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©  Horn  body  and  horn  having  such  a  horn  body. 

0   An  electromagnetic  horn,  has  a  dished  body  (10)  con- 
taining  a  coil  (11),  an  armature  (12),  and  a  make-and-break 
mechanism  14.  The  body  (10)  has  an  integral  flange  (17)  to 
which  a  diaphragm  (13)  is  secured  in  surface-to-surface 
contact  by  an  aluminium  clamping  ring  (18).  The  horn  has 
pleasant  tonal  characteristics  because  it  is  formed  of  a 
non-alloy  steel  having  nitrogen  diffused  therein  so  as  to  be  in 
solid  solution  in  a  ferritic  matrix  and  also  has  an  epsilon  iron 
nitride  surface  layer.  Part  of  the  layer  is  porous  and  contains 
oil  with  the  result  that  it  has  a  high  corrosion  resistance.  The 
good  tribological  properties  of  the  epsilon  iron  nitride  layer 
enable  the  usual  paper  gasket  between  the  diaphragm  (13) 
and  the  flange  (17)  to  be  dispensed  with. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  h o r n   and  is  p a r t i c u l a r l y ,  

t h o u g h   no t   e x c l u s i v e l y ,   c o n c e r n e d   w i t h   a  d i a p h r a g m   h o r n ,  

e . g .   an  e l e c t r o - m a g n e t i c a l l y   o p e r a t e d   d i a p h r a g m   h o r n   f o r  

use   in  a  m o t o r   v e h i c l e .   The  i n v e n t i o n   may  a l s o   be  a p p l i e d  

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

f o r   e x a m p l e   a  r e e d   and  c o m p r e s s o r   t ype   h o r n .  

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

q u a l i t i e s   of  a  h o r n   can   be  m a t e r i a l l y   i m p r o v e d   by  u s i n g   a  

h o r n   body  w h i c h   has   b e e n   t r e a t e d   in  a  p a r t i c u l a r   w a y .  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,  

t h e r e   is  p r o v i d e d   a  h o r n   body  f o r m e d   of  a  n o n - a l l o y   s t e e l  

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

of  the   s e c t i o n   t h e r e o f ,   t h e   n i t r o g e n   b e i n g   in  s o l i d  

s o l u t i o n   in  a  f e r r i t i c   m a t r i x .  

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

t h e r e   is  p r o v i d e d   a  h o r n   body  f o r m e d   of  a  n o n - a l l o y   s t e e l  

h a v i n g   an  e p s i l o n   i r o n   n i t r i d e   l a y e r   t h e r e o n .  

In  a c c o r d a n c e   w i t h   t he   s t i l l   f u r t h e r   a s p e c t   of  t he   p r e s e n t  

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

body  and  a  s o u n d - m a k i n g   m e c h a n i s m   in  the   h o l l o w   b o d y ,  

w h e r e i n   t he   h o l l o w   body  is  as  d e f i n e d   in  a n y  o n e   of  t h e  

l a s t   p r e c e d i n g   t h r e e   p a r a g r a p h s .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   by  way  of  e x a m p l e ,   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 u r e   1  is  an  a x i a l   s e c t i o n   t h r o u g h   an  e l e c t r o m a g n e t i c  

h o r n   in  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 ,  



F i g u r e   2  is  a  t y p i c a l   s c h e m a t i c   s e c t i o n   t h r o u g h   p a r t   of  t h e  

h o r n   body  of  F i g .   1  s h o w i n g   t h e   s t r u c t u r e   of  the   b o d y ,  

F i g u r e   3  is   a  g r a p h   in  w h i c h   s o u n d   p r e s s u r e   l e v e l   i s  

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

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

an  e l e c t r o - m a g n e t i c a l l y   o p e r a t e d   d i a p h r a g m   h o r n   f o r   use   i n  

a  m o t o r   v e h i c l e .   The  p r e c i s e   c o n s t r u c t i o n   of  t he   e l e c t r o -  

m a g n e t i c   h o r n   w i l l   not   be  d e s c r i b e d   in  any  g r e a t   d e t a i l  

h e r e i n   e x c e p t   to  s t a t e   t h a t   i t   b a s i c a l l y   c o m p r i s e s   a  d i s h e d  

m e t a l   body   10  h a v i n g   a  s o u n d - m a k i n g   m e c h a n i s m   t h e r e i n ,   t h e  

s o u n d - m a k i n g   m e c h a n i s m   i n c l u d i n g   a  c o i l .  1 1 ,   an  a r m a t u r e   12 

s e c u r e d   to  a  d i a p h r a g m   13,  and  a  m a k e - a n d - b r e a k   m e c h a n i s m  

14.  As  w i l l   be  w e l l   a p p r e c i a t e d   by  a  p e r s o n   s k i l l e d   in  t h e  

a r t ,   e n e r g i s a t i o n   of  t h e   c o i l   11  i s   e f f e c t e d   t h r o u g h   t h e  

m a k e - a n d - b r e a k   m e c h a n i s m   14  so  as  to  c a u s e   the   a r m a t u r e   12 

and  d i a p h r a g m   13  to  v i b r a t e .   V i b r a t i o n   of  t he   d i a p h r a g m   13 

c a u s e   t h e   h o r n   to  s o u n d .  

In  t h i s   e m b o d i m e n t ,   h o w e v e r ,   t h e   body  10  is  f o r m e d   of  m i l d  

s t e e l   ( w h i c h   is  a  n o n - a l l o y   s t e e l )   h a v i n g   a  c a r b o n   c o n t e n t  

of  0 .1   to   0 .2%.   The  body  10  i s   p r e s s   f o r m e d   form  a  s h e e t  

of  m i l d   s t e e l   h a v i n g   a  t h i c k n e s s   of  1.6mm.  The  mi ld   s t e e l  

of  t h e   body  has   been  t r e a t e d   in  a  m a n n e r   to  be  d e s c r i b e d  

h e r e i n a f t e r .   As  a  r e s u l t   of  t h i s   t r e a t m e n t ,   the   body  10  i s  

p r o v i d e d   w i t h   a  co re   15  h a v i n g   n i t r o g e n   d i f f u s e d   i n t o   t h e  

w h o l e   of  t he   vo lume   t h e r e o f ,   and  a  s u r f a c e   l a y e r . 1 6   on  e a c h  

s i d e   of  t he   c o r e   15.  Thus ,   t h e   d i s h e d   body  is  p r o v i d e d  

e x t e r n a l l y   and  i n t e r n a l l y   w i t h   t h e   s u r f a c e   l a y e r   16.  T h e  

n i t r o g e n   in  t h e   core   15  is  in  s o l i d   s o l u t i o n   in  a  f e r r i t i c  

m a t r i x .   Each  s u r f a c e   l a y e r   16  is  of  e p s i l o n   i r o n   n i t r i d e  

and  is  c o n s t i t u t e d   by  two  p o r t i o n s   16a  and  16b.  P o r t i o n   1 6 a  

is  p o r o u s ,   a b o u t   10  m i c r o m e t r e s   t h i c k ,   and  l i e s   on  t h e  

o p p o s i t e   s i d e   of  the   c o r e   15  to   t h e   r e s p e c t i v e   p o r t i o n   1 6 b .  



The  p o r t i o n   16b  is  r e l a t i v e l y   non  p o r o u s   and  has  t h i c k n e s s  

of  a b o u t   8  m i c r o m e t r e s .   Thus ,   t he   t o t a l   t h i c k n e s s   of  e a c h  

e p s i l o n   n i t r i d e   s u r f a c e   l a y e r   16  is  a b o u t   18  m i c r o m e t r e s .  

The  body   10  is  p r o v i d e d   w i t h   t h e   s t r u c t u r e   as  d e s c r i b e d  

a b o v e   w i t h   r e f e r e n c e   to   F i g .   2  by  p r e s s f o r m i n g   i t   f rom  t h e  

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

t he   b o d y   in  a  f u r n a c e   at  570°C  f o r   two  h o u r s   in  a n  

a t m o s p h e r e   c o n s i s t i n g   of  ammonia   and  an  e n d o t h e r m i c   g a s  

m i x t u r e   ( c a r b o n   m o n o x i d e ,   c a r b o n   d i o x i d e ,   n i t r o g e n  a n d  

h y d r o g e n ) .   D u r i n g   h e a t   t r e a t m e n t ,  t h e   r e s i d u a l   l e v e l   o f  

ammonia   was  m a i n t a i n e d   at  a b o u t   42%  and  5  vo lume   c h a n g e s  

pe r   h o u r   we re   e f f e c t e d .   The  body  a f t e r   h e a t   t r e a t m e n t   was  

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

had  d i f f u s e d   i n t o   t he   body  r e m a i n e d   in  s o l i d   s o l u t i o n   in  : 
t h e   f e r r i t i c   m a t r i x   w i t h i n   t he   c o r e   15.  As  a  r e s u l t   of  t h e  

o i l   q u e n c h i n g ,   o i l   was  r e t a i n e d   w i t h i n   t h e   p o r e s   in  t he   ; 

p o r t i o n   16a  of  each   e p s i l o n   n i t r i d e   s u r f a c e   l a y e r   16  t o  

g i v e   good  b e a r i n g   p r o p e r t i e s   to  t he   s u r f a c e .  

In  o r d e r   to  t e s t   the   e f f e c t   p r o d u c e d ,   two  e l e c t r o - m a g n e t i c  

h o r n s   w e r e   t e s t e d ,   one  of  t h e   h o r n s   was  p r o v i d e d   w i t h   a  

body  w h i c h   had  m e r e l y   been   f o r m e d   f rom  m i l d   s t e e l   b y  

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

w h i c h   had  b e e n   p r e s s   f o r m e d   out  of  t h e   same  m i l d   s t e e l   b u t  

s u b s e q u e n t l y   h e a t   t r e a t e d   in  t he   manne r   d e s c r i b e d  

h e r e i n a b o v e .   In  t he   t e s t ,   t h e   sound   p r e s s u r e   l e v e l s   a t  

v a r i o u s   a u d i o   f r e q u e n c i e s   were   m e a s u r e d   and  t he   r e s u l t s   a r e  

shown  in   F i g .   3.  Curve   A  r e l a t e s   to  t he   h o r n   h a v i n g   the   u n -  

h e a t - t r e a t e d   body  w h i l s t   c u r v e   B  r e l a t e s   to  t he   h o r n   h a v i n g  

t he   h e a t - t r e a t e d   body  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

As  can  be  s e e n   f r o n   F i g .   3,  a d d i t i o n a l   h a r m o n i c s   o r  

f r e q u e n c y   c o m p o n e n t s   are   o b t a i n e d   f rom  the   h o r n   of  t h e  

p r e s e n t   i n v e n t i o n .   S u b j e c t i v e l y ,   i t   was  f o u n d   t h a t   the   h o r n  

w h i c h   p r o d u c e d   c u r v e   B  had  much  more  p l e a s a n t   t o n a l  

c h a r a c t e r i s t i c s   t h a n   the   h o r n   w h i c h   p r o d u c e d   c u r v e   A. 



As  a  f u r t h e r   a d v a n t a g e ,   i t   was  f o u n d   t h a t   t h e   body  10  h a d  

v e r y   good  a n t i - c o r r o s i o n   p r o p e r t i e s   and  so  d id   not   need   t o  

be  s u r f a c e   t r e a t e d   to  p r e v e n t   i t   f r om  r u s t i n g .   F u r t h e r m o r e ,  

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

n i t r i d e   l a y e r   on  t he   body  10,  i t   was  p o s s i b l e   to  d i s p e n s e  

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

b e t w e e n   the   d i a p h r a g m   13  and  t h e   b o d y .   T h u s ,   i t   w i l l   b e  

s e e n   f rom  F i g .   1  t h a t   t h e   d i a p h r a g m   13  i s   in  d i r e c t   i e  

s u r f a c e - t o - s u r f a c e   c o n t a c t   w i t h   an  i n t e g r a l   f l a n g e   17  o f  

the   body  10  and  t h a t   t h e s e   two  c o m p o n e n t s   a r e   s e c u r e d  

t o g e t h e r   by  means   of  a  s p u n - o v e r   c l a m p i n g   r i n g   18.  In  t h i s  

e m b o d i m e n t   t h e   c l a m p i n g   r i n g   18  was  f o r m e d   of  a l u m i n i u m   ( a  

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

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

a  s u i t a b l y   s o f t   m a t e r i a l   such   as  p l a s t i c s .   Wi th   such   a  

c o n s t r u c t i o n ,   i t   was  a l s o   f o u n d   p o s s i b l e   to   d i s p e n s e   w i t h  

the   u s u a l   p a p e r   g a s k e t   b e t w e e n   t h e   d i a p h r a g m   13  and  t h e  

spun   ove r   c l a m p i n g   r i n g   so  t h a t   t h e r e   is   s u r f a c e - t o - s u r f a c e  

c o n t a c t   b e t w e e n   t h e   d i a p h r a g m   and  t he   r i n g .  

W h i l s t   in  t h e   a b o v e - d e s c r i b e d   e m b o d i m e n t ,   t he   n o n - a l l o y  

s t e e l   body  10  h a v i n g   a  low  c a r b o n   c o n t e n t   was  h e a t   t r e a t e d  

in  an  a t m o s p h e r e   of  ammonia  and  an  e n d o t h e r m i c   gas  m i x t u r e ,  

i t   is  to  be  a p p r e c i a t e d   t h a t   any  f o rm  of  t r e a t m e n t   w h i c h  

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

w h o l e   of  t h e   s e c t i o n   of  t he   b o d y ,   a n d / o r   w h i c h   is  c a p a b l e  

of  p r o d u c i n g   an  e p s i l o n   n i t r i d e   s u r f a c e   l a y e r ,   can  b e  

e m p l o y e d   in  t h e   t r e a t m e n t   of  t h e   body   1 0 .  

W h i l s t   t h e   m e c h a n i s m   w h i c h   e n a b l e s   t he   t o n a l   q u a l i t i e s   o f  

the   h o r n   to  be  i m p r o v e d   is  not   f u l l y   u n d e r s t o o d ,   i t   i s  

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

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

t h r o u g h o u t   s u b s t a n t i a l l y   the   w h o l e   of  t he   t e r r i f i c   m a t r i x .  

B e i n g   d i s s o l v e d   i n t e r s t i t i a l l y ,   t he   n i t r o g e n   w i l l  

c o n s i d e r a b l y   d i s t o r t   the   a l p h a - i r o n   l a t t i c e   w h i c h   w i l l   t h e n  



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

w h i c h   t h e n   r e q u i r e   an  i n c r e a s e d   s t r e s s   or  s t r a i n   e n e r g y   t o  

s e t   t hem  in  m o t i o n   a g a i n .   The  r e s u l t a n t   h e a t   t r e a t e d   b o d y  

has   a  h i g h e r   y i e l d   p o i n t   t h a n   the   u n h e a t   t r e a t e d   body  a n d  

t h i s ,   i t   a p p e a r s ,   a f f e c t s   t he   r e s o n a t i n g   c h a r a c t e r i s i t i c s  

of  t h e   body  10  u n d e r   t h e   i n f l u e n c e   of  t he   v i b r a t i n g  

d i a p h r a g m .  



1 .  A   h o r n   body  f o r m e d   of  a  n o n - a l l o y   s t e e l   c h a r a c t e r i z e d  

in  t h a t   n i t r o g e n   is  d i s p e r s e d   t h r o u g h   s u b s t a n t i a l l y   t h e  

w h o l e   of  t h e   s e c t i o n   of  t he   h o r n   body ,   t he   n i t r o g e n   b e i n g  

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

2.  A  h o r n   body  f o r m e d   of  a  n o n - a l l o y   s t e e l   c h a r a c t e r i z e d  

by  h a v i n g   an  e p s i l o n   i r o n   n i t r i d e   l a y e r   ( 1 6 )   t h e r e o n .  

3.  A  h o r n   body  as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d   b y  

h a v i n g   an  e p s i l o n   i r o n   n i t r i d e   l a y e r   (16)   t h e r e o n .  

4.  A  h o r n   body  as  c l a i m e d   in  any  p r e c e d i n g   c l a i m ,   w h i c h   i s  

of  d i s h e d   f o r m   h a v i n g   an  i n t e g r a l   f l a n g e   (17)   to   w h i c h   a  

d i a p h r a g m   is   s e c u r e d   in  u s e ,   t h e   d i s h e d   body  b e i n g   a r r a n g e d  

t o   r e c e i v e   a  c o i l ,   an  a r m a t u r e   and  a  m a k e - a n d - b r e a k  

m e c h a n i s m   in   u s e .  

5.  A  h o r n   c o m p r i s i n g   a  h o l l o w   h o r n   body  and  a  s o u n d - m a k i n g  

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

t h e   h o r n   body  10  is   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t o  

3 .  

6.  A  h o r n   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i z e d   in  t h a t   a  

s u r f a c e   l a y e r   p o r t i o n   ( 1 6 a )   of  t h e   ho rn   body  (10)   is  p o r o u s  
and  c o n t a i n s   o i l .  



7.  A  h o r n   as  c l a i m e d   in  c l a i m   5  or  6,  w h e r e i n   t he   h o r n   b o d y  

(10)   i s   of  d i s h e d   form  h a v i n g   an  i n t e g r a l   f l a n g e   ( 1 7 ) ,   t h e  

s o u n d - m a k i n g   m e c h a n i s m   i n c l u d e s   a  d i a p h r a g m   (13)   w h i c h   i s  

s e c u r e d   to   t h e   f l a n g e   ( 1 7 ) ,   c h a r a c t e r i z e d   in  t h a t   t h e  

d i a p h r a g m   ( 1 3 )   is  in  s u r f a c e - t o - s u r f a c e   c o n t a c t   w i t h   t h e  

f l a n g e   ( 1 7 ) .  

8.  A  h o r n   as  c l a i m e d   in  c l a i m   7,  w h e r e i n   a  c l a m p i n g   r i n g  

( 1 8 )   is   p r o v i d e d   f o r   s e c u r i n g   t he   d i a p h r a g m   (13 )   to  t h e  

f l a n g e   ( 1 7 ) ,   and  w h e r e i n   t h e   c l a m p i n g   r i n g   (18)   has   a  

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

t h a t   of  t he   d i a p h r a g m   ( 1 3 ) ,   c h a r a c t e r i z e d   in  t h a t   t h e r e  

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

(18)   and  t h e   d i a p h r a g m   ( 1 3 ) .  
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