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©  Electro-acoustical  converter. 

Electro-acoustical  converter  with  a  closed  vibration 
space,  one  wall  of  which  is  formed  by  a  vibrating  plate 
consisting  of  a  metal  diaphragm,  clamped  along  its  circum- 
ferential  edge,  on  which  is  fixed  a  disk  made  of  a  piezo- 
electric  material,  characterized  in  that  the  vibrating  plate  (TP) 
is  acoustically  coupled  with  an  acoustical  filter  (AF)  which  is 
formed  by  at  least  two  successive  chambers  (K1,  K2),  which 
are  communicating  the  one  with  the  other  through  at  least 
one  aperture  (O1)  in  an  intermediate  wall  (TW),  the  first  (K,) 
of  these  chambers  being  separated  from  the  vibration  space 
by  this  vibrating  plate  and  the  second  (K2)  of  these  chambers 
communicating  with  the  ambient  air  through  at  least  one 
second  aperture  (02,03)  in  an  outer  wall  (BW). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  e l e c t r o - a c o u s t i c a l   c o n -  

v e r t e r   w i t h   a  c l o s e d   v i b r a t i o n   s p a c e ,   one  w a l l . o f   w h i c h   i s  

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

c l a m p e d   a t   i t s   p e r i p h e r a l   e d g e ,   on  w h i c h   d i a p h r a g m   i s   f i x e d  

a  d i s k   made  of   a  p i e z o - e l e c t r i c   m a t e r i a l .  

Such  an  e l e c t r o - a c o u s t i c a l   c o n v e r t e r   i s   w e l l   known  in  e n g i -  

n e e r i n g   and  t h e   i n v e n t i o n   has   in  v i e w   to  p r o v i d e   a  s u c h l i k e  

c o n v e r t e r   w i t h   a  n e a r l y   f l a t   s o u n d   i n t e n s i t y / f r e q u e n c y   c h a r a c -  

t e r i s t i c   in  t h e   r a n g e   of  t h e   l o w e r   f r e q u e n c i e s   f r o m   a b o u t   8 0 0  

Hz  to  a b o u t   4000   H z .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   t h i s   o b j e c t i v e   i s   a t t a i n e d   t h r o u g h  

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

w i t h   an  a c o u s t i c a l   f i l t e r   w h i c h   i s   f o r m e d   by  a t   l e a s t   t w o  

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

f i r s t   a p e r t u r e   in   an  i n t e r m e d i a t e   w a l l ,   t h e   f i r s t   of   t h e s e  

c h a m b e r s   of  t h i s   v i b r a t i o n   s p a c e   b e i n g   s e p a r a t e d   by  t h i s   v i -  

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

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

o u t s i d e   w a l l .  

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

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

s a i d   l o w e r   f r e q u e n c y   r a n g e   is  r e p r o d u c e d   more   s t r o n g l y   a n d  

a b o u t   u n i f o r m l y .  



At  t h e   same  t i m e ,   t h e   r e p r o d u c t i o n   of   t h e   h i g h e r   f r e q u e n c y  

r a n g e   i s   w e a k e n e d .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   h e r e i n a f t e r ,   r e f e r e n c e   b e i n g  

made  to   t h e   a t t a c h e d   d r a w i n g s ,   w h e r e i n  :  

f i g u r e   1  s h o w s   a  s c h e m a t i c a l   l o n g i t u d i n a l   s e c t i o n   of  a n  

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

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

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

v a l u e s ;  

f i g u r e   2  s h o w s   an  e q u i v a l e n t   e l e c t r i c   d i a g r a m   of   t h e  

a c o u s t i c a l   f i l t e r   AF  of  f i g u r e   1 .  

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

m e t e r  D   and   l e n g t h   L  and  p r o v i d e d   w i t h   a  v i b r a t i o n   s p a c e   TR 

w i t h   t h e   l e n g t h   L1  and  w i t h   an  a c o u s t i c a l   f i l t e r   AF,  a c o u s -  

t i c a l l y   c o u p l e d   t h e r e w i t h ,   w i t h   t h e   l e n g t h   L2  +  L3.  T h i s  

f i l t e r   c o m p r i s e s   two  s u c c e s s i v e   c h a m b e r s   K1  and   K2  w i t h  

t h e   r e s p e c t i v e   l e n g t h s   L2  and  L3.  The  r a t ios  D L1 ,  D L2   and D L3 

a r e   r e s p e c t i v e l y   c o m p r i s e d   b e t w e e n   4  and  10;  10  and  60;  a n d  

9  and  3 0 .  

The  v i b r a t i o n   c h a m b e r   TR  i s   c o m p l e t e l y   c l o s e d   and   s e p a r a t e d  

f r o m   t h e   f i l t e r   c h a m b e r   K1  by  a  v i b r a t i n g   p l a t e   TP.  T h i s   v i -  

b r a t i n g   p l a t e   TP  c o n s i s t s   of   a  c i r c u l a r   m e t a l   d i a p h r a g m   M  w h i c h  

a t   i t s   c i r c u m f e r e n t i a l   e d g e   i s   f i x e d   to   t h e   h o u s i n g   B  and  w h i c h ,  

i n   i t s   c e n t r a l   z o n e ,   i s   f i r m l y   a s s e m b l e d ,   f o r   i n s t a n c e   b y  

m e a n s   of   g l u e ,   w i t h   a  c i r c u l a r   d i s k   S  w h i c h   i s   made  of   a  

p i e z o - e l e c t r i c   m a t e r i a l ,   f o r   i n s t a n c e   p i e z o - e l e c t r i c   c e r a -  

m i c s .   The  d i s k   S  i s   c o n n e c t e d   w i t h   two  e l e c t r i c   c o n n e c t i n g  

c a b l e s   E1  a n d   E2.   The  m e t a l   of  t h i s   d i a p h r a g m   h a s   a  m o d u l u s  

of   e l a s t i c i t y   c o m p r i s e d   b e t w e e n   6 , 5 . 1 0 3   N / m m 2  a n d   2 1 0 . 1 0 3  

N / m m 2  a n d   i t s   d e n s i t y   i s   c o m p r i s e d   b e t w e e n   1 , 5 . 1 0   k g / m  a n d  

1 0 . 1 0 3   k g / m 3 .   The   t h i c k n e s s   of  t h i s   d i a p h r a g m   M  i s   c o m p r i s e d  

b e t w e e n   0 ,5   a n d   1 , 2   t i m e s   t h e   t h i c k n e s s   of   t h e   d i s k   S  and  t h e  



d i a m e t e r   of  t h i s   d i s k   i s   c o m p r i s e d   b e t w e e n   0 ,3  and  0 ,9   t i m e s  

t h e   d i a m e t e r   of   t h e   d i a p h r a g m   M. 

The  f i l t e r   c h a m b e r   K1  w i t h   a  v o l u m e   V1  c o m m u n i c a t e s   w i t h   t h e  

f i l t e r   c h a m b e r   K2  w i t h   a  v o l u m e   V2  v i a   a  c i r c u l a r   a p e r t u r e   O1 
w i t h   a  d i a m e t e r   D1  in   a  i n t e r m e d i a t e   w a l l   TW  w i t h   a  t i c k n e s s  

d l ,   t h e   p r o d u c t   d 1 . D 1   b e i n g   c o m p r i s e d   b e t w e e n   2  mm2  and  12  mm2.  

The  f i l t e r   c h a m b e r   K2  c o m m u n i c a t e s   w i t h   t h e   a m b i e n t   a i r   v i a   a  

m u l t i p l i c i t y   of   c i r c u l a r   a p e r t u r e s   as  a r e   02  and  03 ,   in   t h e  

o u t e r   w a l l   BW  w i t h   a  t i c k n e s s   d l .   T h e s e   a p e r t u r e s   h a v e   r e s -  

p e c t i v e l y   d i a m e t e r s   D2  and  D3  and  t h e   p r o d u c t   of   t h e   sum  o f  

t h e   d i a m e t e r s   of   a l l   t h e   a p e r t u r e s ,   t h a t   i s   to   say   D2  +  D3 
+  . . . ,   and  t h e   t h i c k n e s s   d2  i s   c o m p r i s e d   b e t w e e n   10  mm2  a n d  

20  mm2.  The  i n t e r m e d i a t e   w a l l   TW  and  o u t e r   w a l l   BW  a r e   b o t h  

made  of   a  v i b r a t i o n   d a m p i n g   p l a s t i c   m a t e r i a l ,   f o r   i n s t a n c e  

p o l y a m i d e ,   in   o r d e r   t h a t   t h e s e   w a l l s   s h o u l d   n o t   f o rm  p a r a s i -  

t a r y   s o u r c e s   of   v i b r a t i o n .  

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

i n t e n s i t y / f r e q u e n c y   c h a r a c t e r i s t i c   i s   b e i n g   a m e l i o r a t e d .   A s  

a  m a t t e r   of  f a c t ,   due   to   t h i s ,   t h e   own  f r e q u e n c y   of  t h e   m e -  

c h a n i c a l   s y s t e m   i s   b e i n g   h e i g h t e n e d .   The  f r e q u e n c y   r a n g e  

e x t e n d i n g   b e t w e e n   t h e   f i r s t   and   s e c o n d   r e s o n a n c e   f r e q u e n c i e s  

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

w e a k l y .  

T h r o u g h  t h e   a p p l i c a t i o n   of  t h e   a c o u s t i c a l   f i l t e r   AF,  t h i s  

d r a w b a c k   i s   b e i n g   s u p p r e s s e d ,   b e c a u s e   t h i s   f i l t e r   e x t e n d i n g  

w i t h i n   t h e   f r e q u e n c y   band   t h a t   e x t e n d s   b e t w e e n   t h e   a f o r e s a i d  

f i r s t   and  s e c o n d   f r e q u e n c i e s   h a s   an  i m p e d a n c e - t r a n s f o r m i n g  

a c t i o n ,   w h e r e b y   t h e   a d a p t i o n   b e t w e e n   t h e   v i b r a t i n g   p l a t e   a n d  

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

low  p a s s   f i l t e r ,   t h e   t i p p i n g   o v e r   f r e q u e n c y   b e i n g  c h o s e n   s o  

t h a t   t h e   h i g h e r   f r e q u e n c y   b a n d   i s   b e i n g   s t r o n g l y   w e a k e n e d .  

T h i s   i s   a  c o n s e q u e n c e   of  t h e   v a l u e s   c h o s e n   of  t h e   a f o r e s a i d  

ratios D L1, D L2  and D L3,  t h i c k n e s s e s   d1  and  d2  and  p r o d u c t s  



D 1 . d 1   and  ( D 2 + D 3 + . . . ) . d 2 .  

The  e q u i v a l e n t   e l e c t r i c   d i a g r a m   of   t h e   a c o u s t i c a l   f i l t e r   i s  

shown  in   f i g u r e   2  and  c o m p r i s e s  :  

-  t h e   c a p a c i t y   CK1  and  s e l f - i n d u c t i o n   LK1  due  to   t h e   c h a m b e r  

K 1 :  

-  t h e   c a p a c i t y   CK2,  s e l f - i n d u c t i o n   L K 2  a n d   r e s i s t a n c e   RK  o f  

t h e   a p e r t u r e s   as  a r e   02  and  O 3  i n   t h e   w a l l   of   BW; 

-  t h e   r a d i a t i o n   r e s i s t a n c e   Z .  

t h e   v a l u e s   of   CK1,  CK2,  LK1,  LK2  and  RK  a r e   g i v e n   by  t h e   f o l -  

l o w i n g   f o r m u l a s ,   i f   one   s u p p o s e s   t h a t   t h e   o u t s i d e   w a l l   BW  i s  

p r o v i d e d   w i t h   n  a p e r t u r e s   w i t h   a  r a d i u s   a2  and   t h e   i n t e r -  

m e d i a t e   w a l l   i s   p r o v i d e d   w i t h   one  a p e r t u r e   w i t h   a  r a d i u s   a 1 .  
The  r a d i u s   a1  of  t h e   a p e r t u r e   O1  in  t h e   i n t e r m e d i a t e   w a l l   TW 

is   c h o s e n   so  g r e a t   t h a t   t h e   r e s i s t a n c e   of   t h i s   a p e r t u r e   m a y  

be  so  low  as  to   be  n e g l e c t e d .  

ρ o  =   d e n s i t y   of   t h e   a i r  

y  =   1 ,4   f o r   a i r  

ρ o  =   s t a t i c   p r e s s u r e  

ω  =  2πf   w i t h   f  =  f r e q u e n c y  



=  c i n e m a t i c   v i s c o s i t y   c o e f f i c i e n t   of  a i r   = 

1 , 5 6   x  10 -5   m 2 / s e c   ( 2 0 °  -   0 , 7 6   mhg)  

a1=  r a d i u s   a p e r t u r e   in  TW 

a2=  r a d i u s   a p e r t u r e   in  BW 

V1=  v o l u m e   of  c h a m b e r   K 1  

V2=  v o l u m e   of   c h a m b e r   K2 

d1=  t h i c k n e s s   of  w a l l   TW 

d2=  t h i c k n e s s   of  w a l l   BW 

RK =  r e s i s t a n c e   of  h o l e s   in   BW  ( 0 2  -   03  e t c . )  

η  =  n u m b e r   of  h o l e s   in   BW. 



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

c e ,   one   w a l l   o f   w h i c h   i s   f o r m e d   by  a  v i b r a t i n g   p l a t e   c o n s i s -  

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

t i a l   e d g e ,   on  w h i c h   i s   f i x e d   a  d i s k   o f   p i e z o - e l e c t r i c   m a t e r i -  

a l ,   c h a r a c t e r i z e d   in   t h a t   t h i s   v i b r a t i o n   p l a t e   (TP)  i s   a c o u s -  

t i c a l l y   c o u p l e d   w i t h   an   a c o u s t i c a l   f i l t e r   (AF) ,   w h i c h   i s   f o r -  

med  by  a t   l e a s t   two  s u c c e s s i v e   c h a m b e r s   (K1,  K 2 ) ,   w h i c h   a r e  

c o m m u n i c a t i n g   by  a t   l e a s t   one   f i r s t   a p e r t u r e   (01)  in   an  i n -  

t e r m e d i a t e   w a l l   (TW),  t h e   f i r s t   (K1)  of   t h e s e   c h a m b e r s   b e i n g  

s e p a r a t e d   f r o m   t h e   v i b r a t i o n   s p a c e . ( T R )   by  t h i s   v i b r a t i n g  

p l a t e   (TP)  and   t h e   s e c o n d   (K2)  of  t h e s e   c h a m b e r s   c o m m u n i c a -  

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

t u r e   (02,   03)  in   an  o t h e r   w a l l .  

2 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   c l a i m   1,  c h a r a c -  

t e r i z e d   in  t h a t   t h i s   i n t e r m e d i a t e   w a l l   i s   p r o v i d e d   w i t h   a  

f i r s t   a p e r t u r e   ( 0 1 ) ,   w h i l s t   t h i s   o u t e r   w a l l   (BW)  i s   p r o -  
v i d e d   w i t h   a  m u l t i p l i c i t y   of   s e c o n d   a p e r t u r e s   (02 ,   0 3 ) .  

3 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   c l a i m   1  or   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   d i s k   (B)  i s   made  of   a  p i e z o - e l e c -  

t r i c   m a t e r i a l   and  t h e   d i a p h r a g m   (M)  and  d i s k   (S)  a r e   c i r -  

c u l a r ,   t h e   t h i c k n e s s   o f   t h i s   d i a p h r a g m   (M)  b e i n g   c o m p r i s e d  

b e t w e e n   0 ,5   and   1 , 2   t i m e s   t h e   t h i c k n e s s   of   t h e   d i s k   (S)  a n d  

t h e   d i a m e t e r   o f   t h e   d i s k   (S)  b e i n g   c o m p r i s e d   b e t w e e n   0 ,3   a n d  

0 ,9   t i m e s   t h e   d i a m e t e r   (D)  of  t h e   d i a p h r a g m .  

4 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   c l a i m   1,  2  or   3 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   m e t a l   of  t h e   d i a p h r a g m   (M)  has   a  

m o d u l u s   of   e l a s t i c i t y   c o m p r i s e d   b e t w e e n   65 .10  3   N/mm2  a n d  

2 1 0 . 1 0 3   N/mm2,  w h i l s t   t h e   d e n s i t y   i s   c o m p r i s e d   b e t w e e n   1 , 5 . 1 0 3  

k g / m 3   and  1 0 . 1 0 3   k g / m 3 .  

5 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   one   of   t h e   p r e -  

c e d i n g   c l a i m s ,   c h a r a c t e r i z e d   i n  t h a t   t h e   v i b r a t i o n   s p a c e   (TR) 



i s   c y l i n d r i c a l   and  h a s   a  r a t i o   d i a m e t e r / l e n g t h   (D L1)  t h a t   i s  

c o m p r i s e d   b e t w e e n   4  and  1 0 .  

6 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   one  of   t h e   p r e -  

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

i s   c y l i n d r i c a l ,   t h e   r a t i o s   d i a m e t e r / l e n g t h   (D L2,D L3  of   t h e  

f i r s t   c h a m b e r   (K1)  and  s e c o n d   c h a m b e r   (K2)  b e i n g   r e s p e c t i v e l y  

c o m p r i s e d   b e t w e e n   10  and  60  and  9  and  3 0 .  

7 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   c l a i m   2 , c h a r a c -  

t e r i z e d   in   t h a t   t h e   f i r s t   a p e r t u r e   (01)  in   t h i s   i n t e r m e d i a t e  

w a l l   (TW)  i s   c i r c u l a r ,   t h e   p r o d u c t   of   t h e   d i a m e t e r   (D1)  o f  

t h i s   a p e r t u r e   and  t h i c k n e s s   (d1)  of   t h i s   i n t e r m e d i a t e   w a l l  

b e i n g   c o m p r i s e d   b e t w e e n   2  mm  and  12  mm2. 

8 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to   c l a i m   2,  c h a r a c -  

t e r i z e d   in  t h a t   t h e   s e c o n d   a p e r t u r e s   (02,   03)  in   t h i s   o u t e r  

w a l l   (BW)  a r e   c i r c u l a r ,   t h e   p r o d u c t   of   t h e   sum  of   t h e   d i a m e -  

t e r s   (D2,  D3)  of  t h e s e   a p e r t u r e s   and  t h i c k n e s s   (d2)  of   t h i s  

o u t e r   w a l l   (BW)  b e i n g   c o m p r i s e d   b e t w e e n   10  mm2  and  20  mm2. 

9 . -   E l e c t r o - a c o u s t i c a l   c o n v e r t e r   a c c o r d i n g   to  one  of   t h e   p r e -  

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

(TW)  and  o u t e r   w a l l   (BW)  a r e   made  of  a  p l a s t i c   m a t e r i a l ,   a s  

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