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©  VIBRATING  PLATE  FOR  SPEAKER. 

A  vibrating  plate  used  for  a  speaker  of  an  acoustic 
equipment  such  as  a  stereophonic  player,  a  television  or  the 
like  which  is  composed  of  a  composite  material  formed  of 
polyimide  resin,  finely  pulverized  graphite  powder  particles 
and  a  strong,  highly  elastic  fibrous  cloth.  When  the 
polyimide  resin  having  excellent  heat  stability,  the  finely 
pulverized  graphite  powder  particles  having  high  internal 
loss  increasing  effects  and  the  strong  highly  elastic  fibrous 
cloth  having  a  high  specific  elastic  modulus  are  combined, 
various  mechanical  strengths  and  fatigue  resistance  are 
improved,  and  a  vibrating  plate  having  excellent  and  ba- 
lanced  characteristics  such  as  specific  elastic  modulus, 
internal  loss,  various  mechanical  strengths,  heat  stability  and 
fatigue  resistance  can  be  obtained. 



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   a  v i b r a t o r y  

d i a p h r a g m   f o r   a  l o u d s p e a k e r .   More  p a r t i c u l a r l y ,   i t   r e l a t e s  

to  a  v i b r a t o r y   d i a p h r a g m   f o r   u se   in  a  l o u d s p e a k e r   of  t h e  

sound   a p p l i a n c e s   such   as  home  s t e r e o p h o n i c   p h o n o g r a p h s ,  

a u t o s t e r e o s ,   t e l e v i s i o n   r e c e i v e r s ,   r a d i o s   or  t a p e   r e c o r d e r s .  

B a c k g r o u n d   A r t   of  t h e   I n v e n t i o n  

A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   ( h e r e i n -  

a f t e r   r e f e r r e d   to   as  t h e   " d i a p h r a g m " ) ,   so  f a r ,   has   m o s t l y  

b e e n   made  of  p a p e r .   The  p r i n c i p a l   r e a s o n s   why  p a p e r  

d i a p h r a g m   has   w i d e l y   b e e n   u s e d   a r e ;   t h a t   t h e   raw  m a t e r i a l   i s  

e a s i l y   o b t a i n a b l e ,   t h a t   r e l a t i v e l y   f l a t   r e g e n e r a t i n g  

f r e q u e n c y   c h a r a c t e r i s t i c s   can  be  o b t a i n e d   b e c a u s e   of  i t s  

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

i t   has   low  d e n s i t y   and  h e n c e   i s   l i g h t   in  w e i g h t .   H o w e v e r ,   o n  

t h e   o t h e r   h a n d ,   a  p a p e r   d i a p h r a g m   has   d i s a d v a n t a g e s   t h a t   a  

sound   d i s t o r t i o n   g e n e r a t e s   and  an  u p p e r   r e g e n e r a t i n g  

f r e q u e n c y   l i m i t   is   low,   b e c a u s e   i t   has   low  s p e c i f i c   m o d u l u s  

and  b e g i n s   a  s e p a r a t i o n   v i b r a t i o n   a t   a  r e l a t i v e l y   l o w  

f r e q u e n c y .   M o r e o v e r ,   b e c a u s e   p a p e r   e a s i l y   a b s o r b s   m o i s t u r e ,  

t h e   p a p e r   d i a p h r a g m   has   a  d i s a d v a n t a g e   t h a t   sound   q u a l i t y   i s  

i n f l u e n c e d   by  e n v i r o n m e n t s .  

On  t h e   o t h e r   h a n d ,   a  m e t a l   d i a p h r a g m   made  of  m e t a l  

such   as  b e r y l l i u m ,   b o r o n   or  t i t a n i u m   has   a  f e a t u r e   t h a t   t h e  

u p p e r   r e g e n e r a t i n g   f r e q u e n c y   l i m i t   is  h i g h ,   b e c a u s e   of  t h e  



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

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

i n t e r n a l   l o s s ,   s h a r p   p e a k s   and  d i p s   a p p e a r   in  t h e  

r e g e n e r a t i n g   f r e q u e n c y   c h a r a c t e r i s t i c s .   M o r e o v e r ,   b e c a u s e  

such   m e t a l s   a r e   i n f e r i o r   in   m a l l e a b i l i t y   and  d u c t i l i t y ,   t h e y  

h a v e   d i s a d v a n t a g e s   t h a t   i t   i s   d i f f i c u l t   to   fo rm  t h i n   and  t o  

fo rm  in   a  c o n e -   or  d o m e - l i k e  .  

R e c e n t l y ,   in  c o n t r a s t   w i t h   such   p a p e r   and  m e t a l  

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

p l a s t i c s   ( h e r e i n a f t e r   r e f e r r e d   to   as  t h e   "FRP  d i a p h r a g m " )   i s  

b e g i n n i n g   to   be  u s e d   in  some  l o u d s p e a k e r s .   For   e x a m p l e ,   i n  

t h e   s p e c i f i c a t i o n   of  J a p a n e s e   p a t e n t   u n e x a m i n e d   p u b l i c a t i o n  

n u m b e r   5 9 4 1 6 / 7 8   or  1 0 6 0 2 6 / 7 8 ,   an  FRP  d i a p h r a g m   made  o f  

t h e r m o s e t t i n g   r e s i n   such   as  p h e n o l i c   or  e p o x y   r e s i n  

r e i n f o r c e d   by  c a r b o n   f i l a m e n t   f a b r i c   i s   d e s c r i b e d .  

T h i s   FRP  d i a p h r a g m   has   a  f e a t u r e   t h a t   t h e   s p e c i f i c  

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

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

m o d u l u s ,   e s p e c i a l l y   in  t h e   f o rm  of  f a b r i c   of  c o n t i n u o u s  

f i l a m e n t s .   H o w e v e r ,   t h e   i n t e r n a l   l o s s   i s   f a i r l y   s m a l l  

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

t h a t   of   t h e   m e t a l   d i a p h r a g m ,   so  t h a t   s h a r p   p e a k s   and  d i p s  

a l s o   a p p e a r   in  t h e   r e g e n e r a t i n g   f r e q u e n c y   c h a r a c t e r i s t i c s .  

M o r e o v e r ,   e s p e c i a l l y   in  l o u d s p e a k e r   of  as  h i g h   i n p u t   p o w e r  

as  more   t h a n   s e v e r a l   t e n s   of  w a t t ,   h e a t   g e n e r a t i o n   a t   t h e  

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

b e t w e e n   t h e   v o i c e  c o i l   and  t h e   d i a p h r a g m   w i l l   be  as  h i g h   a s  

more   t h a n   2 0 0  ° C .   In  such   a  c a s e ,   b e c a u s e   t h e   a f o r e m e n t i o n e d  



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

h e a t - d u r a b i l i t y   such   as  p h e n o l i c   or  e p o x y   r e s i n ,   t h e  

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

r e g e n e r a t i n g   f r e q u e n c y   l i m i t   and  a  sound   p r e s s u r e   l e v e l  

e s p e c i a l l y   a t   h i g h   f r e q u e n c y   a r e a   of  t h e   r e g e n e r a t i n g  

f r e q u e n c y   c h a r a c t e r i s t i c s ,   become   l o w e r .   The  same  p h e n o m e n a  

i s   more  r e m a r k a b l e   when  u s e d   f o r   a  l o n g   t i m e   u n d e r   t h e  

b u r n i n g   sun ,   as  an  a u t o s t e r e o   or  an  a u t o r a d i o .  

On  t h e   o t h e r   h a n d ,   in  t h e   s p e c i f i c a t i o n   o f  

J a p a n e s e   p a t e n t   u n e x a m i n e d   p u b l i c a t i o n   n u m b e r   1 5 8 8 0 0 / 8 0 ,   a  

d i a p h r a g m   made  of  c o m p o s i t e   m a t e r i a l   c o m p o s e d   of  p o l y i m i d e  

r e s i n   and  g r a p h i t e   f l a k e s   is   d e s c r i b e d .   T h i s   d i a p h r a g m   h a s  

t h e   i n t e r n a l   l o s s   a l m o s t   e q u a l   to   t h a t   of  t h e   p a p e r  

d i a p h r a g m   and  t h e   s p e c i f i c   m o d u l u s   is   a l s o   f a i r l y   h i g h .  

M o r e o v e r ,   a  d r o p   of  t h e   r e g e n e r a t i n g   f r e q u e n c y  

c h a r a c t e r i s t i c s   by  h e a t   i s   l i t t l e   m a t t e r   u n l i k e   in  t h e  

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

r e s i n   has   a  h i g h   h e a t   r e s i s t a n c e .   H o w e v e r ,   t h e   d i a p h r a g m   h a s  

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

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

N a m e l y ,   in  o r d e r   to  o b t a i n   h i g h   s p e c i f i c   m o d u l u s  

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

c o n t a i n s   a  l o t   of  g r a p h i t e   f l a k e s   as  much  as  a b o u t   3 0  -   90  % 

by  v o l u m e   b a s e d   on  t h e   w h o l e   v o l u m e .   T h e r e f o r e ,   t h e  

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

t h e   i m p a c t   s t r e n g t h ,   a r e   v e r y   low.   I f   t he   b e n d i n g   s t r e n g t h  

is   low,  t he   d i a p h r a g m   c r a c k s   or  in  t he   w o r s t   c a s e   c r e a v e s  

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



t h e   d i a p h r a g m   moves  in  d i f f e r e n t   p h a s e s   in  t h e   s e p a r a t i o n  

v i b r a t i o n   a r e a .   M o r e o v e r ,   i f   t h e   i m p a c t   s t r e n g t h   i s   l ow,   t h e  

d i a p h r a g m   g e n e r a t e s   c r a c k s   a t   a  s h a r p   r i s i n g - u p   s o u n d ,  

e s p e c i a l l y   w i t h   l a r g e   i n p u t   p o w e r   in  l o w e r   f r e q u e n c y   a r e a .  

F u r t h e r ,   a  d i a p h r a g m   i s   g e n e r a l l y   made  in   a  v e r y  

t h i n   f o rm  so  t h a t   i t   i s   l i g h t   and  has   a  b e t t e r   e f f i c i e n c y .  

U s u a l l y   i t   i s   f o r m e d   in  t h e   s h a p e   of  c o n e -   or   d o m e - l i k e .  

M o r e o v e r ,   to   i m p r o v e   t h e   r e g e n e r a t i n g   f r e q u e n c y  

c h a r a c t e r i s t i c s ,   t h e   r i d g e s   or  t h e   c o r r u g a t i o n s   a r e   o f t e n  

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

i t s   s h a p e   i s   c o n e -   or  d o m e - l i k e   as  a  w h o l e .   H o w e v e r ,   a  

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

f l a k e s   has   a  p o o r   m o l d a b i l i t y   and  t e n d s   to  b r e a k   in  t h e  

m a n u f a c t u r i n g   p r o c e s s .   Even  when  t h e   m o l d i n g   i s   s u c c e s s f u l ,  

i t   i s   d i f f i c u l t   to  s h a p e   p r e c i s e l y   and  u n i f o r m l y   in  d e t a i l .  

In  o t h e r   w o r d s ,   t h e   d i a p h r a g m   made  of  c o m p o s i t e   m a t e r i a l   o f  

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

t h e   u n i f o r m i t y   in  t h i c k n e s s .   T h u s ,   t he   m e c h a n i c a l   s t r e n g t h s  

become   much  l o w e r .  

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

m e r i t s   and  d e m e r i t s   in  v a r i o u s   c h a r a c t e r i s t i c s   s u c h   as  t h e  

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

t h e   m e c h a n i c a l   s t r e n g t h s   and  t h e   f a t i g u e   r e s i s t a n c e   w h i c h  

a r e   a l l   i m p o r t a n t   f o r   a  d i a p h r a g m .   T h e r e f o r e ,   a  d i a p h r a g m   o f  

w e l l - b a l a n c e d   c h a r a c t e r i s t i c s   has   been   d e s i r e d .  

D i s c l o s u r e   of  t h e   I n v e n t i o n  

An  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   is   to   p r o v i d e   a  

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



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

t h e   t h e r m a l   s t a b i l i t y ,   t h e   m e c h a n i c a l   s t r e n g t h s   and  t h e  

f a t i g u e   r e s i s t a n c e .  

A n o t h e r   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   i s   t o  

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

e x t i n g u i s h e d   s o u n d   q u a l i t y .  

In  o r d e r   to   a c h i e v e   t h e   a b o v e   o b j e c t s   i n  

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 ,   a  d i a p h r a g m   made  o f  

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

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

f i l a m e n t s   i s   h e r e b y   p r o p o s e d .   The  d i a p h r a g m   of  t h e   p r e s e n t  

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

c h a r a c t e r i s t i c s ,   and  has   l i t t l e   d r o p s   of  t h e   c h a r a c t e r i s t i c s  

and  t h e   s o u n d   q u a l i t y   w i t h   v a r y i n g   e n v i r o n m e n t s   or  when  u s e d  

f o r   a  l o n g   t i m e .  

The  B e s t   Mode  to   C a r r y i n g   o u t   t h e   I n v e n t i o n  

A  d i a p h r a g m   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

e x p l a i n e d   in  d e t a i l   h e r e i n b e l o w .  

A  d i a p h r a g m   of  t h e   p r e s e n t   i n v e n t i o n   i s   made  o f  

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

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

f i l a m e n t s .   N a m e l y ,   t h i s   d i a p h r a g m   is   a  k i n d   of  FRP  d i a p h r a g m  

made  of  m i x t u r e   of  p o l y i m i d e   r e s i n   and  g r a p h i t e   g r a n u l e s  

u n i f o r m l y   d i s p e r e d   in  p o l y i m i d e   r e s i n ,   w h i c h   is   r e i n f o r c e d  

by  f a b r i c   of  h i g h   s t r e n g t h   and  h i g h   m o d u l u s   f i l a m e n t s .   T h e  

m i x t u r e   w e l l   e n t e r   i n t o   t h e   i n t e r i o r   of  t he   t e x t i l e  

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

no  p o r e s   in  i t .   The  d i a p h r a g m   is   in  t h e   form  of  p l a t e ,   c o n e -  



or  d o m e - l i k e .   The  r i d g e s   or  t h e   c o r r u g a t i o n s   may  s o m e t i m e s  

be  f o r m e d .   The  t h i c k n e s s   of  t h e   d i a p h r a g m   i s   a b o u t   0 . 0 2  -  

0 .7   mm  and  i t   c o n t a i n s   f a i r l y   t h i n n e r   r a n g e   t h a n   t h a t   of  t h e  

m o s t   w i d e l y   u s e d   p a p e r   o n e s .  

N e x t ,   t h e   a f o r e m e n t i o n e d   p o l y i m i d e   r e s i n ,   t h e  

g r a p h i t e   g r a n u l e s   and  t h e   f a b r i c   w i l l   be  e x p l a i n e d .  

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

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

t h e   m e c h a n i c a l   s t r e n g t h s   of  t h e   d i a p h r a g m .   T h i s   p o l y i m i d e  

r e s i n   i s   mos t   p r e f e r a b l y   a  h o m o p o l y m e r   or  c o p o l y m e r   o f  

b i s m a l e i m i d e .   As  s u c h   p o l y i m i d e   i s   o b t a i n e d   t h r o u g h   a n  

a d d i t i o n   p o l y m e r i z a t i o n ,   no  v o l a t i l e   s u b s t a n c e   g e n e r a t e s  

d u r i n g   m o l d i n g   p r o c e s s ,   and  p o r e s   h a r d l y   r e m a i n   in  t h e  

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

h i g h ,   t h e   d i s p e r s a b i l i t y   of  g r a p h i t e   g r a n u l e s   and  t h e  

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

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

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

and  t h e   i n t e r n a l   l o s s   i s   e x t r e m e l y   r e d u c e d .  

In  t h e   a b o v e ,   b i s m a l e i m i d e   i s ,   f o r   e x a m p l e ,  

N , N ' - e t h y 1 e n e - b i s m a 1 e i m i d e ,   N , N ' - h e x a m e t h y l e n e - b i s m a l e i m i d e ,  

N , N ' - m e t a p h e n y l e n e - b i s m a l e i m i d e ,   N , N ' - p a r a p h e n y l e n e -  

b i s m a l e m i d e ,   N , N ' - p , p ' - d i p h e n y l m e t h a n e - b i s m a l e i m i d e ,  

N , N ' - p , p ' - d i p h e n y l e t h e r - b i s m a l e i m i d e   or  N , N ' - p , p ' -  

d i c y c l o h e x y l m e t h a n e - b i s m a l e i m i d e .   And  c o m p o u n d   w h i c h   i s  

c o p o l y m e r i z e d   i s ,   f o r   e x a m p l e ,   p o l y a m i n e   s u c h   a s  

4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e ,   c o n d e n s a t i o n   p r o d u c t   of  a n i l i n e  

and  f o r m a l d e h y d e ,   4 , 4 ' - d i a m i n o d i p h e n y l e t h e r ,  



4 , 4 ' - d i a m i n o d i c y c l o h e x y l m e t h a n e ,   4 , 4 ' - d i a m i n o d i p h e n y l -  

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

m u l t i - f u n c t i o n a l   c y a n i c   a c i d   e s t e r   such   as  c y a n i c   a c i d   e s t e r  

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

a c i d ,   v i n y l   c o m p o u n d ,   or  e p o x y   c o m p o u n d .  

P o l y i m i d e   r e s i n   may  be  p o l y m a l e i m i d e a m i n e   p r e p a r e d  

f r o m   m a l e i c   a c i d   and  p o l y a m i n e ,   p o l y a m i d e i m i d e   p r e p a r e d   f r o m  

t r i c a r b o x y l i c   a c i d   and  p o l y a m i n e ,   p o l y a m i d e i m i d e   p r e p a r e d  

f rom  t r i c a r b o x y l i c   a c i d ,   u n s a t u r a t e d   d i c a r b o x y l i c   a c i d   a n d  

p o l y a m i n e ,   p o l y i m i d e   p r e p a r e d   f rom  t e t r a c a r b o x y l i c   a c i d   a n d  

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

bond   such   as  v i n y l   or  e t h y n y l   g r o u p ,   as  t h e   end  g r o u p ) .   I n  

t h e   a b o v e ,   p o l y a m i n e   i s ,   f o r   e x a m p l e ,   4 , 4 ' - d i a m i n o d i p h e n y l -  

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

4 , 4 ' - d i a m i n o d i p h e n y l e t h e r ,   4 , 4 ' - d i a m i n o d i p h e n y l s u l f o n e ,  

4 , 4 ' - d i a m i n o d i c y c l o h e x y l m e t h a n e ,   m e t a p h e n y l e n e d i a m i n e   o r  

p a r a p h e n y l e n e d i a m i n e .   And  t r i c a r b o x y l i c   a c i d   i s ,   f o r  

e x a m p l e ,   t r i m e l l i t i c   a c i d ,   3 , 3 ' , 4 - b e n z o p h e n o n e t r i c a r b o x y l i c  

a c i d ,   1 , 4 , 5 - n a p h t h a l e n e t r i c a r b o x y l i c   a c i d   or   1 , 2 , 4 -  

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

a c i d   i s ,   f o r   e x a m p l e ,   t e t r a h y d r o p h t h a l i c   a c i d ,   5 - n o r b o r n e n e -  

2 , 3 - d i c a r b o x y l i c   a c i d   or  m e t h y l - 5 - n o r b o r n e n e - 2 , 3 -  

d i c a r b o x y l i c   a c i d .   And  t e t r a c a r b o x y l i c   a c i d   i s ,   f o r   e x a m p l e ,  

p y r o m e l l i t i c   a c i d ,   3 , 3 ' , 4 , 4 ' - b e n z o p h e n o n e t e t r a c a r b o x y l i c  

a c i d ,   2 , 3 , 6 , 7 - n a p h t h a l e n e t e t r a c a r b o x y l i c   a c i d ,   3 , 3 ' , 4 , 4 ' -  

d i p h e n y l t e t r a c a r b o x y l i c   a c i d ,   3 , 3 ' , 4 , 4 ' - d i p h e n y l m e t h a n e -  

t e t r a c a r b o x y l i c   a c i d   or  4 , 4 ' - h e x a f l u o r o i s o p r o p y l i d e n e -  

b i s p h t h a l i c   a c i d .  



The  g r a p h i t e   g r a n u l e s   m a i n l y   a c t   to   i n c r e a s e   t h e  

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

d i a p h r a g m .   Bo th   n a t u r a l   and  a r t i f i c i a l   g r a p h i t e   g r a n u l e s   may  

be  e m p l o y e d ,   w h i l e   f l a k e - l i k e   s h a p e   of  1  -   200  m i c r o n s   in  a n  

a v e r a g e   d i a m e t e r   i s   p r e f e r a b l e .   I f   t h e   a v e r a g e   d i a m e t e r   i s  

l e s s   t h a n   1  m i c r o n ,   a  s u f f i c i e n t   i n c r e a s e   in  i n t e r n a l   l o s s  

and  an  i m p r o v e m e n t   in  t h e   s p e c i f i c   m o d u l u s   w i l l   b e  

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

h a v i n g   an  a v e r a g e   d i a m e t e r   of   more   t h a n   200  m i c r o n s   c a n n o t  

d i s p e r s e   w e l l   in   p o l y i m i d e   r e s i n .   When  t h e   m i x t u r e   of  t h e  

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

w i t h   t h e   f a b r i c ,   t h e   f a b r i c   a c t   as  a  k i n d   of  f i l t e r   a g a i n s t  

t h e   g r a p h i t e   g r a n u l e s .   T h e r e f o r e ,   i f   t h e   d i a m e t e r   of  t h e  

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

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

a r e   a p t   to   r e m a i n   on  t h e   s u r f a c e   of  t h e   f a b r i c .   T h e n ,   t h e  

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

g r a n u l e s   c a n n o t   be  o b t a i n e d .   M o r e o v e r ,   i f   t h e   g r a p h i t e  

g r a n u l e s   r e m a i n   t o o   much  on  t h e   s u r f a c e   of  t h e   f a b r i c ,   t h a t  

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

d e l a m i n a t e .   Most   p r e f e r a b l e   r a n g e   of  an  a v e r a g e   d i a m e t e r   i s  

5  -   50  m i c r o n s .  

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

t h e   m e c h a n i c a l   s t r e n g t h s   and  t h e   f a t i g u e   r e s i s t a n c e   of  t h e  

d i a p h r a g m .   And  t h e   f a b r i c   i s   made  of  h i g h   s t r e n g t h   and  h i g h  

m o d u l u s   f i l a m e n t s   such   as  c a r b o n ,   g l a s s   or  p o l y a r a m i d  

f i l a m e n t s .   The  " f i l a m e n t s "   in   t h e   p r e s e n t   i n v e n t i o n   mean  a  

b u n d l e   of  s i n g l e   f i l a m e n t s   h a v i n g   a  d i a m e t e r   of  3  -   15 



m i c r o n s ,   t h a t   is   m u l t i - f i l a m e n t s .   The  f a b r i c   i s  u s u a l l y  m a d e  

of  one  k i n d   of  f i l a m e n t s .   H o w e v e r ,   i t   may  be  made  o f  

c o m b i n a t i o n   of  two  or  more  k i n d s   of  f i l a m e n t s :   c a r b o n   a n d  

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

p o l y a r a m i d e   f i l a m e n t s ,   or  c a r b o n ,   g l a s s   and  p o l y a r a m i d e  

f i l a m e n t s .  

Woven  f a b r i c   is   m o s t   p r e f a r a b l e   b e c a u s e   t h e  

f i l a m e n t s   a r e   s t r a i g h t   and  i m p r o v e m e n t   in  t h e   s p e c i f i c  

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

b e c o m e s   h i g h e r .   In  t h a t   c a s e ,   i f   t h e   f i l a m e n t s   l a r g e l y   c r i m p  

a t   t h e   c r o s s   p o i n t   of  w a r p s   and  w e f t s ,   t h e   f a b r i c   i n c r e a s e s  

in  t h i c k n e s s   and  w e i g h t ,   and  t h e   s p e c i f i c   m o d u l u s   and  t h e  

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

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

p l a t e .   In  o r d e r   to   p r e v e n t   t h i s ,   t h e   f i l a m e n t s   a r e  

p r e f e r a b l y   f i n e ;   t h e   c r o s s   s e c t i o n a l   a r e a   i s   as  s m a l l   a s  

0 . 0 0 0 3  -   0 .1   mm2. 

The  p l a i n   weave   s t r u c t u r e   is  m o s t   p r e f e r a b l e   f o r  

t he   f a b r i c   b e c a u s e   i t   can  be  made  t h i n   and  t h u s   a  l i g h t  

d i a p h r a g m   is   o b t a i n a b l e ,   and  b e c a u s e ,   when  f o r m e d   to   c o n e -  

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

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

t he   d i a p h r a g m   a r e   u n i f o r m .   H o w e v e r ,   t he   o t h e r   s t r u c t u r e s  

such   as  t w i l l   or  s a t i n   may  a l s o   be  e m p l o y e d .   I f   t h e   w e a v e  

d e n s i t y   i s   t o o   low,   t h e   f i l a m e n t s   s e p a r a t e   f rom  t h e   m i x t u r e  

of  t h e   p o l y i m i d e   r e s i n   and  t h e   g r a p h i t e   g r a n u l e s .   On  t h e  

o t h e r   h a n d ,   i f   i t   i s   t oo   h i g h ,   t h e   m i x t u r e   can  h a r d l y   e n t e r  

i n t o   t h e   i n t e r i o r   of  t h e   f a b r i c .   In  b o t h   c a s e s ,   t h e  



m e c h a n i c a l   s t r e n g t h s   of  t h e   d i a p h r a g m   a r e   a p t   t o   be  l o w :  -  

T h e r e f o r e ,   i t   i s   p r e f e r r e d   t h a t   t h e   w e a v e   d e n s i t y   is   a b o u t   3 

-  40  f i l a m e n t s / c m .   More  p r e f e r a b l y ,   i t   i s   4  -   30 

f i l a m e n t s / c m .  

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

a l s o   be  e m p l o y e d   as  f a b r i c .   T h o u g h   t h e   n o n - w o v e n   f a b r i c   i s  

o f t e n   c o m p o s e d   of  s h o r t   f i b e r s ,   an  e f f e c t   of  i m p r o v e m e n t   i n  

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

d i a p h r a g m   is   n o t   as  h i g h   as  w i t h   t h e   woven   f a b r i c ,   b e c a u s e  

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

m e n t i o n e d   l a t e r ,   in  many  c a s e s ,   i t   i s   n o t   e m p l o y e d   a l o n e   b u t  

i s   e m p l o y e d   t o g e t h e r   w i t h   t h e   woven   f a b r i c .   In  c a s e   of  t h e  

n o n - w o v e n   f a b r i c   u s i n g   l o n g   f i l a m e n t s ,   t h i s   i s   n o t   t he   c a s e .  

The  f a b r i c   may  be  e m p l o y e d   in  a  s i n g l e   p l y   or  i n  

m u l t i p l i e d   s h e e t s .   In  t h e   l a t t e r ,   t h e   f a b r i c   w h i c h   i s  

l a m i n a t e d   may  be  of  t h e   same  k i n d   or   d i f f e r e n t   k i n d ( s )   o f  

f i l a m e n t s .   For   e x a m p l e ,   in  a  t h r e e - l a y e r e d   s t r u c t u r e  

c o n s i s t i n g   of  c a r b o n   f i l a m e n t s   ( w h i c h   h a s   a  r e l a t i v e l y   h i g h  

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

of  g l a s s   or  p o l y a r a m i d   f i l a m e n t s   ( w h i c h   has   a  r e l a r t i v e l y  

h i g h   i n t e r n a l   l o s s ) ,   t h e   p o t e n t i a l   m e r i t s   of  t h e   i n d i v i d u a l  

f a b r i c   s i m u l t a n e o u s l y   a p p e a r .   M o r e o v e r ,   t h e   l a m i n a t i o n   o f  

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

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

f a b r i c   on  b o t h   s i d e s   of  t h e   c e n t e r   n o n - w o v e n   f a b r i c ,   t h e  

s h o r t   f i b e r s   of  t h e   n o n - w o v e n   f a b r i c   move  i n t o   t h e   o p e n i n g s  

of   t h e   woven  f a b r i c   so  as  to   a d h e r e   f i r m l y   t h e   two  w o v e n s :  

e a c h   l a y e r   h a r d l y   s e p a r a t e   f rom  e a c h   o t h e r   and  t h e  



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

t h e   d i a p h r a g m   i m p r o v e .  

N e x t ,   t h e   c o n t e n t   of  p o l y i m i d e   r e s i n ,   t h e   g r a p h i t e  

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

w i l l   be  e x p l a i n e d .  

P o l y i m i d e   r e s i n   is   t h e   m a t r i x   m a t e r i a l   of  t h e  

d i a p h r a g m   as  m e n t i o n e d   a b o v e   and  i m p r o v e s   m a i n l y   t h e   t h e r m a l  

s t a b i l i t y   and  t h e   m e c h a n i c a l   s t r e n g t h s .   For   t h i s   p u r p o s e ,  

i t s   c o n t e n t   is   p r e f e r a b l y   more  t h a n   35 %  by  v o l u m e .   H o w e v e r ,  

i f   i t   is   t oo   much,   an  e f f e c t   of  i m p r o v e m e n t   in  the   s p e c i f i c  

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

d r o p s   and  an  e f f e c t   of  i n c r e a s e   in  t h e   i n t e r n a l   l o s s   i s   a l s o  

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

g r a p h i t e   g r a n u l e s   b e c o m e s   l o w e r .   T h e r e f o r e ,   i t   is  p r e f e r r e d  

t h a t   t h e   c o n t e n t   is   u n d e r   65  %  by  v o l u m e .  

I f   t h e   g r a p h i t e   g r a n u l e s   a r e   o v e r   5  %  by  v o l u m e ,  

t h e   i n t e r n a l   l o s s   is   i m p r o v e d   f a i r l y   w e l l :   i t   i n c r e a s e s  

p r o p o r t i o n a l l y   up  to   a b o u t   30  %  by  v o l u m e .   H o w e v e r ,   i f   i t  

b e c o m e s   o v e r   30 %  by  v o l u m e ,   t h e   i n c r e a s e   i s   s a t u r a t e d ,  

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

p r e f e r r e d   t h a t   t h e   c o n t e n t   of  g r a p h i t e   g r a n u l e s   is  5  -   30  % 

by  v o l u m e .  

F u r t h e r ,   i t   is   p r e f e r r e d   t h a t   t h e   c o n t e n t   of  t h e  

f a b r i c   is   2 0  -   50  %  by  v o l u m e ,   t h o u g h   d e p e n d i n g   on  the   k i n d  

of  t h e   f i l a m e n t s ,   t he   form  or  t h e   s t r u c t u r e .   Name ly ,   i f   i t  

is   l e s s   t h a n   20 %  by  v o l u m e ,   an  e f f e c t   of  i m p r o v e m e n t   in  t h e  

s p e c i f i c   m o d u l u s ,   t h e   m e c h a n i c a l   s t r e n g t h s   and  the   f a t i g u e  

r e s i s t a n c e   of  t he   d i a p h r a g m   is   s m a l l .   And  i f   i t   is  o v e r   50  % 



by  v o l u m e ,   t h e   t h e r m a l   s t a b i l i t y   and  t h e   i n t e r n a l   l o s s  

r e m a i n   u n i m p r o v e d ,   f o r   t h e   r e l a t i v e   c o n t e n t   of  t he   p o l y i m i d e  

r e s i n   and  t h e   g r a p h i t e   g r a n u l e s   become  l o w e r .  

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

i n v e n t i o n   may  be  c o n d u c t e d   as  f o l l o w s .   A f t e r   t h e   m i x t u r e   o f  

t h e  p o l y i m i d e   r e s i n   and  t h e   g r a p h i t e   g r a n u l e s ,   m i x e d   in  a  

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

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

s u c h   as  c o n e - l i k e   and  i s   p r e s s e d   a t   an  e l e v a t e d   t e m p e r a t u r e .  

I f   a  b e l t - l i k e   f a r b i c   i s   i m p r e g n a t e d   w i t h   t h e   m i x t u r e   and  i s  

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

c o n v e n i e n t l y   and  c o m m e r c i a l l y   be  m a n u f a c t u r e d .  

As  d e t a i l e d   a b o v e ,   t h e   d i a p h r a g m   of  t h e   p r e s e n t  

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

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

s t r e n g t h   and  h i g h   m o d u l u s   f i l a m e n t s .   The  p o l y i m i d e   r e s i n  

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

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

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

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

s t r e n g t h s   and  t h e   f a t i g u e   r e s i s t a n c e .   I t   i s   to   be  n o t e d   t h a t  

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

of  t h e   p r e s e n t   i n v e n t i o n   can  mee t   a l l   r e q u i r e m e n t s   such   a s  

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

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

in  a  w e l l - b a l a n c e d   m a n n e r ,   and  any  p a r t i c u l a r   c h r a c t e r i s t i c  

is   n e i t h e r   t o o   h i g h   no r   t o o   low.   T h u s , . w i t h   t h e   d i a p h r a g m   o f  

t h e   p r e s e n t   i n v e n t i o n ,   n o t   o n l y   t h e   low  d i s t o r t i o n   and  h i g h  



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

q u a l i t y   d u r i n g   a  v e r y   l o n g   t i m e   in  v a r y i n g   e n v i r o n m e n t s   a r e  

now  a c h i e v e d .  

E x a m p l e   1 

S e v e n t y - e i g h t   and  a  h a l f   w e i g h t   p a r t s   o f  

4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e   b i s m a l e i m i d e   and  2 1 . 5   w e i g h t  

p a r t s   of  4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e   w e r e   d i s s o l v e d   in  6 7 . 0  

w e i g h t   p a r t s   of  N - m e t h y l p y r r o l i d o n e .   The  s o l u t i o n   was  t h e n  

h e a t e d   a t   1 3 0  ° C   f o r   20  m i n u t e s .   A  40  %  by  w e i g h t   s o l u t i o n  

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

of  20  p o i s e s   a t   2 3  ° C   was  o b t a i n e d .  

T h e n ,   70  w e i g h t   p a r t s   of  f l a k e - l i k e   n a t u r a l  

g r a p h i t e   g r a n u l e s   CP,  m a n u f a c t u r e d   by  N i p p o n   Kokuen   C o . ,  

L t d . ,   we re   a d d e d   i n t o   100  w e i g h t   p a r t s   of  t h e   p o l y i m i d e  

s o l u t i o n   and  s t i r r e d   w i t h   a  m i x e r   f o r   1  h o u r .   An  a v e r a g e  

d i a m e t e r   of  t h e   g r a p h i t e   g r a n u l e s   was  a b o u t   7  m i c r o n s .  

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

g r a n u l e s   was  t h e n   i m p r e g n a t e d   to  a  p l a i n   w e a v e   f a b r i c  

WE-116E  of  g l a s s   f i l a m e n t s ,   m a n u f a c t u r e d   by  N i t t o   B o s e k i  

C o . ,   L t d . ,   by  u s i n g   a  w i r e - b a r   c o a t e r .   I t   was  f u r t h e r   h e a t e d  

f o r   20  m i n u t e s   in  a  h o t - a i r   d r y e r   m a i n t a i n e d   a t   1 3 0  ° C ,  

g i v i n g   a  p r e p r e g   of  woven  f a b r i c .   The  t h i c k n e s s   of  t h e   p l a i n  

w e a v e   f a b r i c   of  g l a s s   f i l a m e n t s   was  a b o u t   0 .1   mm,  and  w a r p  

and  w e f t   d e n s i t i e s   we re   a b o u t   23  f i l a m e n t s / c m   and  2 5 . 5  

f i l a m e n t s / c m ,   r e s p e c t i v e l y .  

Two  s q u a r e   s h e e t s   of  25  x  25  cm  w e r e   c u t   ou t   o f  

t h e   p r e p r e g   of  t h e   woven  f a b r i c ,   w h i c h   w e r e   p l a c e d  

r e c t a n g u l a r l y   so  t h a t   t he   warp   f i l a m e n t s   of  e a c h   s h e e t  



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

a  c o n e - l i k e   mold   and  m a i n t a i n e d   f o r   30  m i n u t e s   u n d e r   a  

p r e s s u r e   of  50  Kg/cm2  a t   200  °C.  T h u s ,   a  c o n i c a l   d i a p h r a g m  

of  t h e   p r e s e n t   i n v e n t i o n   h a v i n g   a b o u t   121  mm  in  o u t e r  

d i a m e t e r ,   a b o u t   20  mm  in  i n n e r   d i a m e t e r ,   a b o u t   26  mm  i n  

d e p t h   and  a b o u t   0 . 2 2   mm  in  t h i c k n e s s   was  o b t a i n e d .   T h e  

d i a p h r a g m   was  c o m p o s e d   of  a b o u t   49  %  of  p o l y i m i d e   r e s i n ,  

a b o u t   20 %  of   g r a p h i t e   g r a n u l e s   and  a b o u t   31  %  of  p l a i n  

weave   f a b r i c   of   g l a s s   f i l a m e n t s ,   a l l   by  v o l u m e .  

A  l o u d s p e a k e r   was  t h e n   o b t a i n e d   by  a d h e r e i n g   a  

p o l y u r e t h a n e   s p o n g e   edge   and  a  v o i c e   c o i l   and  by  f u r t h e r  

e q u i p p i n g   a  f r a m e   to   t h e   d i a p h r a g m .   H e r e i n a f t e r ,   t h e  

l o u d s p e a k e r   i s   c a l l e d   as  t h e   EXAMPLE. 

The  EXAMPLE  was  t h e n   i n s t a l l e d   in  a  c l o s e d  

e n c l o s u r e   h a v i n g   an  i n n e r   v o l u m e   of  45  l i t e r s ,   w h e r e   t h e  

r e g e n e r a t i n g   f r e q u e n c y   c h a r a c t e r i s t i c s   was  m e a s u r e d  

a c c o r d i n g   to   J a p a n e s e   I n d u t r i a l   S t a n d a r d   J I S   C  5531 .   T h e  

r e s u l t   i s   shown  by  a  f u l l   l i n e   in  F i g . l .   I n  F i g . l ,   F  i n  

a b s c i s s a   i s   an  o u t p u t   sound   p r e s s u r e   l e v e l   and  P  in   o r d i n a t e  .  

i s   a  f r e q u e n c y .  

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

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

a b o u t   6 1 . 2   %  of  p o l y i m i d e   r e s i n   and  a b o u t   3 8 . 8  %   of  p l a i n  

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

s i m i l a r l y .   F u r t h e r ,   a  l o u d s p e a k e r   u s i n g   t h e   d i a p h r a g m   w a s  

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

t h e   COMPARATIVE.  The  l o u d s p e a k e r   was  t h e n   i n s t a l l e d   in  a n  

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



was  m e a s u e r e d   by  t h e   same  c o n d i t i o n   as  in  t h e   EXAMPLE.  T h e  

r e s u l t   is   shown  by  a  d o t t e d   l i n e   in  F i g . l .  

I t   i s   c l e a r   f rom  F i g . l ,   t h e   r e g e n e r a t i n g   f r e q u e n c y  

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

t h e   p r e s e n t   i n v e n t i o n ,   n a m e l y   t h e   EXAMPLE,  a r e   v e r y   s m o o t h  

w i t h   few  s h a r p   p e a k s   and  d i p s ,   c o m p a r e d   w i t h   t h e   l o u d s p e a k e r  

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

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

COMPARATIVE.  T h i s   shows  t h a t   a  c o n s i d e r a b l e   i n c r e a s e   in   t h e  

i n t e r n a l   l o s s   of  t h e   d i a p h r a g m   is   r e a l i z e d   by  t h e   use   o f  

o n l y   such   a  s m a l l   a m o u n t   of  g r a p h i t e   g r a n u l e s   as  20 %  b y  

v o l u m e .   M o r e o v e r ,  t h e   u p p e r   r e g e n e r a t i n g   f r e q u e n c y   l i m i t   o f  

t h e   COMPARATIVE  is   much  l o w e r   t h a n   t h e   EXAMPLE.  The  u p p e r  

r e g e n e r a t i n g   f r e q u e n c y   l i m i t   is   a  f u n c t i o n   of  t he   s p e c i f i c  

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

on  f a b r i c   of  g l a s s   f i l a m e n t s .   A c c o r d i n g l y ,   i t   i s   p r e s u m e d  

t h a t   t h e r e   i s   some  u n e x p e c t e d   e f f e c t   of  g r a p h i t e   g r a n u l e s  

when  t h e y   a r e   u s e d   in  a d d i t i o n   of  p l a i n   weave   f a b r i c   o f  

g l a s s   f i l a m e n t s ,   f o r   b o t h   t h e   EXAMPLE  and  t h e   COMPARATIVE 

use   f a b r i c .  

To  c o n f i r m   t h e   a b o v e ,   t e s t   p i e c e s   of  2  cm  w i d e   a n d  

10  cm  l o n g   w e r e   c u t   f rom  t h e   m a t e r i a l   u s e d   in  t h e   EXAMPLE 

and  t he   COMPARATIVE.  T h e n ,   t he   i n t e r n a l   l o s s   and  t h e   s o u n d  

s p e e d   w h i c h   i s   an  i n d e x   of  t he   s p e c i f i c   m o d u l u s   w e r e  

m e a s u r e d   w i t h   r e s p e c t   to  t h e   t e s t   p i e c e s .   The  m e a s u r e m e n t  

was  c o n d u c t e d   by  g i v i n g   a  f r e e   d a m p i n g   v i b r a t i o n   to  e a c h  

t e s t   p i e c e   f i x e d   a t   one  end  and  o b s e r v i n g   i t   w i t h   a n  

o s c i l l o s c o p e .  



As  t h e   r e s u l t   of   t h e   m e a s u r e m e n t   a t   r o o m  

t e m p e r a t u r e ,   t h e   i n t e r n a l   l o s s   of  t h e   EXAMPLE  was  a b o u t  

0 . 0 3 0   and  t h e   s o u n d   s p e e d   was  a b o u t   3800  m / s e c .   At  200  ° C ,  

t h e s e   v a l u e s   w e r e   a b o u t   0 . 0 4 9   and  a b o u t   3550  m / s e c ,  

r e s p e c t i v e l y .   N a m e l y ,   i t   i s   to   be  u n d e r s t o o d   t h a t   b o t h   t h e  

i n t e r n a l   l o s s   and  t h e   s o u n d   s p e e d   a r e   f a i r l y   h i g h ,   even   a t   a  

h i g h e r   t e m p e r a t u r e .   In  c o n t r a s t   to   t h i s ,   t h e   s o u n d   s p e e d   o f  

t h e   COMPARATIVE  was  a b o u t   3400  m / s e c ,   a  s i m i l a r   v a l u e  

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

as  s m a l l   as  a b o u t   0 . 0 0 6 .  

The  b e n d i n g   s t r e n g t h   of  t h e   same  t e s t   p i e c e s   w a s  

t h e n   m e a s u r e d   w i t h   T e n t i o n - b e n d i n g   T e s t e r   "AUTOGRAPH" 

I S - 5 0 0 0 ,   m a n u f a c t u r e d   by  SHIMADZU  CORPORATION,  to  g i v e   a b o u t  

50  Kg/mm2  f o r   t h e   t e s t   p i e c e   of  t h e   EXAMPLE,  w h i l e   f o r   t h e  

t e s t   p i e c e   of  t h e   COMPARATIVE  i t   was  a b o u t   55  Kg/rom2,  a  

l i t t l e   l e s s   t h a n   t h a t   of  t h e   t e s t   p i e c e   of  t h e   EXAMPLE. 

H o w e v e r ,   t h i s   w i l l   be  e n o u g h   f o r   p r a c t i c a l   u s e .  

To  d e t e r m i n e   how  t h e   a b o v e   c h a r a c t e r i s t i c s   of  t h e  

d i a p h r a g m   of  t h e   EXAMPLE  and  t h e   COMPARATIVE  a f f e c t  

d i s t o r t i o n   c h a r a c t e r i s t i c s ,   t h e   s e c o n d   h a r m o n i c   d i s t o r t i o n  

was  t h e n   m e a s u r e d   by  t h e   m e t h o d   of  J a p a n e s e   I n d u s t r i a l  

S t a n d a r d   J I S   C  5531 ,   t h e   r e s u l t   b e i n g   shown  in  F i g . 2 .   I n  

F i g . 2 ,   F  in  a b s c i s s a   and  S  in  o r d i n a t e   a r e   t h e   f r e q u e n c y   a n d  

t h e   s e c o n d   h a r m o n i c   d i s t o r t i o n ,   r e s p e c t i v e l y .   From  F i g . 2 ,  

t h e   s e c o n d   h a r m o n i c   d i s t o r t i o n   of  t h e   EXAMPLE  shown  by  a  

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

COMPARATIVE  shown  by  a  d o t t e d   l i n e .  

E x a m p l e   2 



By  t h e   same  m e t h o d   as  in  E x a m p l e   1  b u t   e m p l o y i n g  

p l a i n   weave   f a b r i c   #6142   of  c a r b o n   f i l a m e n t s ,   m a n u f a c t u r e d  

by  T o r a y   I n d u s t r i e s ,   I n c . ,   a  c o n i c a l   d i a p h r a g m   c o m p o s e d   o f  

a b o u t   4 2 . 0  %   of  p o l y i m i d e   r e s i n ,   a b o u t   2 0 . 2   %  of  g r a p h i t e  

g r a n u l e s   and  a b o u t   3 7 . 8  %   of  p l a i n   weave   f a b r i c   of  c a r b o n  

f i l a m e n t s   by  v o l u m e   was  p r e p a r e d .   The  t h i c k n e s s   of  t h i s  

d i a p h r a g m   was  a b o u t   0 . 3 1   mm.  The  t h i c k n e s s   of  t h e   p l a i n  

weave   f a b r i c  o f   c a r b o n   f i l a m e n t s   was  a b o u t   0 . 1 5   mm  and  t h e  

weave   d e n s i t i e s   w e r e   a b o u t   8 .9   f i l a m e n t s / c m   in  b o t h   warp   a n d  

w e f t   d i r e c t i o n s .  

The  i n t e r n a l   l o s s ,   t h e   s o u n d   s p e e d   and  t h e   b e n d i n g  

s t r e n g t h   m e a s u r e d   by  t h e   same  m e t h o d s   as  in  E x a m p l e   1  w i t h  

r e s p e c t   to   t h i s   d i a p h r a g m   w e r e   a b o u t   0 . 0 3 2 ,   a b o u t   4100  m / s e c  

and  a b o u t   100  kg /mm2,   r e s p e c t i v e l y .  

B r i e f   Summary  of  t h e   D r a w i n g s  

F i g . l   shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

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

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

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

c o n s i s t i n g   of  p o l y i m i d e   r e s i n   and  p l a n e   weave   f a b r i c   o f  

g l a s s   f i l a m e n t s .   F i g . 2   shows  t he   r e l a t i o n s h i p   b e t w e e n   t h e  

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

l o u d s p e a k e r s   u s i n g   t h e   a f o r e m e n t i o n e d   two  k i n d s   o f  

d i a p h r a g m s .  



1.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   made  o f  

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

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

f i l a m e n t s .  

2.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   t h i c k n e s s   i s   0 . 0 2  -   0 .7   mm. 

3 . - A   v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e   c o n t e n t   of  t h e   p o l y i m i d e  

r e s i n   i s   3 5  -  6 5  %   by  v o l u m e .  

4.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   p o l y i m i d e   r e s i n   i s   a  p o l y m e r  

of   b i s m a l e i m i d e .  

5.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   4,  w h e r e i n   t h e   b i s m a l e i m i d e   is   N , N ' -  

e t h y l e n e - b i s m a l e i m i d e ,   N , N ' - h e x a m e t h y l e n e - b i s m a l e i m i d e ,  

N , N ' - m a t a p h e n y l e n e - b i s m a l e i m i d e ,   N , N ' - p a r a p h e n y l e n e -  

b i s m a l e i m i d e ,   N , N ' - p , p ' - d i p h e n y l m e t h a n e - b i s m a l e i m i d e ,  

N , N ' - p , p ' - d i p h e n y l e t h e r - b i s m a l e i m i d e   or  N , N ' - p , p ' -  

d i c y c l o h e x y l m e t h a n e - b i s m a l e i m i d e .  

6.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   p o l y i m i d e   r e s i n   i s   a  

c o p o l y m e r   of  b i s m a l e i m i d e .  

7.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a d e r   a s  

c l a i m e d   in  c l a i m   6,  w h e r e i n   t h e   c o p o l y m e r i z e d   compound   i s  

4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e ,   c o n d e n s a t i o n   p r o d u c t   of  a n i l i n e  

and  f o r m a l d h y d e ,   4 , 4 ' - d i a m i n o d i p h e n y l e t h e r ,   4 , 4 ' - d i a m i n o -  

d i c y c l o h e x y l m e t h a n e ,   4 , 4 ' - d i a m i n o d i p h e n y l s u l f o n e ,   m e t a p h e n y -  



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

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

a c i d ,   v i n y l   c o m p o u n d   or  e p o x y   c o m p o u n d .  

8.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   6,  w h e r e i n   t h e   b i s m a l e i m i d e   i s   N , N ' -  

e t h y l e n e - b i s m a l e i m i d e ,   N , N ' - h e x a m e t h y l e n e - b i s m a l e i m i d e ,  

N , N ' - m e t a p h e n y l e n e - b i s m a l e i m i d e ,   N , N ' - p a r a p h e n y l e n e -  

b i s m a l e i m i d e ,   N , N ' - p , p ' - d i p h e n y l m e t h a n e - b i s m a l e i m i d e ,  

N , N ' - p , p ' - d i p h e n y l e t h e r - b i s m a l e i m i d e   or  N , N ' - p , p ' -  

d i c y c l o h e x y l m e t h a n e - b i s m a l e i m i d e ,   and  t h e   c o p o l y m e r i z e d  

c o m p o u n d   is   4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e ,   c o n d e n s a t i o n  

p r o d u c t   of  a n i l i n e   and  f o r m a l d h y d e ,   4 , 4 ' - d i a m i n o d i p h e n y l -  

e t h e r ,   4 , 4 ' - d i a m i n o d i c y c l o h e x y l m e t h a n e ,   4 , 4 ' - d i a m i n o -  

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

c y a n i c   a c i d   e s t e r   of  b i s p h e n o l - A   or  t h e i r   o l i g o m e r ,  

d e r i v a t i v e   of  i s o c y a n u r i c   a c i d ,   v i n y l   c o m p o u n d   or  e p o x y  

c o m p o u n d .  

9.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   c o n t e n t   of  t h e   g r a p h i t e  

g r a n u l e s   i s   5  -   30 %  by  v o l u m e .  

10.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   a v e r a g e   d i a m e t e r   of  t h e  

g r a p h i t e   g r a n u l e s   is   1  -   200  m i c r o n s .  

11.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   10,  w h e r e i n   t h e   a v e r a g e   d i a m e t e r   of  t h e  

g r a p h i t e   g r a n u l e s   is   5  -   50  m i c r o n s .  

12.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   c o n t e n t   of  t h e   f a b r i c   is   20 



-  50  %  by  v o l u m e .  

13.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e   f a b r i c   i s   woven  f a b r i c .  

14.   A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   13,   w h e r e i n   t h e   woven   f a b r i c   i s   p l a n e   w e a v e  

f a b r i c ,   t w i l l   w e a v e   f a b r i c   or  s a t i n   weave   f a b r i c .  

15.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   13,  w h e r e i n   t h e   woven   f a b r i c   i s   made  of  a t  

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

c o n s i s t i n g   of  c a r b o n ,   g l a s s   and  p o l y a r a m i d .  

16.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   13,  w h e r e i n   t h e   w e a v e   d e n s i t y   of  t h e   w o v e n  

f a b r i c   i s   3  -   40  f i l a m e n t s / c m .  

17.   A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   16,  w h e r e i n   t h e   w e a v e   d e n s i t y   of  t h e   w o v e n  

f a b r i c   i s   4  -   30  f i l a m e n t s / c m .  

18.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e   c r o s s   s e c t i o n a l   a r e a   of  t h e  

f i l a m e n t   i s   0 . 0 0 0 3  -   0 .1   mm. 

19.  A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in   c l a i m   1,  w h e r e i n   t h e   f a b r i c   i s   n o n - w o v e n   f a b r i c .  

20.   A  v i b r a t o r y   d i a p h r a g m   f o r   a  l o u d s p e a k e r   a s  

c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   c o n t e n t   of  t h e   p o l y i m i d e  

r e s i n   i s   3 5  -   65 %  by  v o l u m e ,   t h e   c o n t e n t   of  t h e   g r a p h i t e  

g r a n u l e s   i s   5  -   30  %  by  v o l u m e   and  t h e   c o n t e n t   of  t h e   f a b r i c  

i s   2 0  -   50 %  by  v o l u m e .  
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