-coil  configuration,  its 
dynamic  radiator  being  a  diaphragm.  The  tweeter 
is  mounted  in  the  space  defined  by  the  aforesaid 
diaphragm,  and  comprises  a  smaller  diameter 

5  second  diaphragm  having  situated  at  its  apex  a 
second  driver  mechanism  comprising  a 
piezoelectric  element,  or  other  driving  element. 

Figure  1  of  US  —  A—  2453521,  disclose  securing 
both  the  second  diaphragm  and  the  second  driver 

10  mechanism  separately  to  an  intermediate  region 
of  the  first  diaphragm  between  the  apex  and 
perimeter  thereof.  US—  A—  2593031  discloses  a 
similar  configuration  but  achieved  with  the  use  of 
a  mounting  cup  carried  by  the  intermediate 

15  region  of  the  first  diaphragm  and  supporting  both 
the  second  diaphragm  and  the  second  driver 
mechanism. 

It  is  an  object  of  the  present  invention  to 
provide  an  improved  multi-driver  loudspeaker 

20  construction  having  improved  overall  frequency 
response,  dispersion,  and  time  and  phase 
characteristics. 

It  is  also  an  object  of  the  present  invention  to 
provide  an  improved  multi-driver  loudspeaker 

25  construction  which  eliminates  the  need  for  a 
separate  mounting  apparatus  for  the  mid  or 
upper  frequency  driving  units. 

Accordingly  the  present  invention  uses  a 
piezoelectric  transducer  as  the  second  driver,  and 

30  has  a  second  diaphragm  with  an  apex,  and  is 
characterised  in  that  the  piezoelectric  transducer 
is  supported  within  the  interior  of  the  first  dia- 
phragm  solely  by  attachment  of  the  piezoelectric 
transducer  to  the  apex  of  the  second  diaphragm 

35  and  attachment  of  the  second  diaphragm  to  an 
intermediate  region  of  the  first  diaphragm 
between  its  apex  and  its  interior,  so  that  the 
piezeoelectric  transducer  moves  with  the  first 
diaphragm. 

40  In  this  configuration,  the  entire  mechanism 
which  constitutes  the  tweeter  moves  in  unison 
with  the  low  frequency  diaphragm  in  the  piston 
range  and  forms  a  part  of  the  total  moving  mass 
of  the  low  frequency  driver.  This  configuration 

45  eliminates  the  customarily  used  mounting  post  or 
brackets  which  support  the  high  frequency  unit{s) 
and  also  improves  the  overall  frequency 
response,  dispersion,  time,  and  phase  charac- 
teristics  of  the  loudspeaker  system. 

50  The  present  invention  will  be  more  readily 
understood  by  those  skilled  in  the  art  upon 
reading  the  following  detailed  description  in  con- 
junction  with  the  accompanying  drawing  in 
which: 

55  Fig.  1  is  a  cross-sectional  view  of  a  multi-driver 
loudspeaker  system  constructed  according  to  the 
present  invention; 

Fig.  2  is  a  front  elevational  view  of  a  multi-driver 
loudspeaker  system  constructed  according  to  the 

eo  present  invention; 
Fig.  3  is  a  sectional  view  of  the  system  of  Fig.  2, 

taken  generally  along  section  lines  3  —  3  thereof; 
Fig.  4  is  a  front  elevational  view  of  a  multi-driver 

loudspeaker  system  constructed  according  to  the 
65  present  invention;  and 

Description 

This  invention  relates  generally  to  loudspeaker 
systems,  and  more  particularly  to  systems  in 
which  the  audio  frequency  signal  is  divided  into 
upper  and  lower  ranges  for  higher  fidelity  repro- 
duction  from  transducers  particularly  designed 
for  that  purpose.  It  is  well  known  that  the  size, 
configuration,  and  even  the  operating  principles 
of  high  frequency  acoustic  transducers  may  differ 
substantially  from  those  of  low-frequency  trans- 
ducers.  Separate  and  independently  operable 
transducers  have  been  available  for  a  long  time, 
which  can  faithfully  reproduce  sound  within  given 
frequency  bands.  Efforts  to  reproduce  high  fidel- 
ity  sound  for  human  ears  have  targeted  questions 
such  as  where  the  frequency  division  should  be 
made,  how  a  transducer  should  function  within  its 
assigned  frequency  range,  how  many  frequency 
divisions  and  transducers  should  be  used,  how 
the  transducers  should  be  physically  arranged 
and  associated  with  one  another,  and  perhaps 
many  other  considerations  of  both  broad  and 
narrow  scope. 

It  has  been  a  practice  for  some  time  to  provide 
speaker  systems  wherein  the  audio  signal  is 
divided  into  upper  and  lower  frequencies  and 
distributed  to  transducers  particularly  designed  to 
best  reproduce  low  or  high  frequency  sound.  It 
has  also  been  common,  for  various  reasons,  to 
construct  within  a  single  assembly  a  combination 
of  two  or  more  transducers  in  which  the  high 
frequency  transducer  is  coaxially  mounted  with 
respect  to  the  low  frequency  transducer. 

Coaxial  loudspeakers  have,  in  the  past, 
employed  entirely  independent  transducers,  their 
interrelationship  being  almost  entirely  a  matter  of 
mechanical  placement  with  some  regard  for  the 
acoustical  effects  which  result  therefrom. 
Typically  "coaxial"  speakers  systems  employ  one 
or  more  high  frequency  drivers  mounted  above 
the  lower  frequency  system  by  a  post  or  bridge- 
like  support,  and,  as  a  result,  often  have  irregular 
frequency  response  characteristics  due  to  phase 
cancellation  between  the  drivers  and  diffraction 
effects  caused  by  the  support  apparatus. 

Typical  of  the  above  features  of  the  prior  art, 
but  by  no  means  all-inclusive,  are  U.S.  Patents 
Nos.  4,146,110  (Maloney);  3,796,839  (Torn); 
3,158,697  (Gorike);  and  2,259,907  (Olney).  These 
patents  all  incorporate  to  varying  degrees  the 
features  mentioned  above. 

It  is  also  well  known  that  in  acoustic  trans- 
ducers,  there  are  at  least  two  types  of  drive 
mechanisms:  the  permanent-magnet,  moving- 
coil  type  and  the  piezoelectric  type.  U.S.  Patent 
No.  4,246,447  (Vorie)  is  an  example  of  the 
piezoelectric  mechanism. 

The  speaker  system  of  the  present  invention 
comprises  a  low  frequency  dynamic  radiator  type 
transducer  or  woofer  and  one  or  more  higher 
frequency  transducer(s)  ortweeter(s)  mounted  in 
a  single  assembly,  but  not  requiring  the  elaborate 
and  costly  mounting  techniques  of  the  prior  art 
devices.  The  woofer  unit  typically  is  of  the  per- 
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between  the  woofer  and  tweeter  cones  14,  30  in 
the  crossover  region  of  response.  A  desirable 
acoustic  response  can  thus  be  achieved  by 
appropriate  selection  of  the  material,  the  dimen- 

5  sions,  the  symmetry,  and  the  position  of  the 
tweeter  mechanism  as  well  as  variations  in  the 
decoupling  ring  34  and  damping  rings  32  and  36. 
The  tweeter  cone  30  can  be  suspended  in  front  of 
the  woofer  cone  in  several  ways.  The  tweeter 

w  cone  30  perimeter  can  be  attached  to  the  woofer 
cone  directly,  or  through  a  compliant  member. 
The  tweeter  cone  30  can  be  mounted  to  any 
suitable  portion  of  the  woofer  cone  14  body,  in 
order  to  provide  wide  angle  dispersion. 

15  When  operating  in  response  to  low  frequency 
electrical  signals,  the  transducer  assembly 
appears  much  as  if  it  were  a  single  piston.  The 
operation  in  response  to  high  frequency  signals 
above  the  crossover  frequency  adds  to  the  trans- 

20  lational  motion  of  the  high  frequency  cone  30 
essentially  as  if  it  were  acting  alone  except  that  it 
is,  in  effect,  mounted  upon  a  support  which 
exhibits  little  or  no  movement  at  these  high 
frequencies.  The  decoupling  arrangement  dis- 

25  posed  between  the  woofer  cone  14  and  tweeter 
cone  30  provides  a  method  to  control  the  degree 
of  motion  and  phase  between  the  two  cones  in 
the  midband  and  upper  band  response  regions, 
thus  providing  a  means  to  control  the  electro- 

30  mechanical  feedback  to  the  tweeter  driving 
element,  as  described  by  the  reciprocity  principle. 
This  provides  a  smooth  frequency  response 
characteristic  in  the  mid-  and  upper  band 
response  regions.  This  mounting  arrangement 

35  between  the  diaphragms  14,  30  leads  to  improved 
frequency  response  and  dispersion  for  the  overall 
system  and  to  improved  time  phase  coherence 
throughout  the  desired  frequency  range.  From  a 
mechanical  point  of  view,  the  arrangement  of  the 

40  present  invention  also  eliminates  the  need  for  the 
supplemental  mounting  brackets  customarily 
used  in  other  coaxial  systems  to  support  the 
higher  frequency  drivers. 

In  another  embodiment  of  the  invention  illus- 
45  trated  in  Figs.  2  and  3,  a  permanent-magnet 

assembly  110  is  secured  to  a  frame  112  having  a 
generally  elliptical  or  oval  frontal  opening,  illus- 
tratively  6  inches  by  9  inches  (15.24  cm  by  22,86 
cm).  The  woofer  diaphragm  114  extends 

so  generally  conically  outwardly.  The  outer  rim  of 
diaphragm  114  is  secured  to  the  oval  front  open- 
ing  of  the  frame  112  by  means  of  a  compliant 
suspension  116.  The  inward  portion  of  the  dia- 
phragm  1  14  is  secured  to  a  voice  coil  form  1  18  to 

55  which  is  attached  a  woofer  voice  coil  120  posi- 
tioned  in  the  magnetic  air  gap  124  in  the  custom- 
ary  fashion. 

The  tweeter  of  this  embodiment  comprises  a 
tweeter  cone  130,  the  central  axis  of  which  is 

60  about  45°  off  the  axis  of  the  woofer  cone  114,  as 
best  illustrated  in  Fig.  3.  A  junction  area  131  is 
provided  at  the  outer  perimeter  of  cone  130.  This 
junction  area  131  is  glued  or  otherwise  attached, 
with  or  without  a  compliant  member,  to  the 

65  perimetral  edge  135  of  an  opening  133  provided 

Figs.  5  —  7  are  frequency  response  characteris- 
tics  of  a  prior  art  speaker  and  two  speakers 
constructed  according  to  the  present  invention. 

In  the  embodiment  of  the  invention  illustrated 
in  Fig.  1,  the  low  frequency  transducer  or  woofer 
is  of  the  permanent-magnet,  moving-coil  type 
and  comprises  a  permanent-magnet  assembly  10 
to  which  is  secured  a  frame  12  having  a  generally 
somewhat  conical  configuration.  The  frame  12 
defines  an  aperture  13  which  defines  generally 
the  frontal  shape  and  area  of  the  transducer.  The 
shape  of  the  aperture  13  formed  by  the  frame  can 
be  other  than  circular,  for  example,  oval.  The 
woofer  diaphragm  14  extends  or  flares  generally 
conically  outwardly  and  has  its  outer  edge 
secured  to  the  periphery  of  the  frame  12  by 
means  of  a  compliant  suspension  16.  The  inner 
portion  of  the  diaphragm  14  is  secured  to  a  voice 
coil  form  18  upon  the  lower  portion  of  which  is 
the  voice  coil  20  which  surrounds  the  center  pole 
22  of  the  permanent-magnet  assembly  10  with 
the  voice  coil  positioned  in  the  magnetic  air  gap 
24  in  the  customary  fashion.  Up  to  this  point  in 
the  description,  the  construction  of  the  transducer 
is  entirely  conventional. 

The  high  frequency  transducer  of  tweeter  com- 
prises  the  tweeter  cone  30,  the  central  axis  of 
which  is  typically  aligned  with  the  central  axis  of 
the  woofer  cone  14.  The  tweeter  cone  30  has  a 
somewhat  greaterflare  rate  and  is  of  substantially 
smaller  dimension  than  the  woofer  cone  14.  At 
the  outer  periphery  of  cone  30,  a  foam  com- 
pliance  ring  34  may  be  positioned  between  the 
edge  of  cone  30  and  the  surface  of  diaphragm  14. 
Behind  the  diaphragm  30  and  extending  along  a 
portion  of  the  surface  thereof,  dampening  or 
stiffening  material  32  and  36  can  be  provided  to 
smooth  response  and  isolate  the  lead  wires  if 
desired.  The  driver  element  38  is  positioned  at  the 
apex  of  cone  30.  This  driver  element  38  comprises 
a  piezoelectric  crystal  commonly  known  in  the 
trade  as  a  bimorph  or  multimorph.  The  electrical 
leads  40  are  coupled  to  the  crystal  38,  and  extend 
out  through  the  woofer  cone  14  in  conventional 
manner  to  input  terminals  44  mounted  upon  a 
portion  of  the  frame  12.  The  leads  40  from  the 
crystal  38  join  leads  43  which  couple  terminals  44 
to  the  voice  coil  20.  The  crystal  38  and  voice  coil 
20  are  thus  electrically  coupled  in  parallel. 

The  connection  of  the  single  pair  of  input  leads 
to  both  drivers  38  and  20  without  utilization  of  a 
crossover  network  is  made  possible  because  the 
crystal  driver  38  functions  as  a  high-pass  filter  as 
well  as  a  tweeter  driver,  and  depending  upon  the 
thickness,  coupling  coefficient  and  diameter  of 
the  crystal  38  and  the  diameter  of  cone  30  and  its 
shape,  etc.,  provides  an  effective  crossover  fre- 
quency  in  the  range  anywhere  from  one  to  ten 
kilohertz.  An  external  filter  network  can  be  used  if 
desired. 

The  damping  rings  32  and  36,  which  illustra- 
tively  can  be  formed  of  fibreglass  insulating 
material,  are  to  suppress  undesired  vibrational 
modes  while  the  foam  compliance  ring  34  pro- 
vides  a  means  to  control  the  mechanical  coupling 
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response  of  the  speaker,  and  the  45°  off-axis 
frequency  response  of  the  speaker.  It  will  be 
appreciated  that,  even  with  the  whizzer  cone,  the 
off-axis  (30°  and  45°  off-axis)  response  of  the 

5  speaker  is  significantly  below  the  on-axis 
response  (1  —  3  dB)  even  at  such  low  frequencies 
as  2  KHz.  At  about  4  KHz,  the  off-axis  performance 
has  degraded  even  more  seriously  (30°  off-axis 
down  about  5  dB,  45°  off-axis  down  14  dB).  At  15 

w  KHz,  30°  off-axis  is  down  13  dB,  and  45°  off-axis  is 
down  about  the  same  amount. 

Fig.  6  illustrates  the  frequency  responses  of  a  6" 
by  9"  (15.24  cm  by  22.86  cm)  elliptical  constructed 
in  accordance  with  Fig.  1.  Although  the  off-axis 

w  response  at  2  KHz  remains  down  about  1  and  3  dB 
(at  30°  off-axis  and  45°  off-axis,  respectively),  at  5 
KHz,  the  30°  off-axis  response  is  down  only  about 
1  —  1.5  dB,  a  3.5  —  4  dB  improvement  over  Fig.  5, 
and  the  45°  off-axis  response  is  only  down  8—8.5 

20  dB,  a  5.5  —  6  dB  improvement  over  Fig.  5.  At  15 
KHz,  the  improvement  is  equally  as  significant, 
with  the  30°  off-axis  response  being  down  only 
about  10.5  dB,  a  2.5  dB  improvement  over  Fig.  5, 
and  the  45°  off-axis  only  being  down  8.5  dB,  a  5.5 

25  dB  improvement  over  Fig.  5. 
The  frequency  response  characteristics  of  the 

Figs.  2  and  3  embodiment  of  the  invention  are 
illustrated  in  Fig.  7.  In  the  embodiment  tested  for 
Fig.  7,  the  apex  of  the  tweeter  cone  projected  into 

30  the  plane  of  the  surrounding  woofer  cone  lay  half- 
way  from  the  woofer  cone  axis  to  the  compliance 
ring.  In  other  words,  the  tweeter  was  mounted 
half-way  out  the  woofer  cone  from  the  axis  to  the 
compliance  ring.  At  2  KHz,  the  30°  off-axis 

35  response  was  down  about  1.5  —  2  dB  and  the  45° 
off-axis  response  was  down  5  dB.  At  4  KHz,  the 
30°  off-axis  performance  was  actually  1  —  1.5  dB 
above  the  on-axis  performance  and  the  45°  off- 
axis  performance  was  only  about  1.5  —  2  dB  lower 

40  than  on-axis,  both  substantial  improvements  over 
the  embodiment  of  Fig.  5.  At  15  KHz,  the  30°  off- 
axis  performance  and  45°  off-axis  performance 
were  actually  both  substantially  above  the  on-axis 
performance  with  30°  being  about  4—5  dB  above 

45  and  45°  being  about  10  dB  above  the  on-axis 
performance. 

Claims 

50  1  .  A  multi-driver  loudspeaker  combination  com- 
prising  a  first  generally  cone-shaped  diaphragm 
(14);  a  first  driver  (10,  18,  20)  including  a  magnet 
structure  (10)  defining  an  air  gap,  a  voice  coil  (20) 
lying  within  the  air  gap,  and  a  voice  coil  former 

55  (18)  for  coupling  the  apex  of  the  first  diaphragm 
to  the  first  driver,  the  voice  coil  being  provided  on 
the  voice  coil  former,  the  first  diaphragm  and 
driver  being  effective  to  reproduce  sound  in  the 
lower  portion  of  the  audio  frequency  range;  a 

60  second  driver  (38)  comprising  a  piezoelectric 
transducer;  and  a  second  generally  cone-shaped 
diaphragm  (30),  the  second  diaphragm  and  driver 
being  effective  to  reproduce  sound  in  the  upper 
portion  of  the  audio  frequency  range;  charac- 

65  terised  in  that  the  piezoelectric  transducer  is 

in  the  woofer  cone  114.  A  piezoelectric  bimorph 
crystal  driver  element  138  is  positioned  at  the 
apex  of  cone  130.  Electrical  leads  140  are  coupled 
to  the  crystal  138  and  extend  to  terminals  145 
provided  on  the  outside  surface  of  woofer  cone 
114.  The  leads  140  from  the  crystal  138  are 
coupled  by  leads  142  to  the  input  terminals  144 
provided  on  the  supporting  frame  112.  Leads  142 
also  couple  terminals  144  to  the  woofer  voice  coil 
120.  The  woofer  voice  coil  120  and  tweeter  driver 
138  thus  are  coupled  in  parallel. 

Again,  the  coupling  of  the  single  pair  of  input 
leads  142  to  both  drivers  138  and  120  without  a 
divider  or  crossover  network  is  made  possible 
because  the  crystal  driver  138  acts  as  a  high  pass 
filter. 

In  another  embodiment  of  the  invention  illus- 
trated  in  Fig.  4,  a  permanent-magnet  assembly 
(not  shown)  is  secured  to  a  frame  121  having  a 
generally  circular  frontal  opening.  The  tweeter 
cones  230  can  be  molded  into  the  woofer  cone 
body  214,  making  the  surrounding  portion  of  the 
woofer  cone  214  an  extension  of  the  tweeter  cone 
body.  A  woofer  diaphragm  214  flares  generally 
conically  outwardly.  Its  outer  perimeter  is  secured 
to  a  circular  frontal  opening  provided  in  the  frame 
212  by  means  of  compliant  suspension  216.  The 
inner  portion  of  the  diaphragm  214  is  secured  to  a 
voice  coil  form  upon  which  is  provided  a  voice 
coil  which  surrounds  the  center  pole  of  the  per- 
manent-magnet  assembly  with  the  voice  coil 
positioned  in  the  air  gap,  all  in  a  manner 
previously  discussed. 

Four  high  frequency  transducers  or  tweeters 
229  are  mounted  in  the  woofer  diaphragm  214  in 
a  manner  similar  to  the  tweeter  diaphragm 
mounting  illustrated  in  Fig.  3.  Each  tweeter  229 
comprises  a  tweeter  cone  230,  the  central  axis  of 
which  is  illustratively  45°  off  the  central  axis  of  the 
woofer  cone  214,  as  in  the  embodiment  of  Figs.  2 
and  3.  The  tweeter  cones'  axes  are  also  posi- 
tioned  at  90°  intervals  about  the  woofer  cone  214 
axis.  As  before,  the  tweeter  cones  230  have 
somewhat  greater  flares  and  are  of  substantially 
smaller  dimension  than  the  woofer  cone  214.  A 
piezoelectric  driver  element  (not  shown)  is  posi- 
tioned  at  the  apex  of  each  cone  230.  The  electrical 
terminations  (not  shown)  to  the  crystals  which 
drive  tweeter  cones  230  are  made  as  in  the 
preceding  embodiments.  Again,  the  crystal 
drivers  function  as  high-pass  filters,  and  the 
frequency  responses  of  the  drivers  are  selectable 
in  part  by  proper  selection  of  the  physical  para- 
meters  of  the  various  drivers  and  tweeter  cones 
230. 

The  advantages  of  the  off-axis  placement  of  the 
tweeter  axes  from  the  woofer  axis  in  the  embodi- 
ments  of  Figs.  1  —  4  can  best  be  appreciated  with 
reference  to  Figs.  5  —  7. 

Fig.  5  illustrates  the  frequency  response  of  a 
prior  art  6"  by  9"  (15.24  cm  by  22.86  cm)  oval 
speaker  with  a  coaxial  secondary  cone  called  a 
"whizzer".  The  three-frequency  response  curves 
correspond  to  the  on-axis  (0°)  frequency  response 
of  the  speaker,  the  30°  off-axis  frequency 
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spulengebildet(18)zurVerbindung  den  Spitze  der 
ersten  Membran  mit  dem  ersten  Antrieb,  umfaftt, 
wobei  die  Schwingtauchspule  auf  dem  Schwing- 
tauchspulengebilde  vorgesehen  ist,  und  die  erste 

5  Membran  und  der  Antrieb  derart  wirken,  daft  sie 
Tone  im  unteren  Abschnitt  des  akustischen  Fre- 
quenzbereiches  reproduzieren;  mit  einem  zwei- 
ten  Antrieb  (38),  der  einen  piezoelektrischen 
Wandler  umfaftt  und  mit  einer  zweiten,  im 

10  wesentlichen  konisch  geformten  Membran  (30), 
wobei  die  zweite  Membran  und  der  Antrieb  derart 
wirken,  daS  sie  Tone  in  dem  oberen  Abschnitt  des 
akustischen  Frequenzbereiches  reproduzieren, 
dadurch  gekennzeichnet,  daft  die  piezoelektrische 

15  Wandler  innerhalb  der  Innenflache  der  ersten 
Membran  einzig  durch  Befestigung  des  piezoelek- 
trischen  Wandlers  an  der  Spitze  der  zweiten 
Membran  und  Befestigung  der  zweiten  Membran 
an  einem  Zwischenabschnitt  der  ersten  Membran 

20  zwischen  ihrer  Spitze  und  ihrer  Innenflache  getra- 
gen  wird,  so  daft  sich  der  piezoelektrische 
Wandler  mit  der  erste  Membran  bewegt. 

2.  Lautsprecherkombination  nach  Anspruch  1, 
dadurch  gekennzeichnet,  daft  die  erste  Membran 

25  eine  erste  Achse  bestimmt,  zu  der  die  erste 
Membran  im  wesentlichen  symmetrisch  ist,  daft 
die  zweite  Membran  eine  zweite  Achse  bestimmt, 
zu  der  die  zweite  Membran  im  wesentlichen 
symmetrisch  ist  und  daft  der  Winkel  zwischen  den 

30  ersten  und  zweiten  Achsen  von  Null  verschieden 
ist. 

3.  Lautsprecherkombination  nach  einem  der 
Anspruche  1  und  2,  dadurch  gekennzeichnet,  daft 
eine  Mehrzahl  zweiter  Membranen  und  eine 

35  Mehrzahl  zweiter  Antriebe  vorgesehen  ist. 
4.  Lautsprecherkombination  nach  einem  der 

Anspruche  1  bis  3,  dadurch  gekennzeichnet,  daft 
der  zweite  Wandler  mittels  Zwischenbefesti- 
gungseinrichtungen  (34)  auf  der  ersten  Membran 

40  befestigt  ist,  urn  zu  erlauben,  daft  sich  der  zweite 
Wandler  mit  der  Membran  ungehindert  bewegen 
kann. 

5.  Lautsprecherkombination  nach  Anspruch  4, 
dadurch  gekennzeichnet,  daft  die  Zwischenbefe- 

45  stigungseinrichtung  einen  ringformigen  Trager 
umfaftt,  der  an  einer  Kante  endet,  wobei  der 
zweite  Wandler  einen  Membran  mit  einer  Kante 
hat,  die  mit  der  zuerst  genannten  Kante  verbun- 
den  ist,  urn  den  Wandler  durch  den  ringformigen 

so  Trager  zu  tragen. 
6.  Lautsprecherkombination  nach  Anspruch  5, 

dadurch  gekennzeichnet,  daft  die  Kante  des  Tra- 
gers  und  die  Kante  der  Membran  im  wesentlichen 
geschlossene,  ebene  Kurvenform  aufweisen. 

55  7.  Lautsprecherkombination  nach  einem  der 
Anspruche  4  bis  6,  dadurch  gekennzeichnet,  daft 
die  Zwischenbefestigungseinrichtungen  einen 
Federring  aufweisen,  der  auf  der  Innenflache  der 
ersten  Membran  (14)  befestigt  ist  und  Einrichtun- 

60  gen  zur  Befestigung  der  zweiten  Membran  auf 
dem  Federring. 

8.  Lautsprecherkombination  nach  einem  der 
Anspruche  1  bis  6,  dadurch  gekennzeichnet,  daft 
die  zweite  Membran  (130)  exzentrisch  zur  ersten 

65  Membran  (114)  montiert  ist. 

supported  within  the  interior  of  the  first  dia- 
phragm  solely  by  attachment  of  the  piezoelectric 
transducer  to  the  apex  of  the  second  diaphragm 
and  attachment  of  the  second  diaphragm  to  an 
intermediate  region  of  the  first  diaphragm 
between  its  apex  and  its  interior,  so  that  the 
piezoelectric  transducer  moves  with  the  first  dia- 
phragm. 

2.  The  loudspeaker  combination  of  claim  1, 
characterised  in  that  the  first  diaphragm  defines  a 
first  axis  about  which  the  first  diaphragm  is 
generally  symmetrical,  the  second  diaphragm 
defines  a  second  axis  about  which  the  second 
diaphragm  is  generally  symmetrical,  and  the 
angle  between  the  first  and  second  axes  is  non- 
zero. 

3.  The  loudspeaker  combination  of  either  of 
claims  1  and  2,  characterised  in  that  there  is  a 
plurality  of  said  second  diaphragms  and  a 
plurality  of  said  second  drivers. 

4.  The  loudspeaker  combination  of  anyone  of 
claims  1  to  3,  characterised  in  that  the  second 
transducer  is  mounted  on  the  first  diaphragm  by 
intermediate  mounting  means  (34)  permitting  the 
second  transducer  to  move  with  the  diaphragm  in 
an  unrestrained  manner. 

5.  The  multi-driver  loudspeaker  combination  of 
claim  4,  characterised  in  that  the  intermediate 
mounting  means  comprise  an  annular  base  ter- 
minating  at  an  edge,  the  second  transducer 
including  a  diaphragm  having  an  edge  joined  to 
the  first-mentioned  edge  to  support  the  second 
transducer  from  the  annular  base. 

6.  The  loudspeaker  combination  of  claim  5, 
characterised  in  that  the  said  edge  of  the  base  and 
the  diaphragm  edge  are  dosed  generally  planar 
curves. 

7.  The  loudspeaker  combination  of  any  one  of 
claims  4  to  6,  characterised  in  that  said  inter- 
mediate  mounting  means  comprises  a  com- 
pliance  ring  (34),  mounted  from  the  interior  of  the 
first  diaphragm  (14)  and  means  for  mounting  the 
second  diaphragm  from  the  compliance  ring. 

8.  The  loudspeaker  combination  of  any  one  of 
claims  1  to  6,  characterised  in  that  said  second 
diaphragm  (130)  is  mounted  non-concentrically 
with  respect  to  said  first  diaphragm  (114). 

9.  The  loudspeaker  combination  of  any  one  of 
claims  1  to  8,  characterised  in  that  said  first 
diaphragm  (114)  includes  said  second  diaphragm 
(130)  as  an  integral  part  thereof,  the  second 
transducer  being  separately  driven. 

10.  The  loudspeaker  combination  according  to 
claim  1,  characterised  in  that  the  second  dia- 
phragm  (30)  is  concentric  with  respect  to  the  first 
diaphragm  (14). 

Patentanspruche 

1.  Lautsprecher  mit  mehreren  Antrieben,  mit 
einer  ersten,  im  wesentlichen  konisch  geformten 
Membran  (14,  einem  ersten  Antrieb  (10,  18,  20), 
der  einen  magnetischen  Aufbau  (10)  mit  einem 
Luftspalt,  eine  Schwingtauchspule  (20),  die  inner- 
halb  des  Luftspaltes  liegt  und  ein  Schwingtauch- 
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gle  forme  par  le  premier  et  le  second  axe  n'est 
pas  nul. 

3.  Haut-parleur  combine  selon  I'une  des 
revendications  1  et  2,  caracterise  en  ce  qu'il 
comporte  plusieurs  secondes  membranes  et 
plusieurs  seconds  moteurs. 

4.  Haut-parleur  combine  selon  I'une  quelcon- 
que  des  revendications  1  a  3,  caracterise  en  ce 
que  le  second  transducteur  est  monte  sur  la 
premiere  membrane  par  un  dispositif  interme- 
diaire  de  montage  (34)  permettant  le  deplace- 
ment  du  second  transducteur  avec  la  membrane 
sans  qu'il  soit  retenu. 

5.  Haut-parleur  combine  a  plusieurs  moteurs 
selon  la  revendication  4,  caracterise  en  ce  que  le 
dispositif  intermediaire  de  montage  comporte 
une  base  annulaire  aboutissant  a  un  bord,  le 
second  transducteur  comprenant  une  mem- 
brane  ayant  un  bord  raccorde  au  premier  bord 
cite  afin  que  le  second  transducteur  soit  sup- 
porte  sur  la  base  annulaire. 

6.  Haut-parleur  combine  selon  la  revendica- 
tion  5,  caracterise  en  ce  que  le  bord  de  la  base 
et  le  bord  de  la  membrane  sont  des  courbes 
planes  de  fagon  generale  et  fermees. 

7.  Haut-parleur  combine  selon  Tune  quelcon- 
que  des  revendications  4  a  6,  caracterise  en  ce 
que  le  dispositif  intermediaire  de  montage  com- 
porte  une  bague  (34)  d'elasticite  montee  a  partir 
de  I'interieur  de  la  premiere  membrane  (14)  et 
un  dispositif  de  montage  de  la  seconde  mem- 
brane  a  partir  de  la  bgaue  d'elasticite. 

8.  Haut-parleur  combine  selon  I'une  quelcon- 
que  des  revendications  1  a  6,  caracterise  en  ce 
que  la  seconde  membrane  (130)  est  montee  de 
maniere  non  concentrique  par  rapport  a  la 
premiere  membrane  (114). 

9.  Haut-parleur  combine  selon  I'une  quelcon- 
que  des  revendications  1  a  8,  caracterise  en  ce 
que  la  premiere  membrane  (114)  contient  la 
seconde  membrane  (130)  qui  en  est  solidaire,  le 
second  transducteur  etant  excite  separement. 

10.  Haut-parleur  combine  selon  la  revendica- 
tion  1,  caracterise  en  ce  que  la  seconde  mem- 
brane  (30)  est  concentrique  a  la  premiere  mem- 
brane  (14). 

9.  Lautsprecherkombination  nach  einem  der 
Anspriiche  1  bis  8,  dadurch  gekennzeichnet,  dalS 
die  erste  Membran  (114)  als  integralen  Teil  der 
zweite  Membran  (130)  umfalSt,  wobei  der  zweite 
Wandler  separat  angetrieben  wird.  s 

10.  Lautsprecherkombination  nach  Anspruch 
1,  dadurch  gekennzeichnet,  dalS  die  zweite 
Membran  (30)  konzentrisch  zur  ersten  Membran 
(14)  ist. 

10 
Revendications 

1.  Haut-parleur  combine  a  plusieurs  moteurs, 
comprenant  une  premiere  membrane  (14)  ayant 
une  forme  generale  de  cone,  un  premier  moteur  is 
(10,  18,  20)  comprenant  une  structure  a  aimant 
(10)  delimitant  un  entrefer,  une  bobine  mobile 
(20)  disposee  dans  I'entrefer,  et  une  armature 
(18)  de  bobine  mobile  destinee  a  coupler  le 
sommet  de  la  premiere  membrane  au  premier  20 
moteur,  la  bobine  mobile  etant  disposee  sur 
I'armature,  la  premiere  membrane  et  le  moteur 
restituant  efficacement  un  son  dans  la  partie 
inferieure  de  la  gamme  des  audiofrequences,  un 
second  moteur  (38)  comprenant  un  transducteur  25 
piezoelectrique,  et  une  seconde  membrane  (30) 
de  forme  generale  conique,  la  seconde  mem- 
brane  et  le  second  moteur  restituant  efficace- 
ment  le  son  dans  la  partie  superieure  de  la 
gamme  des  audiofrequences,  caracterise  en  ce  30 
que  le  transducteur  piezoelectrique  est  supporte 
a  I'interieur  de  la  membrane  uniquement  par 
fixation  du  transducteur  piezoelectrique  au  som- 
met  de  la  seconde  membrane  et  par  fixation  de 
la  seconde  membrane  a  une  region  interme-  35 
diaire  de  la  premiere  membrane  entre  son  som- 
met  et  sa  partie  interne,  si  bien  que  le  transduc- 
teur  piezoelectrique  se  deplace  avec  la  premiere 
membrane. 

2.  Haut-parleur  combine  selon  la  revendica-  40 
tion  1,  caracterise  en  ce  que  la  premiere  mem- 
brane  delimite  un  premier  axe  autour  duquel  la 
premiere  membrane  est  symetrique  de  fagon 
generale,  la  seconde  membrane  delimite  un 
second  axe  autour  duquel  la  seconde  mem-  45 
brane  est  symetrique  de  fagon  generale,  et  I'an- 
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