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@  Loudspeaker  cabinets. 
©  A  loudspeaker  cabinet  has  walls  (10,12,16,18)  made  of  a 
material  having  a  high  stiffness-to-mass  ratio,  for  example  a 
metal  honeycomb  structure  material,  and  the  enclosure  is 
filled  or  partially  filled  with  a  sound-absorbing  material  (30) 
which  has  different  sound-absorbing  properties  as  one 
moves  further  away  from  the  drive  unit  (29).  This  graded 
absorbing  material  (30)  can  be  layers  or  blocks  of  foam 
plastics  material,  fiberglass,  etc.  Preferably,  it  is  lightly 
absorbent  adjacent  to  the  drive  unit  (29)  and  strongly 
absorbent  nearer  the  walls. 

16  FIG.3  

Q. 
Hi 

Croydon  Printing  Company  Ltd. 

  A  loudspeaker  cabinet  has  walls  (10,12,16,18)  made  of  a 
material  having  a  high  stiffness-to-mass  ratio,  for  example  a 
metal  honeycomb  structure  material,  and  the  enclosure  is 
filled  or  partially  filled  with  a  sound-absorbing  material  (30) 
which  has  different  sound-absorbing  properties  as  one 
moves  further  away  from  the  drive  unit  (29).  This  graded 
absorbing  material  (30)  can  be  layers  or  blocks  of  foam 
plastics  material,  fiberglass,  etc.  Preferably,  it  is  lightly 
absorbent  adjacent  to  the  drive  unit  (29)  and  strongly 
absorbent  nearer  the  walls. 



T h i s   i n v e n t i o n   r e l a t e s   to   l o u d s p e a k e r   c a b i n e t s .  

Many  d i f f e r e n t   d e s i g n s   of  l o u d s p e a k e r   c a b i n e t  

have   b e e n   p r o p o s e d   w i t h   a  v i e w   to  r e d u c i n g   t h e   e f f e c t  

of  r e s o n a n c e s .   I t   is   known  f o r   e x a m p l e   t h a t   w h e n  

c o n s i d e r i n g   t he   r i g i d i t y   of  a  s p e a k e r   c a b i n e t   one  m u s t  

t a k e   i n t o   a c c o u n t   b e n d i n g   r e s o n a n c e s   and  a l s o   r e s o n a n c e  

e f f e c t s   r e s u l t i n g   f rom  t he   i n t e r a c t i o n   of  t h e   mass   o f  

t h e   p a n e l s   and  the   c o m p l i a n c e   of  t he   e n c l o s e d   v o l u m e  

of  a i r .   I t   is   known  t h a t   one  way  to  r a i s e   t h i s  

r e s o n a n c e   in  f r e q u e n c y   is   to  r e d u c e   t h e   mass   of  t h e  

p a n e l s   f rom  wh ich   t h e   c a b i n e t   is   made .   A t t e m p t s   h a v e  

b e e n   made  to  f i n d   p a n e l s   w h i c h   a r e  b o t h   l i g h t e r   a n d  

s t i f f e r   t h a n   wood.  One  p r o p o s a l   w h i c h   has   been   m a d e ,  

as  m e n t i o n e d   f o r   e x a m p l e   in  " H i - F i  A n s w e r s " ,   J u l y   1 9 8 2 ,  

is   to  use   p a n e l s   of  a  s a n d w i c h   c o n s t r u c t i o n ,   s i m i l a r   t o  

t h a t   u s e d   f o r   a i r c r a f t   p a n e l s .   S u c h  s a n d w i c h e s  



c o m p r i s e   two  t h i n   s h e e t s   of  a l u m i n i u m   or  a l u m i n i u m   a l l o y  

s e p a r a t e d   by  an  a l u m i n i u m   or  a l u m i n i u m   a l l o y   h o n e y c o m b  

s t r u c t u r e .   P a n e l s   made  f rom  s u c h   s a n d w i c h   m a t e r i a l  

have   an  e x t r e m e l y   h i g h   s t i f f n e s s   to   mass   r a t i o ,   and  i n  

t h e o r y   a r e   t h e r e f o r e   w e l l - s u i t e d   f o r   u s e   as  p a n e l s   f o r  

a  l o u d s p e a k e r   c a b i n e t .   H o w e v e r ,   i t   has   p r e v i o u s l y   b e e n  

c o n s i d e r e d   t h a t   s a n d w i c h - t y p e   m a t e r i a l ,   a l t h o u g h   h a v i n g  

a  h i g h   s t i f f n e s s   to   mass   r a t i o ,   p e r f o r m s   l e s s   w e l l   t h a n  

c h i p b o a r d   p a n e l s   when  one  c o n s i d e r s   t h e   e f f e c t   known  a s  

c r i t i c a l   f r e q u e n c y .   Above  a  p a r t i c u l a r  f r e q u e n c y ,   k n o w n  

as  t he   c r i t i c a l   f r e q u e n c y ,   a  p a n e l   b e c o m e s   s u b s t a n t i a l l y  

t r a n s p a r e n t   to  s o u n d ,   and  a t   f r e q u e n c i e s   a b o v e   t h i s  

c r i t i c a l   f r e q u e n c y   t h e   p a n e l s   of  t h e   l o u d s p e a k e r   c a b i n e t  

a l l o w   s o u n d   to   e s c a p e   t h r o u g h   t h e   p a n e l s .   T h i s   c a n  

c a u s e   c o l o u r a t i o n   of  t h e   s o u n d   f o r   e x a m p l e .   C o n s e -  

q u e n t l y ,   b e c a u s e   of  t h i s   l o w e r i n g   -of  t h e   c r i t i c a l   f r e -  

q u e n c y ,   and  a l s o   b e c a u s e   of  t h e   c o n s i d e r a b l e   c o s t   of  t h e  

b a s i c   s a n d w i c h   m a t e r i a l ,   t h e   u se   of  s u c h   m a t e r i a l   f o r   t h e  

p a n e l s   of  l o u d s p e a k e r   c a b i n e t s   has   b e e n   e f f e c t i v e l y  

d i s m i s s e d .  

The  p r e s e n t   i n v e n t i o n   i s   b a s e d   upon  t h e   d i s c o v e r y  

t h a t   t he   p r o b l e m   of  c r i t i c a l   f r e q u e n c y   can  be  o v e r c o m e ,  

u s i n g   p a n e l   m a t e r i a l   h a v i n g   a  h i g h   s t i f f n e s s   to  m a s s  

r a t i o ,   i f   one  i n c l u d e s   a c o u s t i c   a b s o r b i n g   means   a r r a n g e d  

a p p r o p r i a t e l y   w i t h i n   t h e   c a b i n e t .  

I t   i s   of  c o u r s e   w e l l - k n o w n   t o  p r o v i d e   s o u n d -  

a b s o r b i n g   m a t e r i a l   w i t h i n   a  l o u d s p e a k e r   c a b i n e t .   C o n -  

v e n t i o n a l l y ,   t h i s   i s   a c h i e v e d   by  f i l l i n g   t he   c a b i n e t  

e n c l o s u r e   w i t h   f i b r e g l a s s   f o r   e x a m p l e ,   or  by  l i n i n g   t h e  

c a b i n e t   w a l l s .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   t h e r e  i s  

p r o v i d e d   a  l o u d s p e a k e r   c a b i n e t   c o m p r i s i n g   w a l l s  o f  a  

m a t e r i a l   h a v i n g   a  h i g h   s t i f f n e s s   to  mass   r a t i o  a t   l e a s t  

one  d r i v e   u n i t ,   and  s o u n d - a b s o r b i n g   means   w i t h i n   t h e  

e n c l o s u r e   d e f i n e d   by  t h e   w a l l s ,   s a i d   s o u n d   - a b s o r b i n g  



means   b e i n g   of  a  c o m p o s i t i o n   a n d / o r   so  a r r a n g e d   t h a t   i t s  

s o u n d - a b s o r b i n g   p r o p e r t i e s   d i f f e r   in  d e p e n d e n c e   on  i t s  

p o s i t i o n   in  t h e   c a b i n e t .  

The  e f f e c t   of  t h e   s o u n d - a b s o r b i n g   means   i s   t o  

o v e r c o m e ,   or   a t   l e a s t   s u b s t a n t i a l l y   r e d u c e ,   t h e   a d v e r s e  

e f f e c t   of  c r i t i c a l   f r e q u e n c y ,   and  to   b a l a n c e   t h e   e f f e c t s  

of  r e f l e c t i o n   and  a b s o r p t i o n   of  s o u n d   and  t h u s   a v o i d   o r  

r e d u c e   t h e   t r a n s p a r e n c y   of  t h e   c a b i n e t   to  s o u n d .  

P r e f e r a b l y ,   t he   s o u n d - a b s o r b i n g   means   c o m p r i s e s  

foam  m a t e r i a l   p o s i t i o n e d   w i t h i n   t h e   c a b i n e t .   The  s o u n d -  

a b s o r b i n g   means   may  be  p o s i t i o n e d   s i m p l y   a r o u n d   t h e   d r i v e  

u n i t   or  d r i v e   u n i t s ,   or  a l t e r n a t i v e l y ,   may  be  d e s i g n e d  

s u b s t a n t i a l l y   to  f i l l   t h e   c a b i n e t   e n c l o s u r e .  

The  a b s o r b i n g   m a t e r i a l   f o r m s   an  a c o u s t i c   " w e d g e " ,  

i . e .   is   a c o u s t i c a l l y   g r a d e d   so  t h a t   i t s   f r e q u e n c y   a b s o r p -  

t i o n   c h a r a c t e r i s t i c s   g r a d u a l l y   c h a n g e   as  one  m o v e s  

f u r t h e r   away  f rom  t h e   d r i v e   u n i t   or  u n i t s .  

V a r i o u s   a l t e r n a t i v e   e m b o d i m e n t s   of  l o u d s p e a k e r  

c a b i n e t   c o n s t r u c t i o n   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n  

w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e ,   and  w i t h   r e f e r -  

e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  l o n g i t u d i n a l   v i e w ,   p a r t l y   in  s e c t i o n ,  

t a k e n   down  t h r o u g h   the   c e n t r e   of  a  l o u d s p e a k e r   c a b i n e t ,  

i l l u s t r a t i n g   t h e   use  of  a  h o n e y c o m b   s a n d w i c h   s t r u c t u r e  

f o r   t h e   p a n e l s ,   b u t   no t   s h o w i n g   t h e   i n t e r n a l   s o u n d -  

a b s o r b i n g   m e a n s ;  

F i g .   2  i s   a  s c h e m a t i c   s i d e   v i ew   of  a  l o u d s p e a k e r  

c a b i n e t ,   p a r t l y   in  s e c t i o n ,   and  s h o w i n g   one  c o n f i g u r a t i o n  

of  s o u n d - a b s o r b i n g   m a t e r i a l   w i t h i n   t he   c a b i n e t   e n c l o s u r e ;  

F i g .   3  shows  an  a l t e r n a t i v e   d i s p o s i t i o n   of  t h e  

s o u n d - a b s o r b i n g   m a t e r i a l   a r o u n d   a  d r i v e   u n i t   w i t h i n   t h e  

c a b i n e t   e n c l o s u r e ;   a n d ,  

F i g .   4  shows  a  f u r t h e r   a l t e r n a t i v e   c o n f i g u r a t i o n  
of  s o u n d - a b s o r b i n g   m a t e r i a l   f o r   use  w i t h i n   t he   c a b i n e t  

e n c l o s u r e .  



R e f e r r i n g   f i r s t   to   F i g .   1,  t h e   l o u d s p e a k e r  

c a b i n e t   i s   shown  as  c o m p r i s i n g   a  t o p   p a n e l   10,   a  r e a r  

p a n e l   12,   two  s i d e   p a n e l s   (one  of  w h i c h   i s   shown  a t   1 4 ) ,  

a  b a s e   16  and  a  f r o n t   p a n e l   18.  As  i s   i n d i c a t e d   a t   2 0 ,  

a l l   t h e   p a n e l s   a r e   made  of  a  s a n d w i c h   m a t e r i a l   h a v i n g   a  

h i g h   s t i f f n e s s   to   mass   r a t i o .   One  s u c h   m a t e r i a l   w h i c h  

i s   s u i t a b l e   f o r   use   i s   a  s a n d w i c h   c o m p r i s i n g   two  s h e e t s  

of   a l u m i n i u m   or   a l u m i n i u m   a l l o y   f i l l e d   w i t h   a  h o n e y c o m b  

of  a l u m i n i u m   or   a l u m i n i u m   a l l o y   f o i l .   A  t y p i c a l   m a t e r -  

i a l   i s   t h a t   s o l d   by  C i b a - G e i g y   and  known  by  t h e   t r a d e -  

mark   " A e r o w e b " .   Such  a  s a n d w i c h   h a s   a  h o n e y c o m b   c o r e  

made  by  f a s t e n i n g   r i b b o n s   of  f o i l   t o g e t h e r   in  a  l a y e r e d  

s l a b   by  s u i t a b l y   s p a c e d   a d h e s i v e   s t r i p e s   p e r p e n d i c u l a r  

to   t h e   l o n g   a x i s   of  t h e   r i b b o n s   and  t h e n   e x p a n d i n g   t h e  

s l a b   to   p r o d u c e   a  h e x a g o n a l   c e l l   s t r u c t u r e ,   as  i n d i c a t e d  

a t   20  in   F i g .   1 .   The  s a n d w i c h   i s   n o t a b l y   s t i f f e r   a l o n g  - -  

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

P r e f e r a b l y ,   t h e   p a n e l   m a t e r i a l   i s   a r r a n g e d   so  t h a t   t h e  

r i b b o n s   of  t h e   h o n e y c o m b   s t r u c t u r e   run   p a r a l l e l   to   t h e  

l o n g e r   s i d e s   of  e a c h   p a n e l .   In  t h e   e m b o d i m e n t   s h o w n ,  

t h e   l i n e   of  t h e   r i b b o n s   r u n s   v e r t i c a l l y   f o r   t he   two  s i d e  

p a n e l s   14,  and  f o r   t h e   f r o n t   p a n e l   18  and  r e a r   p a n e l   1 2 ,  

and  f r o m   s i d e   to   s i d e   of  t h e   c a b i n e t   f o r   t h e   t o p   p a n e l  

10  and  b a s e   16.  P r e f e r a b l y ,   t h e   b a s e   16  of  t h e   c a b i n e t  

i s   f o r m e d   in  two  p i e c e s ,   j o i n e d   a t   t h e   c e n t r e   of  t h e  

b a s e ,   w i t h   e a c h   b a s e   p o r t i o n   b e i n g   a  c o n t i n u a t i o n   of  t h e  

r e s p e c t i v e   s i d e   p a n e l .   The  t o p   p a n e l   10,  t h e   two  s i d e  

p a n e l s   14  and  t he   two  p o r t i o n s   of  t h e   b a s e   16  can  b e  

made  f rom  one  l e n g t h   of  s a n d w i c h   m a t e r i a l   s u i t a b l y  

m a c h i n e d ,   f o l d e d   and  w r a p p e d   a r o u n d   to  f o rm  t h e   d e s i r e d  

r e c t a n g u l a r   c o n f i g u r a t i o n .   The  f r o n t   p a n e l   18  and  t h e  

r e a r   p a n e l   12  can   t h e n   be  f i t t e d   i n t o   t h e   o p e n - e n d e d   b o x  

d e f i n e d   by  t h e   o t h e r   p a n e l s ,   and  can  be  s u i t a b l y   s e c u r e d  

in  p l a c e ,   f o r   e x a m p l e   by  a d h e s i v e .  

As  shown  in  F i g .   1,  t h e  f r o n t   p a n e l   18  has  c u t -  



o u t s   22  to  r e c e i v e   t h e   l o u d s p e a k e r   d r i v e   u n i t s   ( n o t  

s h o w n ) .   A  r e b a t e d   p a n e l   24  is   l a m i n a t e d   to   t h e   f r o n t  

p a n e l   18  to  e n a b l e   f l u s h   m o u n t i n g   o f  t h e   d r i v e   u n i t s .  

A l t h o u g h   r e f e r e n c e   i s   made  h e r e i n   to   t he   use   o f  

an  a l u m i n i u m   s a n d w i c h / h o n e y c o m b   m a t e r i a l ,   i t   s h o u l d   b e  

c l e a r l y   u n d e r s t o o d   t h a t   t he   i n v e n t i o n   i s   n o t   l i m i t e d   t o  

t h e   use   of  such   a  m a t e r i a l .   The  a d v a n t a g e   of  such   a  

s a n d w i c h   m a t e r i a l   i s   t h a t   i t   has   a  v e r y   low  mass   p e r  

u n i t   a r e a ,   and  a  v e r y   h i g h   s t i f f n e s s   to   mass   r a t i o .  

Any  m a t e r i a l   h a v i n g   c o m p a r a b l e   p a r a m e t e r s ,   or  i n d e e d  

b e t t e r   p e r f o r m a n c e   in  t e r m s   of  s t i f f n e s s   to   mass   r a t i o ,  

c o u l d   e q u a l l y   w e l l   be  u s e d   as  a  p a n e l   m a t e r i a l   f o r   t h e  

c a b i n e t .  

A  p a r t i c u l a r l y   p r e f e r r e d   " A e r o w e b "   m a t e r i a l   i s  

t h a t   known  as  Type  3 0 0 3 .   T h i s   has   a  min imum  c o m p r e s s i o n  

s t r e n g t h   of  2 . 7 6   MN/m2,  a  n o m i n a l   l o n g i t u d i n a l   b e a m  

s h e a r   s t r e n g t h   of  2 .2   MN/m2,  a  n o m i n a l   t r a n s v e r s e   b e a m  

s h e a r   s t r e n g t h   of  1 . 6 M N / m 2 .   a  n o m i n a l   t h i c k n e s s   o f  

12 .5mm.  and  an  a v e r a g e   w e i g h t   of  4 . 6 K g / m 2 .  

The  e s s e n c e   of  t h e   p r e s e n t   i n v e n t i o n   l i e s   in  t h e  

a p p r e c i a t i o n   t h a t ,   c o u p l e d   w i t h   t he   use   of  s u c h   m a t e r i a l s  

f o r   t h e   c a b i n e t   s h e l l ,   one  can  a c h i e v e   v a s t l y   i m p r o v e d  

p e r f o r m a n c e   by  i n c o r p o r a t i n g   w i t h i n   t h e   c a b i n e t   a p p r o p r i -  

a t e l y   a r r a n g e d   s o u n d - a b s o r b i n g   means   w h i c h   w i l l   r a i s e   t h e  

c r i t i c a l   f r e q u e n c y ,   or  even   s u b s t a n t i a l l y   e l i m i n a t e  

c r i t i c a l   f r e q u e n c y   as  a  p h e n o m e n o n   w h i c h   has   to  b e  

c a t e r e d   f o r .  

F i g .   2  i l l u s t r a t e s   one  way  in  w h i c h   a  s o u n d -  

a b s o r b i n g   means   can  be  i n c o r p o r a t e d   w i t h i n   t h e   c a b i n e t  

e n c l o s u r e .   H e r e ,   a  p l u r a l i t y   of  b l o c k s   28  of  s o u n d -  

a b s o r b e n t   m a t e r i a l ,   p r e f e r a b l y   a  foam  m a t e r i a l ,   a r e  

p o s i t i o n e d   a r o u n d   t he   d r i v e   u n i t   29  and  a r e   a p p r o p r i a t e l y  

s e c u r e d   in  p l a c e .   D e p e n d i n g   upon  t he   d e g r e e   of  s o u n d  

a b s o r p t i o n   w h i c h   one  w i s h e s   to  a c h i e v e   w i t h i n   t he   c a b i n e t  

e n c l o s u r e ,   one  can  p r o v i d e   the   b l o c k s   e i t h e r   j u s t   a r o u n d  



t h e   d r i v e   u n i t   i t s e l f ,   or   a l t e r n a t i v e l y   to  f i l l   t h e  

w h o l e   c a b i n e t   e n c l o s u r e .  

F i g .   3  shows   an  a l t e r n a t i v e   a r r a n g e m e n t   in  w h i c h  

l a y e r s   30  of  f l e x i b l e   s o u n d - a b s o r b i n g   m a t e r i a l   a r e  

w r a p p e d   a r o u n d   t h e   d r i v e   u n i t   29.  A g a i n ,   t h e   l a y e r s  

30  may  be  p r o v i d e d   o n l y   in  t h e   i m m e d i a t e   v i c i n i t y   of  t h e  

d r i v e   u n i t ,   or  can   be  a r r a n g e d   s u b s t a n t i a l l y   to   f i l l   t h e  

c a b i n e t   e n c l o s u r e .  

F i g .   4  shows   y e t   a n o t h e r   way  of  p r o v i d i n g   a  s o u n d -  

a b s o r b i n g   m e a n s   w i t h i n   t h e   c a b i n e t   s h e l l .   H e r e ,   t h e  

s o u n d - a b s o r b i n g   m a t e r i a l   c o m p r i s e s   a  p l u r a l i t y   of  g e n e r -  

a l l y   t r i a n g u l a r   c r o s s - s e c t i o n   p i e c e s   32  of  s o u n d -  

a b s o r b i n g   m a t e r i a l ,   s u c h   as  a  f o a m e d   m a t e r i a l ,   f o r m e d   a s  

w e d g e s   or  p r i s m s   and  s u i t a b l y   a r r a y e d   to   fo rm  a  s o u n d -  

a b s o r b i n g   b a r r i e r .   T h e s e   t r i a n g u l a r   c r o s s - s e c t i o n   e l e -  

m e n t s   32  n e e d   n o t   n e c e s s a r i l y   a l l   be  of  t h e   same  m a t e r i a l  

or   a l l   h a v e   t h e   same  s o u n d - a b s o r b i n g   c h a r a c t e r i s t i c s .  

Fo r   e x a m p l e ,   one  c o u l d   make  up  t h e   b a r r i e r   f rom  t w o  

d i f f e r e n t   m a t e r i a l s ,   d e s i g n e d   to   a b s o r b   d i f f e r e n t   f r e -  

q u e n c y   r a n g e s ,   and  p o s i t i o n e d   a l t e r n a t e l y ,   as  i n d i c a t e d  

f o r   e x a m p l e   by  t h e   c r o s s - h a t c h i n g   in  F i g .   4.  The  i n d i -  

v i d u a l   b l o c k s   or   w e d g e s   32  c o u l d   e i t h e r   be  f i t t e d   p i e c e -  

b y - p i e c e   i n t o   t h e   c a b i n e t   e n c l o s u r e ,   or  a l t e r n a t i v e l y  

t h e   p i e c e s   c o u l d   be  g l u e d   on  to  a  f a b r i c   b a c k i n g   in   a n  

a p p r o p r i a t e   c o n f i g u r a t i o n   so  t h a t   t h e   f a b r i c   w i t h   t h e  

p i e c e s   g l u e d   t h e r e o n   c o u l d   t h e n   s i m p l y   be  f o l d e d   a n d  

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

I t   i s   n e c e s s a r y ,   w h a t e v e r   t h e   a c t u a l   f o rm  of  t h e  

s o u n d - a b s o r b i n g   m a t e r i a l ,   to  a r r a n g e   i t   in  t h e   f o rm  o f  

an  a c o u s t i c   " w e d g e "   or   t r a n s m i s s i o n   l i n e .   In  o t h e r  

w o r d s ,   t h e   s o u n d - a b s o r b i n g   m a t e r i a l   i s   a p p r o p r i a t e l y  

g r a d e d   in  r e l a t i o n   to   i t s   p o s i t i o n   w i t h i n   t he   c a b i n e t  

e n c l o s u r e   so  t h a t   t h e r e   i s   a  c h a n g e   in  i t s   s o u n d -  

a b s o r b i n g   p r o p e r t i e s   as  one  moves   away  f rom  t h e   d r i v e  

u n i t   t o w a r d s   t h e   c a b i n e t   p a n e l s .  



A b s o r b e n t   m a t e r i a l s   w h i c h   have   low  s o u n d -  

a b s o r b i n g   p r o p e r t i e s   a r e   a l s o   s u b s t a n t i a l l y   n o n -  

r e f l e c t i v e   of  s o u n d   w a v e s ,   i . e .   t h e   s o u n d   waves   p a s s  

e a s i l y   t h r o u g h   t hem.   S i m i l a r l y ,   h i g h l y   a b s o r b e n t  

m a t e r i a l s   a r e   more  r e f l e c t i v e   of  s o u n d   w a v e s .   I n  

a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   t h e   a b s o r b i n g  

m a t e r i a l   w i t h i n   t h e   e n c l o s u r e   i s   g r a d e d   so  t h a t   t h e  

m a t e r i a l   n e a r e r   to  t h e  d r i v e   u n i t   i s   l i g h t l y   a b s o r b e n t  

and  t h e r e f o r e   s u b s t a n t i a l l y   n o n - r e f l e c t i v e ,   w h i l e   t h e  

m a t e r i a l   m o s t   r e m o t e   f rom  t h e   d r i v e   u n i t   i s   s t r o n g l y  

a b s o r b e n t   and  t h e r e f o r e   more  r e f l e c t i v e .   T h i s   h a s  

the   a d v a n t a g e o u s   r e s u l t   t h a t   t h e   s o u n d   waves   w i t h i n   t h e  

e n c l o s u r e   a r e   n o t   r e f l e c t e d   b a c k   to   t h e   d r i v e   u n i t   b y  

t h e   f i r s t   a b s o r b i n g   m a t e r i a l   w h i c h   t h e y   e n c o u n t e r ,   a n d  

a d d i t i o n a l l y   t h e   s u b s e q u e n t   a b s o r b i n g   m a t e r i a l   a b s o r b s  

mos t   of  t h e   w a v e s ,   t h e r e b y   to   p r e v e n t   them  r e a c h i n g   t h e  

c a b i n e t   w a l l s .   In  o t h e r   w o r d s   b o t h   t h e   d r i v e   u n i t   a n d  

the   c a b i n e t   w a l l s   a r e   s u b s t a n t i a l l y   f r e e d   f rom  d i r e c t  

or  r e f l e c t e d   s o u n d   w a v e s .  

I f   an  a i r   s p a c e   i s   l e f t   w i t h i n   t h e   c a b i n e t ,   t h i s  

is   p r e f e r a b l y   a d j a c e n t   to  t h e   w a l l s ,   n o t   n e x t   to   t h e  

d r i v e   u n i t .  

A l t h o u g h   in  t he   e m b o d i m e n t   d e s c r i b e d   a b o v e   o n e  

is   w o r k i n g   w i t h   a  p a n e l - f o r m   c a b i n e t   s h e l l   w h i c h   i s   t h e n  

f i l l e d   or   p a r t i a l l y   f i l l e d   w i t h   a  s o u n d - a b s o r b i n g   m a t e r -  

i a l ,   one  c o u l d ,   w i t h i n   t h e   s c o p e   of  t he   p r e s e n t   i n v e n t i o n ,  

c o n s t r u c t   a  c a b i n e t   in  t he   r e v e r s e   s e n s e .   In  o t h e r  

w o r d s ,   one  c o u l d   s t a r t   f rom  a  b l o c k   f o r   e x a m p l e   of  f o a m e d  

m a t e r i a l ,   and  t h e n   e n c l o s e   t h i s   s o u n d - a b s o r b i n g   m a t e r i a l  

w i t h i n   an  o u t e r   s h e l l   or  s k i n   w h i c h   c o u l d   be  f o r m e d   b y  

p a n e l s ,   m o u l d i n g ,   s p r a y - c o a t i n g ,   e t c . ,   p r o v i d e d   t h a t   t h e  

o u t e r   s h e l l   has   t he   h i g h   s t i f f n e s s   to  mass   r a t i o c h a r a c -  

t e r i s t i c s   d i s c u s s e d   e a r l i e r .   More  g e n e r a l l y ,   a l t h o u g h   a  

p a n e l - f o r m   c o n s t r u c t i o n   has  b e e n   r e f e r r e d   to  a b o v e   i n  

r e l a t i o n   to  t he   p r e s e n t l y   p r e f e r r e d   e m b o d i m e n t ,   any  o t h e r  



m e t h o d   of  or  m a t e r i a l s   f o r   p r o d u c i n g   a  " s h e l l "   h a v i n g  

a  h i g h   s t i f f n e s s   to   mass   r a t i o   c o u l d   a l t e r n a t i v e l y   b e  

u s e d .  

A l s o ,   a l t h o u g h   p a n e l s   of  m e t a l   h o n e y c o m b   s t r u c t u r e  

have   b e e n   d e s c r i b e d   as  a d v a n t a g e o u s ,   o t h e r   p a n e l   s t r u c -  

t u r e s   h a v i n g   a  h i g h   s t i f f n e s s   to   mass   r a t i o   c o u l d   a l t e r -  

n a t i v e l y   be  u s e d ,   f o r   e x a m p l e   s a n d w i c h   p a n e l s   of  p o r o u s  

or   c e l l u l a r   m a t e r i a l   b e t w e e n   s t r o n g   s k i n s .   The  c o r e  

m a t e r i a l   c o u l d   be  s t i f f   foam  p l a s t i c s ,   c e l l u l o s e   f i b r e ,  

p a p e r ,   e t c . ,   and  t h e   s k i n s   c o u l d   be  of  m e t a l ,   p l a s t i c s  

or  h a r d b o a r d   f o r   e x a m p l e .  

F u r t h e r m o r e ,   a l t h o u g h   i t   i s   c o n v e n t i o n a l   to  m a k e  

l o u d s p e a k e r   c a b i n e t s   of  box  s h a p e ,   t h e   p r e s e n t   i n v e n t i o n  

is   a l s o   a p p l i c a b l e   to   c a b i n e t s   h a v i n g   a l t e r n a t i v e   c o n f i g -  

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

s p h e r i c a l   or  c y l i n d r i c a l   c o n f i g u r a t i o n   f r o m   a  h i g h   s t i f f -  

n e s s   to   mass   r a t i o   m a t e r i a l ,   and  t h e n   i n c o r p o r a t e   a p p r o -  

p r i a t e   s o u n d - a b s o r b i n g   m a t e r i a l   w i t h i n   t h e   s h e l l   t o  

a c h i e v e   t h e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n .   As  y e t   a  

f u r t h e r   a l t e r n a t i v e   c o n f i g u r a t i o n   one  c o u l d   h a v e   a  s h e l l  

s t r u c t u r e   of  u p r i g h t   g e n e r a l l y   c y l i n d r i c a l   f o r m ,   w i t h  

t he   w a l l   of  t h e   c y l i n d e r   b e i n g   i n w a r d l y   c o n c a v e   and  w i t h  

an  i n w a r d l y   c o n c a v e   t o p   and  b o t t o m   to  t h e   e n c l o s u r e .  

I f   t h i s   is   n o t   c o n s i d e r e d   a e s t h e t i c a l l y   a t t r a c t i v e   t h e n  

s u c h   a  s t r u c t u r e   c o u l d   be  i n c o r p o r a t e d   w i t h i n   a  c o n v e n -  

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



I.   A  l o u d s p e a k e r   c a b i n e t   c o m p r i s i n g   w a l l s   of  a  

m a t e r i a l   h a v i n g   a  h i g h   s t i f f n e s s   to  mass   r a t i o ,   a t   l e a s t  

one  d r i v e   u n i t ,   and  s o u n d - a b s o r b i n g   means   w i t h i n   t h e  

e n c l o s u r e   d e f i n e d   by  t h e   w a l l s ,   s a i d   s o u n d - a b s o r b i n g  

means   b e i n g   of  a  c o m p o s i t i o n   a n d / o r   so  a r r a n g e d   t h a t   i t s  

s o u n d - a b s o r b i n g   p r o p e r t i e s   d i f f e r   in  d e p e n d e n c e   on  i t s  

p o s i t i o n   in  t h e   c a b i n e t .  

2.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to   c l a i m   1 ,  

in  w h i c h   t h e   s o u n d - a b s o r b i n g   means   i s   g r a d e d   in  r e l a t i o n  

to  i t s   d i s t a n c e   f rom  s a i d   d r i v e   u n i t   or  u n i t s ,   b e i n g  

more  l i g h t l y   a b s o r b e n t   of  s o u n d   waves   a d j a c e n t   to   t h e  

d r i v e   u n i t   or  u n i t s   and  more  s t r o n g l y   a b s o r b e n t   of  s o u n d  

w a v e s   r e m o t e   f rom  t h e   d r i v e   u n i t   or  u n i t s .  

3.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to  c l a i m   1  o r  

2,  in  w h i c h   t h e   s o u n d - a b s o r b i n g   means   c o m p r i s e s   l a y e r s  

of  m a t e r i a l   h a v i n g   d i f f e r e n t   a c o u s t i c   a b s o r b i n g   p r o p e r -  
t i e s .  

4.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to   c l a i m   3,  i n  

w h i c h   t he   l a y e r s   a r e   of  a  foam  p l a s t i c s   m a t e r i a l .  

5.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to  any  p r e -  

c e d i n g   c l a i m ,   in  w h i c h   t h e   w a l l s   c o m p r i s e   a  m e t a l   s a n d -  

w ich   s t r u c t u r e   c o m p r i s i n g   two  s k i n s   w i t h   a  h o n e y c o m b  

c e l l u l a r   a r r a y   t h e r e b e t w e e n .  

6.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to  c l a i m   5 ,  

made  of  r e c t a n g u l a r   w a l l   p a n e l s ,   in  w h i c h   t he   h o n e y c o m b  

c e l l s   a re   made  by  s e c u r i n g   e l o n g a t e   r i b b o n s   of  f o i l  

t o g e t h e r   i n  a   l a y e r e d   s l a b   and  e x p a n d i n g   t he   s l a b ,   a n d  

w h e r e i n   the   w a l l s   of  t h e   c a b i n e t   a r e   a r r a n g e d   so  t h a t   t h e  

r i b b o n s   of  t he   h o n e y c o m b   s t r u c t u r e   run  p a r a l l e l   to  t h e  

l o n g e r   s i d e s   of  t he   s i d e   p a n e l s .  

7.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to  c l a i m   6 ,  

in  w h i c h   the   r i b b o n s   of  t he   h o n e y c o m b   s t r u c t u r e   a l s o   r u n  

p a r a l l e l   to  t h e   l o n g e r   s i d e s   of  the   r e a r   p a n e l .  



8.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to   c l a i m   6 

or  7,  in  w h i c h   t h e   c a b i n e t   h a s   two  s i d e   w a l l s ,   a  t o p  

w a l l   and  a  b a s e   a l l   f o r m e d   f r o m   one  p i e c e   of  m a t e r i a l  

w i t h   t h e   e n d s   j o i n e d   a t   t h e   c e n t r e   of  t h e   b a s e .  

9.  A  l o u d s p e a k e r   c a b i n e t   a c c o r d i n g   to   any  p r e -  

c e d i n g   c l a i m ,   in   w h i c h   t h e   s o u n d - a b s o r b i n g   means   o n l y  

p a r t i a l l y   f i l l s   t h e   c a b i n e t   e n c l o s u r e ,   w i t h   an  a i r   g a p  

b e t w e e n   t h e   s o u n d - a b s o r b i n g   m e a n s   and  a t   l e a s t   t h e   r e a r  

w a l l   of  t h e   c a b i n e t .  
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