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©  Loudspeaker  enclosure  arrangement  for  voice  communication  terminals. 
  The  invention  provides  an  enclosure  arrangement  for  a 
loudspeaker  (10)  adapted  to  be  mounted  in  a  voice  communi- 
cation  terminal.  The  invention  provides  primary  and  secon- 
dary  enclosures  for  the  loudspeaker.  The  primary  enclosure 
comprises  a  piece  of  resilient  open  cell  foam  material  (15) 
having  one  face  provided  with  a  concavity  suitable  for  receiv- 
ing  the  spider  (12)  and  the  voice  coil  structure  (11)  of  the 
loudspeaker  (10).  The  peripheral  edge  of  the  one  face  of  the 
foam  material  (15)  is  secured  to  the  peripheral  edge  (14)  of the 
spider  (12)  and  the  outer  surface  of  the  foam  material  has  a 
flexible  layer  (16)  of  substantially  air-impermeable  material, 
whereby the  loudspeaker  is  provided  with  an  attached  flexible 
enclosure  (33).  The  secondary  enclosure  comprises  the  hous- 
ing  (30)  in  which  the  loudspeaker  is  mounted.  The  flexibility  of 
the  primary  enclosure  allows  energy  to  be  coupled  between 
itself  and  the  secondary  enclosure. 



The  present   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  sound  t r a n s l a t i n g  

dev ices   and  more  p a r t i c u l a r l y   to  l o u d s p e a k e r   enc losure   a r rangements   f o r  

use  in  voice  communication  t e r m i n a l s .  

A  loudspeaker   c o n s i s t s   of  a  voice  coil  or  motor  u n i t  

o p e r a t i n g   an  acous t i c   conical   d iaphragm,   one  side  of  which  acts   on  an 

enc losed   space  known  as  the  l o u d s p e a k e r   e n c l o s u r e .   Since  the  e n c l o s u r e  

p rov ides   an  a c o u s t i c a l   load  on  the  d iaphragm,  the  o p e r a t i n g  

c h a r a c t e r i s t i c s   of  a  loudspeaker   are  i n f l u e n c e d   by  the  a c o u s t i c a l  

p r o p e r t i e s   of  the  enc lo su re .   Through  the  yea r s ,   very  s u b s t a n t i a l   e f f o r t s  

have  been  d i r e c t e d   towards  the  des ign  of  enc lo su re s   for  the  best  p o s s i b l e  

r e p r o d u c t i o n   of  sound,  e s p e c i a l l y   for  s o - c a l l e d   h i g h - f i d e l i t y   e q u i p m e n t .  

In  the  past  few  y e a r s ,   it  has  become  i n c r e a s i n g l y   common  t o  

provide   t e l ecommunica t ion   equipment  and  in  p a r t i c u l a r ,   t e l e p h o n e  

equipment ,   with  the  c a p a b i l i t y   for  h a n d s - f r e e   voice  c o m m u n i c a t i o n .  

S i m i l a r l y ,   combined  v o i c e / d a t a   advanced  t e l e commun ica t i on   t e r m i n a l s   such 

as  Displayphone  ( trademark  of  Nor thern   Telecom)  also  use  a  loudspeaker   t o  

p rovide   hands - f r ee   voice  c o m m u n i c a t i o n .  

However,  a  number  of  p r o b l e m s  a r e   a s s o c i a t e d   with  t h i s  

deve lopment .   In  the  f i r s t   p lace ,   the  l oudspeake r s   are  u s u a l l y   mounted  on 

an  i n s ide   sur face   of  the  housing,   o f t en   in  a  cramped  l o c a t i o n ,   and  t h e  

e n t i r e   u n i t  i n c l u d i n g   a  v a r i e t y   of  e l e c t r o n i c  c i r c u i t r y   t h e r e f o r e   becomes 
f 

a  haphazard  enc losure   for  the  l o u d s p e a k e r .   Secondly,   s ince  th i s   type  o f  

equipment  is  meant  t o ' p r o v i d e   only  voice  communication  as  opposed  t o  

h i g h - f i d e l i t y   music and  s i n c e   m a n u f a c t u r e r s  f i n d   it   d e s i r a b l e   to  min imize  

the  cost  and  size  of  t h e i r   equipment ,   the  loudspeaker   employed  t h e r e i n  

tends  to  be  an  inexpens ive   m i n i a t u r e   unit   having  an  a c c e p t a b l e   f r e q u e n c y  

response  only  in  the  voice  f requency  r a n g e .  



C o n t r i b u t o r s   to  the  marginal   q u a l i t y   of  sound  produced  by 

such  l o u d s p e a k e r   a r rangements   r e s ide   in  the  lack  of  proper  e n c l o s u r e   and 

in  the  e f f e c t   of  l o u d s p e a k e r   cone  resonance  which  r e s u l t s   in  the  u n i t  

g e n e r a t i n g   e x c e s s i v e   a c o u s t i c   output   near  the  lower  end  of  the  v o i c e  

f r equency   spec t rum.   Of  course ,   the  s o l u t i o n   to  t h i s   problem  through  t h e  

use  of  a  custom  des igned   enc losu re   is  e n t i r e l y   f e a s i b l e   but  p r o h i b i t i v e l y  

e x p e n s i v e .  

There  have  been  a t tempts   in  the  past  d i r e c t e d   at  t h e  

m o d i f i c a t i o n   of  a  l o u d s p e a k e r ' s   output  per formance   without   mounting  it  in  

a  proper   e n c l o s u r e .   For  example,  United  S t a t e s   pa tent   No.  3 , 8 3 3 , 0 8 5  

d e s c r i b e s   a  l o w - f r e q u e n c y   l oudspeake r   wherein  the  tendency  to  p r o v i d e  

e x c e s s i v e   midrange  a c o u s t i c   output  was  solved  by  provid ing   the  s p e a k e r  

with  a  c i r c u l a r   disk  of  neoprene  rubber  mounted  ins ide   i t s   c o n i c a l  

d iaphragm.   The  disk  is  a t t a c h e d   a d h e s i v e l y   at  i t s   pe r iphe ry   to  t h e  

diaphragm  at  a  c i r c l e   spaced  inwardly  from  the  outer   pe r iphe ry   of  t h e  

diaphragm  and  at  i t s   c en t e r   to  the  suppor t   dome  for  the  l o u d s p e a k e r .  

Another  method  of  modifying  l oudspeake r   output  response  i s  

d e s c r i b e d   in  United  S t a t e s   pa tent   No.  3 ,324 ,966   which  d i s c l o s e s   t h e  

c o m b i n a t i o n   of  a  l oudspeake r   and  a  p s e u d o - e n c l o s u r e   compris ing  a  pair   o f  

sound  a b s o r b i n g   chambers  i n t e r c o n n e c t e d   by  a  v a l v i n g  a r r a n g e m e n t  i n   t h e  

form  of  a  narrow  c h a n n e l .  

Yet  ano ther   method  of  p rov id ing   an  enc losu re   for  a 

l o u d s p e a k e r   is  d e s c r i b e d   in  U n i t e d  S t a t e s   pa t en t   No.  3 ,720 ,285 .   T h e  

purpose  of  t h i s   device  was  to  r ep lace   the  abso rben t   m a t e r i a l ,   such  as  

g lass   f i b e r ,   which  is  of ten   used  in  e n c l o s u r e s .   The  pa tent   provides   an 

e n c l o s u r e   comprised  of  a  r ig id   foamed  p l a s t i c   ma te r i a l   w h i c h - i s - m o u l d e d  

around  a  l o u d s p e a k e r .   On  cur ing ,   the  skin  of  the  p l a s t i c   sea ls   t h e  



e n c l o s u r e   to  provide  a  r ig id   s e l f - c o n t a i n e d   e n c l o s u r e .   In  a d d i t i o n   to  t h e  

p r a c t i c a l   manufac tu r ing   problems  a s s o c i a t e d   with  such  a  dev i ce ,   t h e  

r e s u l t a n t   enc losu re   i n c r e a s e s   the  low  resonant   f requency   of  t h e  

l o u d s p e a k e r .   That  is  p r e c i s e l y   the  oppos i t e   of  what  the  p re sen t   i n v e n t i o n  

a c h i e v e s .  

As  e f f e c t i v e   as  these   p r io r   art  devices   may  be  for  t h e i r  

i n t ended   purpose,   they  r e p r e s e n t   i n a d e q u a t e ,   expens ive   and  complex 

s o l u t i o n s   to  the  problem  at  hand.  It  is  t h e r e f o r e   an  ob jec t   of  t h i s  

i n v e n t i o n   to  provide  an  economical  and  simple  s o l u t i o n   to  the  problem  of  

shaping  the  f requency  response  of  a  m i n i a t u r e   l oudspeake r   for  use  in  v o i c e  

communicat ion  t e r m i n a l s .  

In  accordance  with  the  i n v e n t i o n ,   the re   is  provided  an 

e l e c t r o - a c o u s t i c   t r a n s d u c e r   for  use  in  voice  communication  t e r m i n a l s  

adapted  to  rece ive   voice  f requency  s i g n a l s .   A  small  l o u d s p e a k e r   has  a 

voice  coil  s t r u c t u r e   and  a  conical   diaphragm  suppor ted  by  a  sp ide r   having  

a  p e r i p h e r a l   edge  de f in ing   the  shape  of  the  l oudspeake r .   A  piece  o f  

r e s i l i e n t   open  cell  foam  mater ia l   having  a  shape  complementary  s imi l a r   t o  

tha t   of  the  loudspeaker   has  one  face  provided  with  a  concav i ty   s u i t a b l e  

for  r e c e i v i n g   the  sp ider   and  the  voice  coil  s t r u c t u r e .   The  edge  of  t h e  

foam  ma te r i a l   is  secured  to  the  p e r i p h e r a l   edge  of  the  sp ide r   and  t h e  

ou te r   su r f ace   of  the  foam  mater ia l   is  covered  with  a  f l e x i b l e   layer   o f  

s u b s t a n t i a l l y   a i r - impe rmeab l e   ma te r i a l   thereby  p rov id ing   the  l o u d s p e a k e r  

with  an  a t t a ched   f l e x i b l e   back  cav i ty   e n c l o s u r e .  

It  is  also  an  objec t   of  the  inven t ion   to  p r o v i d e  

l o u d s p e a k e r s   used  I n v o i c e   communication  t e r m i n a l s   w i th  an   improved 

e n c l o s u r e   a r rangement .   This  is  achieved  by  providing  the  loudspeaker   w i t h  

a  primary  enc losure   which  comprises  an  a t tached   f l e x i b l e   e n c l o s u r e   and  a 



seconda ry   e n c l o s u r e   which  c o n s i s t s   of  the  t e rmina l   hous ing .   The  f l e x i b l e  

e n c l o s u r e   is  e f f e c t i v e   to  smooth  out  the  f requency   response  and  to  remove 

the  low  f requency   peak  due  to  the  resonant   f requency   of  the  l o u d s p e a k e r .  

This  is  achieved  wi thout   unduly  a f f e c t i n g   the  normal  low  f r e q u e n c y  

r e sponse   of  the  l o u d s p e a k e r .  

The  i n v e n t i o n   t h e r e f o r e   provides   an  economical  e n c l o s u r e  

a r r a n g e m e n t   for  a  piece  of  t e l e c o m m u n i c a t i o n   equipment  wherein  t h e  

r e sponse   peak  due  to  the  r e s o n a n t   f requency  of  the  l oudspeake r   i s  

s u b s t a n t i a l l y   e l i m i n a t e d   and  in  which  the  overa l l   f r equency   response  i s  

improved.   Since  the  e n c l o s u r e   is  small  and  f l e x i b l e ,   the  unit   may  be 

f i t t e d   in  a  cramped  l o c a t i o n   of  a  piece  of  e q u i p m e n t .   In  a d d i t i o n ,   t h e  

l o u d s p e a k e r   will  ope ra t e   a c c e p t a b l y   even  if  a  p o r t i o n   of  the  f l e x i b l e  

e n c l o s u r e   is  deformed  s l i g h t l y   aga in s t   an  ad j acen t   component  or  if  t h e  

e n c l o s u r e   is  shaped  to  match  i t s   mounting  s p a c e .  

An  example  embodiment  of  the  i n v e n t i o n   will   now  be  d e s c r i b e d  

in  c o n j u n c t i o n   with  the  drawings  in  which :  

Figure  1  is  a  p a r t l y   s e c t i o n a l   view  of  an  e l e c t r o - a c o u s t i c  

t r a n s d u c e r   in  accordance  with  the  i n v e n t i o n ;  

Figure  2  is  a  g r aph ica l   diagram  i l l u s t r a t i n g   a  t y p i c a l  

f r equency   response  for  the  t r a n s d u c e r   of  f i gu re   1;  and 

Figure  3  is  a  s ide   view,  p a r t l y   in  c r o s s - s e c t i o n ,   of  an 

e n c l o s u r e   ar rangement   in  acco rdance   with  the  i n v e n t i o n .  

Figure   1 shows  a  m i n i a t u r e   l oudspeake r   10  i n c l u d i n g   a  v o i c e  

coi l   s t r u c t u r e   11,  and  a  s p i d e r   12  suppor t i ng   a  conica l   a c o u s t i c   d iaphragm 

13.  Such  loudspeaker s   are  a v a i l a b l e   as  commercial  o f f - t h e - s h e l f   items  and 

may  be  c i r c u l a r   or  r e c t a n g u l a r   in  shape.  Common  n o m i n a l  s i z e s   for  t h e s e  

l o u d s p e a k e r s   are  about  21  inches   in  d iameter   or  21  inches  by  3  inches .   A 



p e r i p h e r a l   edge  14  of  the  sp ider   12  d e f i n e s   the  pe r ime te r   and  shape  of  t h e  

l o u d s p e a k e r   10 .  

Shown  in  c r o s s - s e c t i o n   is  a  piece  of  f l e x i b l e   foam  m a t e r i a l  

15  having  an  open  cell  or  a i r - p e r m e a b l e   c o n s t r u c t i o n .   The  foam  m a t e r i a l  

has  a  shape  c o m p l e m e n t a r y  s i m i l a r   to  t ha t   of  the  l oudspeake r ;   t h a t   is,   i t  

is  e i t h e r   c i r c u l a r   or  r e c t a n g u l a r   and  is  provided  with  an  opening  at  i t s  

approximate   geomet r ica l   cen te r   as  well  as  a  conical   depress ion   to  a l l o w  

c l o s e - f i t t i n g   engagement  with  the  voice  coil  s t r u c t u r e   11  and  the  s p i d e r  

12.  For  a  c i r c u l a r   l o u d s p e a k e r ,   the  foam  m a t e r i a l   is  thus  somewhat 

donu t - shaped .   Of  course ,   it  should  be  r e a l i z e d   tha t   the  p rov i s ion   of  a 

c o n i c a l  d e p r e s s i o n   or  concavi ty   is  not  u s u a l l y   necessa ry   a s  t h e   foam  w i l l  

compress  e a s i l y   to  adapt  to  the  contour   of  the  sp ider   without  u n d u l y  

a f f e c t i n g   the  response  of  the  l o u d s p e a k e r .   Foam  mater ia l   s u i t a b l e   t o  

r e a l i z e   the  i n v e n t i o n   is  commercial ly   a v a i l a b l e   from  v a r i o u s  

m a n u f a c t u r e r s .   Its  basic  requ i rements   are  f l e x i b i l i t y ,   open  c e l l  

s t r u c t u r e   and  small  pore  s ize  to  provide  maximum  sound  energy  a b s o r p t i o n  

in  minimum  weight  and  t h i c k n e s s .  

The  outer  edge  of  the  foam  m a t e r i a l   is  a d h e s i v e l y   secured  t o  

the  p e r i p h e r a l   edge  14  of  the  loudspeaker   10.  Of  course ,   it  is  e n t i r e l y  

p o s s i b l e   to  mechan ica l ly   secure  the  foam  ma te r i a l   to  the  pe r iphe ra l   edge  

14  such  as  by  using  a  cont inuous   c l ip   along  the  edge  14.  In  any  case,   t h e  

j o i n t   between  the  foam  mater ia l   15  and  the  sp ide r   12  should  p r e f e r a b l y   be 

a i r - i m p e r m e a b l e .  

The  outer   sur face   of  the  foam  ma te r i a l   15  is  covered  by  a 

f l e x i b l e   layer   16  of  a i r - impermeab le   ma te r i a l   which  seals   the  pores  of  t h e  

foam  mater ia l   15.  Various  rubber  pa in ts   and  compounds  as  wel l   as  some 

v a r n i s h e s   are  i d e a l l y   su i ted   to  the  t a sk .   Of  course ,   the  s ea l ing   m a t e r i a l  



and  the  foam  m a t e r i a l   must  be  chemica l ly   compa t ib l e .   For  example ,  

s i l i c o n e   r u b b e r   compounds  have  been  found  to  be  i d e a l l y   su i t ed   as  s e a l i n g  

m a t e r i a l s .  

The  volume  enc losed   by  the  f l e x i b l e   l aye r   16  thus  becomes 

the  p r imary   e n c l o s u r e   f o r  l o u d s p e a k e r   10.  The  e f f i c i e n c y   of  the  e n c l o s u r e  

may  be  i n c r e a s e d   by  c lo s ing   the  c i r c u l a r   opening  at  the  c e n t e r   of  the  foam 

m a t e r i a l   15.  This  may  be  ach ieved   by  a d h e s i v e l y   s e c u r i n g   a  c i r c u l a r   p i e c e  

of  a i r - i m p e r m e a b l e   ma te r i a l   17  over  the  opening.   Of  cou r se ,   the  piece  17 

should  be  of  a  s ize  adequate   to  seal  the   opening  and  may  c o n v e n i e n t l y   be 

made  of  ABS  ( A c r y l o n i t r i l e - B u t a d i n e - S t y r e n e )   p l a s t i c .   A l t e r n a t e l y ,   t h e  

opening  may  be  s e a l e d  s i m p l y   with  paper ,   c lo th   or  p l a s t i c   adhesive   t a p e .  

It  should   be  r e a l i z e d ,   t ha t   a  complete   enc losu re   may  a lso   be  c rea ted   by 

using  a  t h i c k e r   piece  of  foam  m a t e r i a l   15  such  tha t   a  con t inuous   skin  o r  

s e a l i n g   l a y e r   may  be  o b t a i n e d .   However,  the  donu t - shaped   foam  m a t e r i a l  

lends  i t s e l f   to  advantageous   methods  of  manufac ture   as  well  as  r e s u l t i n g  

in  a  more  compact  u n i t .  

Figure   2  is  a  g r aph ica l   r e p r e s e n t a t i o n   of  the  improved 

p e r f o r m a n c e   of  the  t r a n s d u c e r   of  the  i n v e n t i o n .   Waveform  20  r e p r e s e n t s   a 

nominal  f r e q u e n c y   response  c h a r a c t e r i s t i c s   for  a  small  u n m o d i f i e d  

l o u d s p e a k e r   mounted  in  a  t y p i c a l   housing  of  a  voice  t e r m i n a l .   It  is  seen  

t h a t   the  l o u d s p e a k e r   gene ra t e s   e x c e s s i v e   a c o u s t i c   output   from  about  200  t o  

650  h e r t z   as  well  as  a  v a r i e t y   of  o ther   more  minor  v a r i a t i o n s   across   t h e  

voice   f r e q u e n c y   spectrum.  These  v a r i a t i o n s   are  due  p a r t l y   to  the  r e s o n a n t  

f r e q u e n c y   of  the  loudspeaker   and  p a r t l y   to  i n t e r n a l   housing  r e f l e c t i o n s  

due  to  the   lack  of  a  proper  e n c l o s u r e   for  the  l o u d s p e a k e r .   Waveform  21 

i l l u s t r a t e s   the  smoothing  e f f e c t   provided  by  the  e n c l o s u r e   arrangement  o f  

the  i n v e n t i o n .   The  resonant   f requency   e f f e c t s   are  c a n c e l l e d   and  t h e  



e f f e c t s   of  housing  r e f l e c t i o n s   are  s u b s t a n t i a l l y   minimized  wi thout   undu ly  

a f f e c t i n g   the  low  f requency  response  of  the  s p e a k e r .  

Waveform  22  i l l u s t r a t e s   the  speaker   response  tha t   might  be 

expected   if  the  primary  enc losure   was  made  of  r ig id   m a t e r i a l .   The 

u n d e s i r a b l e   400  her tz   peak  is  e l i m i n a t e d ,   but  at  the  expense  of  m u t i l a t i n g  

the  low  f requency   response  of  the  s p e a k e r .  

The  p r o v i s i o n   of  a  primary  e n c l o s u r e   having  a  f l e x i b l e   o u t e r  

layer   ensures   tha t   there   is  energy  coupl ing   between  the  primary  and 

secondary  e n c l o s u r e s .   Of  course,   the  amount  of  coupl ing  v a r i e s  i n  

accordance  with  the  degree  of  f l e x i b i l i t y   of  the  s ea l i ng   l a y e r .   The 

amount  of  coupl ing   may  te  f u r t he r   i n c r e a s e d   by  p rov id ing   the  s e a l i n g   l a y e r  

with  one  or  more  b r e a t h e r   holes  as  i n d i c a t e d   at  18.  I n c r e a s i n g   the  s i z e  

of  the  h o l e ( s )   or  the  f l e x i b i l i t y   of  the  s e a l i n g   layer   i n c r e a s e s   the  low 

f requency  response   of  the  t r a n s d u c e r .   Of  course ,   the  amount  of  c o u p l i n g  

requ i red   is  dependent   on  the  loudspeaker   c h a r a c t e r i s t i c s   and  may  be 

determined  with  a  minimal  amount  of  e x p e r i m e n t a t i o n .  

F igure   3  i l l u s t r a t e s   an  enc lo su re   arrangement   in  a c c o r d a n c e  

with  the  i n v e n t i o n .   There  is  shown  a  t yp i ca l   voice  communication  t e r m i n a l  

compris ing  a  housing  30  which  con ta ins   a  v a r i e t y   of  e l e c t r o n i c   components  

31,  a  CRT  32  and  an  e l e c t r o - a c o u s t i c   t r a n s d u c e r   33  having  a  c o n s t r u c t i o n  

as  shown  in  f i g u r e   1.  The  a t tached   f l e x i b l e   enc losu re   of  t r a n s d u c e r   33 

provides   a  primary  enc losure   which  is  energy  coupled  to  a  s e c o n d a r y  

enc losu re   formed  by  the  i n t e r i o r   volume  of  housing  30.  

It  is  seen  t h e r e f o r e   tha t   the  i nven t ion   provides   a 

loudspeaker   having  an  improved  f requency  response  c h a r a c t e r i s t i c .   Because  

o f   i ts   compact  s ize   and  i ts   f l e x i b l e   s e l f - c o n t a i n e d   e n c l o s u r e ,   t h e  

t r a n s d u c e r   may  be  f i t t e d   in  a  c o n s t r a i n e d   l o c a t i o n   of  a  communica t ion  



t e r m i n a l .   The  f l e x i b l e   e n c l o s u r e   may  be  deformed  s l i g h t l y   without   c a u s i n g  

the  response   of  the  l o u d s p e a k e r   to  be  g r e a t l y   a f f e c t e d .   S i m i l a r l y ,   if  i t  

should   be  neces sa ry   due  to  space  r e s t r i c t i o n s ,   it  is  e n t i r e l y   p o s s i b l e   t o  

shape  the  primary  e n c l o s u r e   such  as  by  c u t t i n g   off  a  small  p o r t i o n .   F o r  

example,   the  volume  e n c l o s e d   wi th in   the  l ine   A-A  ( f i g .   1)  and  the  o u t e r  

s u r f a c e   16  of  the  e n c l o s u r e   may  simply  be  removed.  Of  course ,   the  newly 

exposed  s u r f a c e   of  foam  m a t e r i a l   15  would  then  have  to  be  r e - s e a l e d   a s  

with  s i l i c o n e   r u b b e r .  



1.  An  e l e c t r o - a c o u s t i c   t r a n s d u c e r   compr i s ing ,   a  sma l l  

l o u d s p e a k e r   (10)  having  a  voice  coil  s t r u c t u r e   (11)  and  a  c o n i c a l  

diaphragm  (13)  suppor t ed   by  a  sp ide r   (12)  having  a  p e r i p h e r a l   edge  ( 14 )  

d e f i n i n g   the  shape  of  the  l o u d s p e a k e r  ( 1 0 ) ,   a  piece  of  r e s i l i e n t   open  c e l l  

foam  ma te r i a l   (15)  having  a  shape  complementary  s i m i l a r   to  tha t   of  t h e  

l o u d s p e a k e r   (10)  and  i n c l u d i n g   an  opening  at  i t s   approximate   g e o m e t r i c a l  

c e n t e r   to  permit  c l o s e - f i t t i n g   engagement  with  said  voice  coil  s t r u c t u r e  

(11)  and  means  for  s ecu r ing   the  p e r i p h e r a l   edge  of  one  face  of  said  foam 

m a t e r i a l   (15)  to  said  p e r i p h e r a l   edge  (14)  of  the  s p i d e r ,   the  o u t e r  

s u r f a c e   of  the  foam  ma te r i a l   (15)  being  covered  with  a  f l e x i b l e   l ayer   ( 1 6 )  

of  s u b s t a n t i a l l y   a i r - i m p e r m e a b l e   m a t e r i a l ,   t h e r eby   p rov id ing   t h e  

l o u d s p e a k e r   with  an  a t t a c h e d   f l e x i b l e   e n c l o s u r e .  

2.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   de f ined   in  claim  1  and 

f u r t h e r   compris ing  a  piece  of  a i r - i m p e r m e a b l e   m a t e r i a l   (17)  of  a  size  a t  

l e a s t   m a r g i n a l l y   l a r g e r   than  said  opening,   the  ma te r i a l   being  a d h e s i v e l y  

secured   to  said  foam  ma te r i a l   to  e f f e c t i v e l y   seal  said  o p e n i n g .  

3.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   de f ined   in  claim  2 

wherein  the  ma te r i a l   (17)  is  a  thin  disk  of  ABS  p l a s t i c .  

4.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   def ined   in  claim  2 

wherein  the  outer   f l e x i b l e   layer  of  the  e n c l o s u r e   is  provided  with  a t  

l e a s t   one  energy  coupl ing   hole  ( 1 8 ) .  



5.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   def ined   in  claim  1 

wherein   sa id   one  face  of  the  foam  ma te r i a l   (15)  is  also  provided  with  a 

con ica l   c o n c a v i t y   s u i t a b l e   for  accommodating  said  s p i d e r .  

6.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   de f ined   in  claim  1 

wherein   sa id   foam  m a t e r i a l   (15)  is  a d h e s i v e l y   secured   to  said  p e r i p h e r a l  

e d g e .  

7.  An  e l e c t r o - a c o u s t i c   t r a n s d u c e r   compr i s ing ,   a  sma l l  

l o u d s p e a k e r   (10)  having  a  voice  coil  s t r u c t u r e   (11)  and  a  c o n i c a l  

diaphragm  (13)  s u p p o r t e d   by  a  sp ider   (12)  having  a  p e r i p h e r a l   edge  ( 1 4 )  

d e f i n i n g   the  shape  of  the  l oudspeaker   (10) ,   a  p iece   of  r e s i l i e n t   open  c e l l  

foam  m a t e r i a l   (15)  having  a  shape  complementary  s i m i l a r   to  tha t   of  t h e  

l o u d s p e a k e r   (10),   one  face  of  the  foam  m a t e r i a l   (15)  having  a  c o n c a v i t y  

s u i t a b l e   for  r e c e i v i n g   said  sp ide r   (12)  and  said  voice  coil  s t r u c t u r e   ( 1 1 )  

and  means  for  s e c u r i n g   the  p e r i p h e r a l   edge  of  said  one  face  of  the  foam 

m a t e r i a l   (15)  to  said  p e r i p h e r a l   edge  (14),   the  ou te r   su r face   of  the  foam 

m a t e r i a l   (15)  being  covered  with  a  f l e x i b l e   l aye r   (16)  of  s u b s t a n t i a l l y  

a i r - i m p e r m e a b l e   m a t e r i a l   whereby  the  l oudspeake r   is  provided  with  an 

a t t a c h e d   f l e x i b l e   e n c l o s u r e .  

8.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   def ined  in  claim  7 

wherein   the  ou te r   f l e x i b l e   l ayer   (16)  of  the  e n c l o s u r e   is  provided  with  a t  

l e a s t   one  energy  coup l ing   hole  ( 1 8 ) .  

9.  The  e l e c t r o - a c o u s t i c   t r a n s d u c e r   def ined  in  c l a i m  7  

where in   sa id   foam  m a t e r i a l   (15)  is  a d h e s i v e l y   secured   to  said  p e r i p h e r a l  

edge  ( 1 4 ) .  



10.  An  e n c l o s u r e   a r rangement   for  a  l o u d s p e a k e r   adapted  to  be 

mounted  in  the  housing  (30)  of  a  voice  communication  t e r m i n a l ,   c o m p r i s i n g ,  

a  pr imary  enc lo su re   compr is ing   a  small  f l e x i b l e   e n c l o s u r e   (33)  a t t a c h e d   t o  

the  l o u d s p e a k e r ,   and  a  secondary   e n c l o s u r e   compris ing  the  housing  (30)  i n  

which  the  l o u d s p e a k e r  a n d   i t s   a t t a c h e d   primary  e n c l o s u r e   are  mounted,  t h e  

f l e x i b i l i t y   of  the  primary  e n c l o s u r e   a l lowing  i n t e r a c t i o n   between  i t s e l f  

and  the  secondary  e n c l o s u r e .  

11.  An  e n c l o s u r e   a r rangement   for  a  l o u d s p e a k e r   (10)  a d a p t e d  

to  be  mounted  in  the  housing  (30)  of  a  voice  communication  t e r m i n a l ,   t h e  

l o u d s p e a k e r   (10)  i n c l u d i n g   a  voice  coil  s t r u c t u r e   (11)  and  a  s p i d e r   (12)  

s u p p o r t i n g   a  diaphragm  (13),   the  a r rangement   compr i s ing :   a  p r i m a r y  

e n c l o s u r e   compris ing  a  piece  of  r e s i l i e n t   open  cell   foam  m a t e r i a l   (15)  

having  an  opening  at  i t s   approx imate   geometr ica l   c e n t e r   to  p e r m i t  

c l o s e - f i t t i n g   engagement  with  said  voice  coil  s t r u c t u r e   (11) ,   t h e  

p e r i p h e r a l   edge  of  one  face  of  the  foam  mater ia l   being  secured  to  t h e  

p e r i p h e r a l   edge  (14)  of  the  sp ide r   (12)  and  the  outer   s u r f a c e   of  the  foam 

m a t e r i a l   having  a  f l e x i b l e   l ayer   (16)  of  s u b s t a n t i a l l y   a i r - i m p e r m e a b l e  

m a t e r i a l   whereby  the  l o u d s p e a k e r   is  provided  with  an  a t t a c h e d   f l e x i b l e  

e n c l o s u r e   (33),   the  secondary  enc lo su re   comprising  t h e  h o u s i n g   (30)  i n  

which  the  loudspeaker   and  the  a t t a c h e d   primary  enc lo su re   (33)  are  mounted ,  

the  f l e x i b i l i t y   of  the  primary  e n c l o s u r e   al lowing  i n t e r a c t i o n   between 

i t s e l f   and  the  secondary  e n c l o s u r e .  

12.  The  e n c l o s u r e   a r rangement   def ined  in  claim  11  w h e r e i n  

the  opening  in  the  f l e x i b l e   primary  enc losure   is  s e a l e d  w i t h   a  piece  o f  

a i r - i m p e r m e a b l e   mate r ia l   (17)  a d h e s i v e l y   secured  to  the  foam  m a t e r i a l .  



13.  The  e n c l o s u r e   ar rangement   de f ined   in  claim  12  w h e r e i n  

the  f l e x i b l e   layer   (16)  of  the  primary  e n c l o s u r e   is  provided  with  at  l e a s t  

one  energy  coupl ing   hole  ( 1 8 ) .  

14.  The  e n c l o s u r e   arrangement   de f ined   in  claim  11  w h e r e i n  

the  foam  ma te r i a l   (15)  of  the  primary  enc lo su re   is  a d h e s i v e l y   secured  t o  

sa id   p e r i p h e r a l   edge  ( 1 4 ) .  

15.  The  e n c l o s u r e   ar rangement   de f ined   in  claim  11  w h e r e i n  

sa id   one  face  of  the  foam  ma te r i a l   is  also  provided  with  a  c o n i c a l  

c o n c a v i t y   s u i t a b l e   for  accommodating  said  s p i d e r .  

16.  An  e n c l o s u r e   ar rangement   for  a  l oudspeake r   (10)  a d a p t e d  

to  be  mounted  in  the  housing  (30)  of  a  voice  communicat ion  t e r m i n a l ,   t h e  

l o u d s p e a k e r   (10)  i n c l u d i n g   a  voice  coil  s t r u c t u r e   (11)  and  a  sp ider   ( 1 2 )  

s u p p o r t i n g   a  diaphragm  (13),   the  ar rangement   compr i s ing :   a  p r i m a r y  

e n c l o s u r e   compr is ing   a  p iece   of  r e s i l i e n t   open  cel l   foam  mater ia l   ( 1 5 )  

having  one  face  p rovided   with  a  concav i ty   s u i t a b l e   for  r e ce iv ing   t h e  

s p i d e r   (12)  and  the  voice  coil  s t r u c t u r e   (11)  of  the  loudspeaker   (10) ,   t h e  

p e r i p h e r a l   edge  of  said  one  face  of  the  foam  m a t e r i a l   being  secured  to  t h e  

p e r i p h e r a l   edge  (14)  of  the  sp ide r   (12)  and  the  ou te r   su r face   of  the  foam 

m a t e r i a l   (15)  having  a  f l e x i b l e   layer   (16)  of  s u b s t a n t i a l l y  

a i r - i m p e r m e a b l e   m a t e r i a l   whereby  the  l oudspeake r   is  provided  with  an 

a t t a c h e d   f l e x i b l e   e n c l o s u r e ,   the  secondary  e n c l o s u r e   compris ing  t h e  

housing  (30)  in  which  the  loudspeaker   and  the  a t t a c h e d   primary  e n c l o s u r e  

are  mounted,  the  f l e x i b i l i t y   of  the  primary  e n c l o s u r e   a l lowing  i n t e r a c t i o n  

between  i t s e l f   and  the  secondary  e n c l o s u r e .  



17.  The  e n c l o s u r e   a r rangement   def ined  in  claim  16  w h e r e i n  

the  ou te r   f l e x i b l e   l ayer   of  the  pr imary  enc losu re   is  provided  with  a t  

l e a s t   one  energy  coupl ing   hole  ( 1 8 ) .  

18.  The  e n c l o s u r e   a r rangement   def ined  in  claim  16  w h e r e i n  

the  foam  mate r ia l   (15)  of  the  primary  enc losure   is  a d h e s i v e l y   secured  t o  

the  p e r i p h e r a l   edge  (14)  of  the  sp ide r   ( 1 2 ) .  
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