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Apparatus  for  generating  noise. 
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@  The  apparatus,  especially  for  sonic  testing  of  an  article, 
such  as  a  satellite,  in  a  reverberation  chamber  (18)  com- 
prises  a  low  frequency  high-level  broad-band  noise  source 
or  sources  (10,  11)  connected  to  a  small  end  of  a  tube  (14) 
including  a  section  formed  as  an  acoustic  horn  (17)  connect- 
ed  at  its  large  end  to  the  chamber  (18).  A  Hartmann-type  air 
acoustic  high  level  noise  generator,  or  generators  (20)  are 
located  inside  the  tube  at  spaced  positions.  These  genera- 
tors  are  excited  by  the  generated  low  frequency  noise  to 
provide  an  output  of  non-linearly  modulated  noise.  Also 
described  is  a  Hartman-type  noise  generator  which  com- 
prises  a  nozzle  and  an  aligned  acoustic  tube  spaced  there- 
from  by  an  air  gap.  A  reverberation  cup  is  formed  in  the 
mouth  of  the  tube  facing  the  nozzle  and  a  bridge  member 
extends  between  the  nozzle  and  tube  and  spans  the  air  gap. 
Means  is  provided  for  varying  the  depth  of  the  reverberation 
cup  and  for  adjusting  the  size  of  the  gap  if  desired. 



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  apparatus  f o r .  

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

High  i n t e n s i t y   n o i s e   f i e l d s   of  s p e c i f i e d   s p e c t r a l  
s h a p e s   a re   r e q u i r e d   for   a  number  of  i n d u s t r i a l   and  t e c h n i -  

ca l   t e s t i n g   p u r p o s e s   an  example   of  which  is  the   p r o v i s i o n  
of  a  h i g h   l e v e l   n o i s e   f i e l d   to  e x c i t e   and  t e s t   a e r o s p a c e  
s t r u c t u r e s   in  a  s i m u l a t e d   n o i s e   e n v i r o n m e n t   of  r o c k e t ,   j e t  
e n g i n e   and  p r o p e l l e r   n o i s e .   The  p r o d u c t i o n   of  such  n o i s e  
f i e l d s   in  t h e   f r e q u e n c y   r a n g e   above  1 .25  KHz  has  been  f o u n d  

to  be  e i t h e r   i m p r a c t i c a l   or  e x p e n s i v e .   C e r t a i n   a c o u s t i c  

t e s t   f a c i l i t i e s   have   been   u s i n g   c o m m e r c i a l l y   a v a i l a b l e   l o w  

or  medium  f r e q u e n c y   n o i s e   g e n e r a t o r s .   These   g e n e r a t o r s  
s u f f e r   from  h i g h - f r e q u e n c y   r o l l - o f f   above  abou t   500  Hz.  A 
few  t e s t   f a c i l i t i e s   have  been   u s i n g   a e r o a c o u s t i c   n o i s e  

s o u r c e s   such  as  i m p i n g e m e n t   j e t s ,   shock  c e l l   n o i s e ,  

Ha r tmann   g e n e r a t o r s   or  m o d i f i e d   Har tmann   g e n e r a t o r s   i n  

p l a c e   of  c o n v e n t i o n a l   " h i g h "   f r e q u e n c y   n o i s e   g e n e r a t o r s .  
The  H a r t m a n n   g e n e r a t o r   p r o d u c e s   n a r r o w   band  h i g h   l e v e l  

t o n e s   and  i f   i t   is   d e t u n e d   c o u l d ,   l e s s   e f f e c t i v e l y ,   p r o d u c e  
b r o a d   band  t o n e s .   In  o r d e r   to  f i l l   up  the   w i d t h   of  t h e  

f r e q u e n c y   s p e c t r u m   wi th   n o i s e ,   many  H a r t m a n n   g e n e r a t o r s  
would  h a v e  t o   be  added .   However  t h i s   s o l u t i o n   i s   i m p r a c -  
t i c a l   i n s o f a r   as  the   c o s t   of  o p e r a t i n g   m u l t i p l e   H a r t m a n n  

g e n e r a t o r s   makes  the  s o l u t i o n   u n e c o n o m i c a l   and  f u r t h e r   t h e  
i n t e r a c t i o n   of  the   Har tmann  s i g n a l s   does   n o t  a l w a y s   p r o d u c e  
the   d e s i r e d   s p e c t r u m ,   as  t e s t s   have   s h o w n .  

For  a  b a c k g r o u n d   on  the   n o i s e   t e s t i n g   of  a r t i c l e s  

r e f e r e n c e   is  made  to  the  pape r   e n t i t l e d   The  Use  of  H a r t m a n n  



G e n e r a t o r s   as  S o u r c e s   of  High  I n t e n s i t y   Sound  in  a  L a r g e  
A b s o r p t i o n   Flow  Duct  F a c i l i t y ,   D.L.  Mar t l ew  of  t he   N a t i o n a l  

Gas  T u r b i n e   E s t a b l i s h m e n t   at  F a r n b o r o u g h ,   H a n t s ,   U n i t e d  

Kingdom,  ( p u b l i s h e d   in  t he   A . I . A . A .   March  1 9 7 5 ) .   The  p a p e r  
d i s c u s s e s   a  l a r g e   s c a l e   n o i s e   t e s t   f a c i l i t y   used  in  a n  
a e r o e n g i n e   r e d u c t i o n   n o i s e   p r o g r a m .   A n o t h e r   p a p e r   o f  
i n t e r e s t   is  t h a t   of  D.A.  W e b s t e r   and  D.T.  B l a c k s t o c k ,  
J o u r n a l   of  t h e   A c o u s t i c   S o c i e t y   of  Amer i ca   6 3 ( 3 ) ,   M a r c h  

1978,  pages   6 8 7 - 6 9 3   which   d i s c u s s e s   the   i n t e r a c t i o n   of  h i g h  
l e v e l   h i g h   f r e q u e n c y   t o n e s   w i th   low  l e v e l   b r o a d   band  n o i s e  

by  c o l l i n e a r   p r o p a g a t i o n .  
The  p r o b l e m   f a c i n g   the   t e s t   f a c i l i t i e s   is   to  f i l l  

up  the   p r o d u c e d   n o i s e   s p e c t r u m   b e t w e e n   500  Hz  and  s a y ,  
10  KHz  in  an  e c o n o m i c a l   p r a c t i c a l   f a s h i o 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   t h e r e   i s  

p r o v i d e d   a  s y s t e m   for   p r o d u c i n g   n o i s e   c o m p r i s i n g   a  t u b e  

means,   at  l e a s t   one  h i g h   f r e q u e n c y   h i g h - l e v e l   n o i s e   g e n e r -  
a t o r   a d a p t e d   for   c o m m u n i c a t i o n   wi th   s a i d   t ube   means;   a  l o w  

f r e q u e n c y   h i g h - l e v e l   n o i s e   s o u r c e   o p e r a t i v e l y   c o n n e c t e d   t o  
s a i d   t ube   means  and  for   i n t e r a c t i o n   wi th   s a i d   g e n e r a t o r  

w h e r e b y ,   in  o p e r a t i o n ,   s a i d   g e n e r a t o r   is  e x c i t e d   by  t h e  

g e n e r a t e d   low  f r e q u e n c y   n o i s e   to  p r o v i d e   an  o u t p u t   of  n o n -  

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

A c c o r d i n g   to  a  p r e f e r r e d   f e a t u r e   of  the   i n v e n t i o n  

a  s y s t e m   for   p r o d u c i n g   n o i s e   for   s o n i c   t e s t i n g   of  a n  
a r t i c l e   in  a  r e v e r b e r a t i o n   chamber  c o m p r i s e s   t u b e   m e a n s  
a d a p t e d   for   c o m m u n i c a t i o n   wi th   t he   i n s i d e   of  the   c h a m b e r ;  
at  l e a s t   one  a e r o a c o u s t i c   h i g h   f r e q u e n c y   h i g h - l e v e l   n o i s e  

g e n e r a t o r   in  t he   t u b e   means ;   a  low  f r e q u e n c y   h i g h - l e v e l  
n o i s e   s o u r c e   o p e r a t i v e l y   c o n n e c t e d   to  the   t ube   means  w h e r e -  

by,   in  o p e r a t i o n ,   t he   g e n e r a t o r   is   e x c i t e d  b y   the   g e n e r a t e d  
low  f r e q u e n c y   n o i s e   to  p r o v i d e   an  o u t p u t   of  n o n - l i n e a r l y  
m o d u l a t e d   n o i s e .   The  s o u r c e   may  be  a  b r o a d   band  or  a  
na r row  band  l o w - f r e q u e n c y   n o i s e   s o u r c e .   C o n v e n i e n t l y   t h e  
t ube   means  may  i n c l u d e   an  a c o u s t i c   horn   a d a p t e d   f o r  

o p e r a t i v e   c o n n e c t i o n   to  the   s o u r c e   at  i t s   sma l l   end  and  f o r  

o p e r a t i v e   c o n n e c t i o n   to  t he   r e v e r b e r a t i o n   chamber   at  i t s  



l a r g e   e n d .  

In  one  p r e f e r r e d   form  of  the  i n v e n t i o n   a  s y s t e m  
for  p r o d u c i n g   n o i s e   for  s o n i c   t e s t i n g   of  an  a r t i c l e   in  a  
r e v e r b e r a t i o n   chamber  c o m p r i s e s   a  low  f r e q u e n c y   h i g h - l e v e l  
b r o a d   band  n o i s e   s o u r c e ;   a  tube   means  i n c l u d i n g   a  s e c t i o n  
formed  as  an  a c o u s t i c   horn  a d a p t e d   for  o p e r a t i v e   c o n n e c t i o n  
at  i t s   s m a l l   end  to  the  s o u r c e   and  at  i t s   l a r g e   end  to  t h e  
c h a m b e r ,   and  at  l e a s t   one  H a r t m a n n - t y p e   a e r o a c o u s t i c   h i g h -  
l e v e l   n o i s e   g e n e r a t o r   l o c a t e d   i n s i d e   the   tube   at  a  p r e d e -  
t e r m i n e d   p o s i t i o n   whereby ,   in  o p e r a t i o n ,   the  g e n e r a t o r   i s  
e x c i t e d   by  the   g e n e r a t e d   low  f r e q u e n c y   n o i s e   to  p r o v i d e -  a n  

o u t p u t   of  n o n - l i n e a r l y   m o d u l a t e d   n o i s e .   In  a  m o d i f i c a t i o n ,  

two  H a r t m a n n - t y p e   a e r o a c o u s t i c   h i g h - l e v e l   n o i s e   g e n e r a t o r s  

may  be  l o c a t e d   in  the  tube   means  at  p r e d e t e r m i n e d   s p a c e d  
p o s i t i o n s   t h e r e a l o n g ,   the   g e n e r a t o r s   b e i n g   t u n e d   t o  
d i f f e r e n t   f r e q u e n c i e s .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a  H a r t m a n n - t y p e   n o i s e  

g e n e r a t o r   c o m p r i s i n g   a  t u b e ;   a  s l o t   cut   out  of  the   t u b e  
wal l   to  p r o d u c e   an  a i r   gap  b e t w e e n   a  n o z z l e   s e c t i o n   of  t h e  

t ube   at  one  s i d e   of  the   gap  and  a  r e v e r b e r a t i o n   cup  f o r m e d  
in  the   t ube   on  the   o t h e r ;   the  n o z z l e   s e c t i o n   and  the  c u p  
b e i n g   u n i t e d   by  an  uncu t   p o r t i o n   of  the   t ube   wa l l   s p a n n i n g  
the   s l o t   and  an  a d j u s t a b l e   t u n i n g   p lug   means  in  the   c u p .  

A c c o r d i n g   to  a n o t h e r   f e a t u r e   of  the   i n v e n t i o n   a  

H a r t m a n n - t y p e   n o i s e   g e n e r a t o r   c o m p r i s e s   a  n o z z l e   and  a n  
a l i g n e d   a c o u s t i c   tube   spaced   t h e r e f r o m   by  an  a i r   gap;  a  
r e v e r b e r a t i o n   cup  formed  in  the  mouth  of  the   t ube   f a c i n g  
the   n o z z l e   and  b r i d g e   means  e x t e n d i n g   b e t w e e n   n o z z l e   a n d  
tube   and  s p a n n i n g   the  a i r   gap  and  b e i n g   in  c o n t a c t   wi th   a  
s e c t i o n   of  a  p e r i p h e r a l   wa l l   of  the   n o z z l e   and  an  a l i g n e d  
s e c t i o n   of  a  p e r i p h e r a l   wal l   of  the   t u b e ;   and  means  f o r  

v a r y i n g   the   d e p t h   of  the   r e v e r b e r a t i o n   c u p .  
The  f o l l o w i n g   is  a  d e s c r i p t i o n   by  way  of  e x a m p l e  

of  c e r t a i n   embod imen t s   of  the  p r e s e n t   i n v e n t i o n   r e f e r e n c e  

b e i n g   had  to  the   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  a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a n  

a p p l i c a t i o n   of  the  i n v e n t i o n   to  the  t e s t i n g   of  an  a r t i c l e  



in  a  r e v e r b e r a t i o n   c h a m b e r ;  

F i g u r e   2  is   the   a c o u s t i c   s p e c t r u m   p r o p a g a t e d   i n t o  

a  t e s t   chamber   from  a  H a r t m a n n - t y p e   g e n e r a t o r ,   o p e r a t e d  
a l o n e ;  

F i g u r e   3  is   the   a c o u s t i c   s p e c t r u m   p r o p a g a t e d   i n t o  

the   same  chamber   from  a  low  f r e q u e n c y   h i g h - i n t e n s i t y   t o n a l  
n o i s e   s o u r c e ,   o p e r a t i n g   a l o n e ;  

F i g u r e   4  is   t he   a c o u s t i c   s p e c t r u m   p r o p a g a t e d   i n t o  

the   same  t e s t   chamber   when  the   f u n c t i o n i n g   of  t he   H a r t m a n n  

t ype   g e n e r a t o r   is  m o d i f i e d   by  a  h igh   i n t e n s i t y   t one   f r o m  
the   low  f r e q u e n c y   s o u r c e ;  

F i g u r e   5  is   t he   wide  b r o a d   band  s p e c t r a   p r o p a -  
g a t e d   in  t he   chamber   and  u s i n g   a  l o g a r i t h m i c   f r e q u e n c y  

s c a l e ,   when  t he   f u n c t i o n i n g   of  two  d i f f e r e n t l y   t u n e d  

H a r t m a n n - t y p e   g e n e r a t o r s   is  m o d i f i e d   by  a  low  f r e q u e n c y  
b r o a d   band  n o i s e   s o u r c e ;  

F i g u r e   6  i s   a  d e t a i l   of  a  t ube   m o d i f i e d   to  a c c e p t  
a  p l u r a l i t y   of  a e r o a c o u s t i c   n o i s e   s o u r c e s ;  

F i g u r e   7  is   a  s e c t i o n   a long   the   l i n e s   7-7  o f  

F i g u r e   6  showing   an  a e r o a c o u s t i c   g e n e r a t o r   of  t he   H a r t m a n n  

t y p e ;  

F i g u r e   8  is  a  c r o s s - s e c t i o n   s i m i l a r   to  F i g u r e   6 

and  showing   a  r e c t a n g u l a r   t ube   m e a n s ;  
F i g u r e   9  i s   a  d e t a i l   of  a  t u n i n g   a r r a n g e m e n t   f o r  

the   a e r o a c o u s t i c   n o i s e   g e n e r a t o r   of  F i g u r e   7;  a n d  

F i g u r e   10  is   a  d e t a i l   of  a  second   form  of  a e r o -  
a c o u s t i c   n o i s e   g e n e r a t o r .  

T u r n i n g   now  to  the   d r a w i n g s .   In  F i g u r e   1  a  p a i r  
of  b r o a d - b a n d   (or  t o n a l )   l o w - f r e q u e n c y   h i g h   l e v e l   n o i s e  

s o u r c e s   10  and  11  a re   o p e r a t i v e l y   c o n n e c t e d   t h r o u g h   a  T e e -  
p i e c e   wi th   a  t u b e   means  14  h a v i n g   a  t u b u l a r   s e c t i o n   15 
which   may  be  of  c i r c u l a r   c r o s s - s e c t i o n ,   or  r e c t a n g u l a r  
c r o s s - s e c t i o n   as  seen   in  F i g u r e s   7  and  8  r e s p e c t i v e l y .   T h e  
n o i s e   s o u r c e s   may  c o n v e n i e n t l y   be  Wyle  b r o a d - b a n d   d e v i c e s  
of  t he   t y p e   known  as  WAS  3000.  E q u a l l y   w e l l ,   t he   n o i s e  

s o u r c e s   c o u l d   be  of  the   Ling  t y p e ,   such  as  s o l d   by  L i n g  
A l t e c   L i m i t e d   unde r   the   model  no.  EPT-200,   e l e c t r o - p n e u -  



m a t i c   t r a n s d u c e r .   In  n o i s e   s o u r c e s   of  t h i s   t y p e ,  
c o m p r e s s e d   a i r   at  up  to  abou t   30  PSIG  is  blown  i n t o   a 
chamber   where  s l o t t e d   s l e e v e s   s l i d e   a x i a l l y   under   t h e  
a c t i o n   of  an  e l e c t r o d y n a m i c   c o i l .   The  soundwaves   t h u s  

g e n e r a t e d   a re   p r o p a g a t e d   t h r o u g h   the  T e e - p i e c e   and  i n t o   t h e  

tube   means  1 4 .  
The  tube   means  14  may  i n c l u d e   an  a c o u s t i c   horn   17 

c o n n e c t e d   at  i t s   b r o a d   end  to  a  r e v e r b e r a t i o n   chamber  1 8 .  

A r r a n g e d   a t ,   say,   four   s e p a r a t e   p l a c e s   a l ong   t h e  

l e n g t h   of  the   t u b u l a r   s e c t i o n   15,  are  r e c e i v i n g   a p e r t u r e s  
( see   a l s o   F i g u r e s   6,  7  and  8)  for  an  a e r o a c o u s t i c   n o i s e '  

g e n e r a t o r ,   or  g e n e r a t o r s ,   such  as  Har tmann  type   g e n e r a t o r s  
20.  Har tmann  type   g e n e r a t o r s   a re   wel l   known  in  the   a r t   a n d  
do  not  r e q u i r e   d e t a i l e d   e x p l a n a t i o n   h e r e   but   g e n e r a l l y  
s p e a k i n g   a i r   is  d e l i v e r e d   at  h i g h   s p e e d s   t h r o u g h   a  
c o n v e r g i n g   n o z z l e   21  and  i m p i n g e s   d i r e c t l y   i n t o   the   o p e n  
end  of  a  r e s o n a n c e   cup  23.  The  s h o c k  w a v e   c r e a t e d   r e s p o n d s  
to  the   a c o u s t i c   p r e s s u r e   waves  in  the  r e s o n a n c e   cup  23  a n d  

a  h i g h   i n t e n s i t y   sound  is  e m i t t e d .   This   sound  has  a  s p e c -  
trum  c o n s i s t i n g   of  a  f u n d a m e n t a l   tone   30  ( F i g u r e   2)  a n d  
h a r m o n i c s   32,  33.  The  f u n d a m e n t a l   tone   is  r e l a t e d   to  t h e  

d e p t h   of  the   r e s o n a n c e   cup  which  may  be  tuned   by  moving  a 
p lug   25  ( F i g u r e s   7,  8  and  9)  l o n g i t u d i n a l l y   w i t h i n   t h e  

r e s o n a n c e   t u b e ,   as  w i l l   be  e x p l a i n e d   more  f u l l y   h e r e i n -  

a f t e r .  
For  the  sake  of  s i m p l i c i t y   of  u n d e r s t a n d i n g ,  

c o n s i d e r a t i o n   s h o u l d   be  g i v e n   to  the   i n t e r a c t i o n   b e t w e e n   a  
s i n g l e   low  f r e q u e n c y   s o u r c e   10,  or  11,  c o n t r o l l e d   to  emit   a  
t o n a l   sound  s p e c t r u m   somewhat  s i m i l a r   to  t h a t   shown  i n  

F i g u r e   3  w i th   a  s i n g l e   Har tmann   type   a e r o a c o u s t i c   n o i s e  

g e n e r a t o r   20  p r o d u c i n g   a  sound  s p e c t r u m   s i m i l a r   to  t h a t  

shown  in  F i g u r e   2.  The  n o i s e   from  the  sound  s o u r c e   10 

i n t e r a c t s   w i t h ,   and  e x c i t e s ,  t h e   n a t u r a l   u n s t e a d y   o s c i l l i -  

t o r y   a e r o d y n a m i c   flow  in  the   Har tmann   type   g e n e r a t o r   20  t o  

p r o d u c e   n o i s e   o u t p u t   which  is  a  n o n - l i n e a r   m o d u l a t i o n   ( s e e  

F i g u r e   4)  of  the   normal   n o i s e   g e n e r a t i o n   of  the   H a r t m a n n  

g e n e r a t o r   20.  It  w i l l   be  no t ed   t h a t   the  Har tmann  t y p e  



d e v i c e ,   or  d e v i c e s   20  a re   p r e f e r a b l y   p o s i t i o n e d   a long   t h e  
t u b u l a r   s e c t i o n   15  so  as  to  be  c l o s e   to  the   h igh   n o i s e  

l e v e l s   g e n e r a t e d   by  the   s o u r c e s   10,  11.  However ,   i t   is  t o  
be  u n d e r s t o o d   t h a t   i f   d e s i r e d ,   the   t ube   means  14  cou ld   h a v e  

p r o v i s i o n   made  in  i t s   horn   s e c t i o n   17  to  r e c e i v e   one  o r  
more  n o i s e   g e n e r a t o r s   2 0 .  

The  p r o p a g a t e d   sound  p r e c e d e s   a long   the   horn   17 
i n t o   a  r e v e r b e r a t i o n   chamber  18,  in  which  the   a i r   i s  

p r e f e r a b l y   k e p t   d ry ,   and  a c t s . u p o n   a  t e s t   p i e c e   19 

s u s p e n d e d   in  t he   r e v e r b e r a t i o n   chamber   1 8 .  

D e p e n d i n g   upon  the  n a t u r e   of  t he   sound  e n v e l o p e  
which   i t   is   d e s i r e d   to  g e n e r a t e ,   and  t h i s   of  c o u r s e   w i l l   b e  
d i c t a t e d   by  the   n a t u r e   of  the   t e s t   or  f u n c t i o n   which  is  t o  
be  c o n d u c t e d ,   one  or  more  H a r t m a n n - t y p e   g e n e r a t o r s   20  may 
be  p o s i t i o n e d   a l o n g   the   t u b u l a r   s e c t i o n   15  and  one  or  m o r e  
Wyle,   or  t he   l i k e ,   s o u r c e s   may  be  o p e r a t e d .   Where  i t   i s  

d e s i r e d   to  p r o d u c e   a  b r o a d   s p e c t r u m   f l a t   e n v e l o p e ,   a  Wyle  
WAS  3000  t y p e   d e v i c e   may  be  combined   w i t h   two  H a r t m a n n - t y p e  
g e n e r a t o r s   20  t u n e d   to  d i f f e r e n t   f r e q u e n c i e s   to  p r o d u c e   t h e  

sound  s p e c t r u m   seen  in  F i g u r e   5.  Such  a  sound  e n v e l o p e ,  
b e c a u s e   of  i t s   h i g h   i n t e n s i t y   over   a  wide  s p e c t r u m ,   i s  

p a r t i c u l a r l y   u s e f u l   for   t e s t i n g   of  a e r o s p a c e   e q u i p m e n t ,  
s a t e l i t e s   and  the   l i k e .  

The  c u r v e   5a  in  F i g u r e   5,  is  t h a t   of  a  WAS  3000  

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

i n t e n s i t y   n o i s e   and  the   c u r v e s   5b -5e   a re   of  two  H a r t m a n n -  

t y p e   g e n e r a t o r s   20  m o d u l a t e d   by  t he   WAS  3000  and  o p e r a t e d  
at   d i f f e r e n t   s u p p l y   p r e s s u r e s .   The  peak  5p  may  be  a d j u s t e d  
to  h i g h e r   or  lower   f r e q u e n c i e s   d e p e n d i n g   on  the  t u n i n g s   o f  
t h e   H a r t m a n n   g e n e r a t o r s   20  and  can  be  s h i f t e d   to  the   l e f t  

(as  s een   in  F i g u r e   5)  to  merge  w i th   the   WAS  3000  b r o a d b a n d  

n o i s e .  

T u r n i n g   now  p a r t i c u l a r l y   to  F i g u r e s   6  t h r o u g h   9 ,  
t he   n o v e l   H a r t m a n n - t y p e   g e n e r a t o r   shown  d i f f e r s   from  t h e  

s t a n d a r d   H a r t m a n n - t y p e   a c o u s t i c   g e n e r a t o r   in  t h a t   i t   d o e s  

not  c o m p r i s e   a  s e p a r a t e   n o z z l e   and  r e s o n a t o r   cup  s e c t i o n .  

R a t h e r   a  t ube   member  26  is  p r o v i d e d   w i th   a  s l o t   27  which  i s  



cut   i n t o   the   t ube   member  w a l l .   In  the   r e c t a n g u l a r   c r o s s -  
s e c t i o n   t ube   26  shown,  the  s lob   i s   c u t   i n t o   t h r e e   a d j a c e n t  
s i d e   w a l l s   l e a v i n g   a  top   u n c u t   wal l   s e c t i o n   28  to  span  t h e  

s l o t .   The  t ube   member  26  is  p r o v i d e d   W i t h  a   f l a n g e   26F 
which  is  b o l t e d   to  a  f l a n g e   21f  ( F i g u r e   7)  of  a  c o n v e r g i n g  
n o z z l e   s e c t i o n   21  which  c o n n e c t s   to  an  a i r   s o u r c e .   On  t h e  
l e f t   of  t he   gap  27  is  the   n o z z l e   s e c t i o n   26n  of  the  t u b e  

and  on  the   r i g h t   hand  s i d e   of  the   a i r   gap  27  (as  seen  i n  

F i g u r e   7)  is  the   r e s o n a t o r   cup  23.  The  t u n i n g   of  t h e  

g e n e r a t o r   is  a c c o m p l i s h e d   by  moving  the  p lug   25  f o r w a r d s   o r  
b a c k w a r d s   in  t he   cup  23  l o n g i t u d i n a l l y   of  the   t ube   26.  ' T h e  

movement  of  the   p lug   25  can  be  a c c o m p l i s h e d   in  any  d e s i r e d  

f a s h i o n .  

In  F i g u r e   9  t h e r e   is  shown  a  s i m p l e   form  o r  
a d j u s t m e n t   in  which  a  s e r i e s   of  h o l e s   30  a re   d r i l l e d   i n  
l i n e   in  the   top   wa l l   of  the   tube   member  26  and  a  s e r i e s   o f  

c o - o p e r a t i n g   t a p p e d   h o l e s   are  p r o v i d e d   in  the   p l u g .   The  

p lug   is  moved  b a c k w a r d s   and  f o r w a r d s   in  the   t ube   26  a n d  

p o s i t i o n e d   by  i n s e r t i n g   a  cap  screw  or  s c r ews   i n t o   t h e  

a p p r o p r i a t e   h o l e s   in  the   tube   26  and  i n t o   the  c o r r e s p o n d i n g  
t h r e a d e d   h o l e s   in  the  p lug   25  to  anchor   i t .   O b v i o u s l y   a  
more  e l a b o r a t e   or  even  a u t o m a t i c   sys t em  c o u l d   be  p r o v i d e d  
in  which  h y d r a u l i c   or  p n e u m a t i c   c y l i n d e r s ,   or  the   l i k e ,  
c o u l d   be  p r o v i d e d   to  push  or  p u l l   the  p l u g ,   w i t h i n   the  t u b e  

26,  to  p o s i t i o n   i t .   Thus  the  p lug   p o s i t i o n ,   and  c o n s e -  

q u e n t l y   the   t u n i n g   of  the  g e n e r a t o r ,   c o u l d   be  r e m o t e l y  
c o n t r o l l e d .   In  t u b e s   wi th   s h o r t   r e s o n a n t   c a v i t i e s ,   t h e  

tube   c r o s s - s e c t i o n a l   a r e a   and  shape   may  o f t e n   p r o v e   to  b e  

an  i m p o r t a n t   f a c t o r   in  t u n i n g   the   g e n e r a t o r   to  the   d e s i r e d  

f r e q u e n c y .   Thus ,   r e c t a n g u l a r ,   s q u a r e ,   t r i a n g u l a r ,   s e m i -  

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

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

f l o w .  

In  the   i n v e n t i v e   c o n f i g u r a t i o n   shown,  at  l e a s t  

two  a d v a n t a g e s   a c c r u e .   F i r s t   the   wal l   28  s e r v e s   to  c o m b i n e  

the   c a v i t y   23  and  n o z z l e   26n  in  a c c u r a t e   a l i g n m e n t   and  as  a  

u n i t a r y   s t r u c t u r e .   Second,   the   a e r o d y n a m i c   and  a c o u s t i c  



f r e q u e n c y   p e r f o r m a n c e s   a re   v i r t u a l l y   t h a t   of  a  tube   o f  
t w i c e   the   c r o s s - s e c t i o n a l   a r e a ,   a d d i t i o n a l l y   the  a e r o -  

dynamic   b o u n d a r y   l a y e r   on  the   wa l l   28  may  a l l ow   o p e r a t i o n  
of  the   g e n e r a t o r   to  be  e x t e n d e d   from  s u p e r c r i t i c a l   n o z z l e  

p r e s s u r e   r a t i o   down  to  s u b c r i t i c a l   n o z z l e   p r e s s u r e   r a t i o s ,  

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

In  o r d e r   to  a t t a c h   the   H a r t m a n n - t y p e   g e n e r a t o r   i n  

p o s i t i o n   on  the   t u b e   s e c t i o n   15,  one  of  the   b l a n k i n g   y o k e s  
29  ( see   F i g u r e   6)  is  s i m p l y   u n b o l t e d   from  i t s   l e d g e   29A  a n d  
the   t u b e   26  of  t he   g e n e r a t o r   20  is  b o l t e d   on  t h a t   l e d g e  
2 9 i .  

F i g u r e   10  shows  a  second   form  of  m o d i f i e d  

H a r t m a n n - t y p e   g e n e r a t o r   in  which  a  c i r c u l a r   s e c t i o n   n o z z l e  
40  is  a l i g n e d   w i t h   an  a c o u s t i c   tube   41  in  the   mouth  o f  
which  42  is  fo rmed  a  r e v e r b e r a t i o n   cup  43.  An  a i r   gap  4 4  

s e p a r a t e s   t he   n o z z l e   40  from  the  t ube   41,  in  n o r m a l  
f a s h i o n .   The  gap  44  may  be  v a r i e d   to  accommodate   d i f f e r e n t  
n o i s e   g e n e r a t i o n   c o n d i t i o n s   and  s u i t a b l e   c l a m p i n g   means  may 
be  p r o v i d e d   to  c o n n e c t   n o z z l e   40  and  t ube   41  for   r e l a t i v e  

movement  and  to   p e r m i t   them  to  be  c lamped  in  a  v a r i e t y   o f  

s p a c i n g s .  
A  b r i d g e   member  45  spans   the   a i r   gap  44  and  i s  

s l i d i n g l y   e n g a g e d   w i t h i n   t h e . n o z z l e   40  and  the   t u b e   4 1 ,  

r e s t i n g   on  a l i g n e d   s e c t i o n s   of  the   p e r i p h e r a l   w a l l s   46,  47 
of  n o z z l e   and  t u b e   r e s p e c t i v e l y .   The  b r i d g e   s e c t i o n   is  o f  
s e m i - c i r c u l a r   c r o s s - s e c t i o n   where  i t   spans   the   a i r   gap  a n d  
has  a  f l a t   48  m a c h i n e d   on  i t s   top  s i d e .   At  the  n o z z l e   e n d  
of  the   b r i d g e   member,   t he   f l a t   48  is  cu rved   away  at  4 9  

t o w a r d s   t he   n o z z l e   to  p r o v i d e   for   smooth  p a s s a g e   of  a i r  

from  the   n o z z l e .   At  t he   o t h e r   end  of  the   b r i d g e   member  45 

is  a  p l u g   50  formed  i n t e g r a l l y   w i th   the   b r i d g e   member  45  

and  b e i n g   of  c i r c u l a r   s e c t i o n   to  f i t   s n u g l y   w i t h i n   t ube   4 1 .  

A  s e r i e s   of  h o l e s   52  in  the   upper   s e c t i o n   of  t he   p e r i p h e r a l  
wa l l   47  a c c o m m o d a t e s   a  t h r e a d e d   screw  member  53  which   c a n  
be  engaged   in  a  s e l e c t e d   one  of  a  s e r i e s   of  t h r e a d e d   h o l e s  

54  in  t he   c i r c u l a r   p lug   50  when  the  b r i d g e   member  is  moved  



b a c k w a r d s   and  f o r w a r d s   w i t h i n   the   t ube   41  and  n o z z l e   40  t o  

vary   the  d e p t h   of  the  r e v e r b e r a t i o n   cup  43,  be tween   t h e  

mouth  of  the  t ube   41  and  the   f l a t   f ace   55  formed  on  t h e  

p lug   at  the  p o i n t   where  i t   mee ts   wi th   the  f l a t   48  on  t h e  

b r i d g e   member.  I t   w i l l   be  u n d e r s t o o d   t h a t   any  o t h e r  

s u i t a b l e   mechanism  may  be  p r o v i d e d   for   s l i d i n g   and  f i x i n g  
the   p lug   50  in  the   tube   4 1 .  

As  has  been  i n d i c a t e d ,   i f   d e s i r e d   s u i t a b l e   m e a n s  

may  be  p r o v i d e d   to  clamp  the   b r i d g e   45  to  the   n o z z l e   4 0 ,  
for   example   a  s e r i e s   of  h o l e s   s i m i l a r   to  52  may  be  p r o v i d e d  
in  the  lower   s e c t i o n   of  p e r i p h e r a l   wa l l   46  of  n o z z l e   40,  t o  
accommodate   a  t h r e a d e d   sc rew  member  53b  which  can  engage   i n  

one  of  a  s e r i e s   of  t h r e a d e d   h o l e s ,   s i m i l a r   to  h o l e s   5 4 ,  

p r o v i d e d   in  the   u n d e r s i d e   of  b r i d g e   45  where  i t   e n t e r s  
n o z z l e   4 0 .  

By  s l i d i n g   the  b r i d g e   45  wi th   i t s   p lug   50  w i t h i n  

the   tube   41  so  as  to  va ry   t he   d e p t h   of  the   r e v e r b e r a t i o n  

cup  43,  the   H a r t m a n n - t y p e   g e n e r a t o r   may  be  tuned   t o  
d i f f e r e n t   f r e q u e n c i e s .  

This   nove l   v e r s i o n   of  g e n e r a t o r   has  the  a d v a n -  

t a g e s   of  t h a t   d e s c r i b e d   above  w i th   r e f e r e n c e   to  F i g u r e s   7 ,  
8  and  9  and  a d d i t i o n a l l y   p r o v i d e s   for   a  v a r i a b l e   a i r   g a p .  
Where  a  v a r i a b l e   a i r   gap  is  not  d e s i r e d ,   the   b o t t o m   s e g m e n t  
of  the   p e r i p h e r a l   w a l l s   46,  47  may  be  l e f t   i n t e g r a l ,   t h a t  
is  to  say  as  wi th   the   g e n e r a t o r   shown  in  F i g u r e s   7,  8  a n d  

9,  the   gap  44  may  be  cut   as  a  s l o t   and  a  w a l l ,   l i k e   2 8 ,  
l e f t   in  p l a c e .  

A l t h o u g h   the   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  
r e f e r e n c e   to  the   o p e r a t i o n   of  the   g e n e r a t e d   n o i s e   b e i n g  
used  to  s o n i c   t e s t   a  p i e c e   of  space   e q u i p m e n t ,   i t   w i l l   b e  
u n d e r s t o o d   t h a t   n o i s e   g e n e r a t e d   in  the   t ube   and  p a s s e d  
e i t h e r   d i r e c t l y   from  the  t ube   s e c t i o n ,   or  t h r o u g h   t h e  
a c o u s t i c   ho rn ,   or  some  o t h e r   s u i t a b l e   t u b u l a r   a r r a n g e m e n t ,  

may  be  used  to  shake   d u s t   p a r t i c l e s   from  an  e n v i r o n m e n t ,   o r  
to  g e n e r a t e   s o n i c   waves  in  a  f l u i d ,   or  the   l i k e ,   in  o r d e r  

to  a c c o m p l i s h   a  d e s i r e d   p u r p o s e .  



1.  Apparatus  for  producing  noise  cha rac te r i sed   by  a  tube  (14),  a 
high  frequency  h igh- level   noise  generator  (20)  coupled  to  the  tube ,  
a  low  frequency  h igh- leve l   noise  generator  (10)  coupled  to  the  tube  
for  i n t e r a c t i o n   with  the  said  generator  whereby,  in  operation,   the  
high  frequency  generator  is  excited  by  the  generated  low  frequency 
noise  to  provide  an  output  to  non- l inear ly   modulated  n o i s e .  

2.  Apparatus  according  to  claim  1,  cha rac te r i sed   in  that  the  tube  
(14)  is  adapted  for  communication  with  the  inside  of  a  r e v e r b e r a t i o n  
chamber  (18)  and  the  high  frequency  generator  (20)  is  an 
ae roacous t i c   high  frequency  h igh- level   noise  g e n e r a t o r .  

3.  Apparatus  according  to  claim  2,  cha rac te r i sed   in  that  the  tube  

(14)  includes  an  acoust ic   horn  (15,  17)  adapted  for  connection  to  
the  low  frequency  generator  (10)  at  i ts   small  end  and  for  connect ion  

to  the  r eve rbe ra t ion   chamber  (18)  at  i t s   large  end. 

4.  Apparatus  according  to  claim  1,  2  or  3,  charac te r i sed   in  t h a t  
the  low  frequency  generator  (10)  is  a  broad  band  low-frequency  no i se  

s o u r c e .  

5.  Apparatus  according  to  claim  1,  2  or  3,  cha rac te r i sed   in  t h a t  
the  low  frequency  generator  (10)  is  a  narrow  band  low-frequency 
noise  sou rce .  

6.  Apparatus  according  to  any  of  claims  1  to  5,  cha rac te r i sed   i n  
that   there  is  a  p l u r a l i t y   of  high  frequency  noise  generators   (20) 
spaced  along  the  tube  (14)  and  tuned  to  d i f f e r e n t   f r e q u e n c i e s .  

7.  Apparatus  according  to  any  of  claims  1  to  6,  charac te r i sed   i n  

that   the  or  each  high  frequency  generator  (20)  is  a  Hartmann-type 
noise  g e n e r a t o r .  

8.  Apparatus  according  to  any  of  claims  1  to  7,  charac te r i sed   i n  

that  the  low  frequency  generator  comprises  at  least   one  e l e c t r o -  



pneumatic  t ransducer   (10,  11) .  

9.  A  Hartmann-type  noise  generator  comprising  a  tube  (26),  a  s l o t  
(27)  cut  out  of  the  tube  wall  to  provide  an  air  gap  between  a  nozz le  

sect ion  (26  n)  of  the  tube  and  a  reverbera t ion   cup  (23)  formed  i n  
the  tube,  the  nozzle  section  and  cup  being  joined  by  an  uncut  

port ion  (28)  of  the  tube  wall  spanning  the  slot ,   and  an  a d j u s t a b l e  
tuning  plug  (25)  in  the  cup. 

10.  A  noise  generator  according  to  claim  9,  cha rac te r i sed   in  t h a t  

the  tube  (26)  is  rec tangular   in  c ross - sec t ion   and  the  slot  (27)  i s  

cut  in  three  of  the  four  wall  s i d e s .  

11.  The  Hartmann-type  noise  generator  comprising  a  nozzle  (40),  an 
aligned  acoust ic   tube  (41)  spaced  therefrom  by  an  air  gap  (44),  a 
r eve rbe ra t ion   cup  (43)  formed  in  the  mouth  of  the  tube  facing  t h e  

nozzle,  a  bridge  (45)  extending  between  the  nozzle  and  tube  and 

spanning  the  air  gap  and  being  in  contact  with  a  sect ion  of  a 

pe r iphera l   wall  of  the  nozzle  and  an  aligned  section  of  a  p e r i p h e r a l  
wall  of  the  tube,  and  means  (50)  for  varying  the  depth  of  t h e  

r eve rbe ra t ion   cup.  

12.  A  noise  generator  according  to  claim  11,  cha rac te r i sed   in  t h a t  
the  nozzle  (40)  and  tube  (41)  are  of  c i rcu la r   sect ion  and  the  b r i d g e  

(45)  is  a  member  of  semi-c i rcu lar   section  where  it  spans  the  a i r  

gap,  the  bridge  extending  into  the  nozzle  and  into  the  a c o u s t i c  

tube .  

13.  A  noise  generator  according  to  claim  12,  cha rac t e r i s ed   in  t h a t  
the  means  for  varying  the  depth  of  the  reverbera t ion   cup  (43)  is  a 
c i r cu l a r   plug  (50)  formed  i n t eg ra l l y   with  the  end  of  the  bridge  (45) 
and  located  within  the  reverbera t ion   cup,  and  posi t ion  a d j u s t i n g  

means  (52-54)  to  pos i t ive ly   locate  the  plug  within  the  acoust ic   tube 

(41) .  

14.  A  noise  generator  according  to  claim  13,  cha rac t e r i s ed   by  means 
(53)  for  securing  the  bridge  (45)  to  the  nozzle  (40)  and  to  the  tube 



(41)  to  permit  r e l a t i v e   movement  between  the  nozzle  and  tube  to  vary  
the  air  gap  ( 4 4 ) .  



1.  Apparatus  for  producing  noise  charac ter i sed   by  a  tube  (14),  a 
high  frequency  h igh- l eve l  no i se   generator  (20)  coupled  to  the  tube ,  

a  low  frequency  h i g h - l e v e l ! n o i s e  g e n e r a t o r   (10)  coupled  to  the  tube 
for  i n t e rac t ion   with  the  said  generator  whereby,  in  operat ion,   the  

high  frequency  generator  is  excited  by  the  generated  low  f requency 
noise  to  provide  an  output  o f  n o n - l i n e a r l y   modulated  n o i s e .  

2.  Apparatus  according  to  claim  1,  charac ter i sed   in  that  the  tube 

(14)  is  adapted  for  communication  with  the  inside  of  a  r e v e r b e r a t i o n  
chamber  (18)  and  the  high  frequency  generator  (20)  is  an 
aeroacoust ic   high  frequency  high-level   noise  gene ra to r .  

3.  Apparatus  according  to  claim  2,  charac ter i sed   in  that  the  tube 

(14)  includes  an  acoustic  horn  (15,  17)  adapted  for  connection  to 
the  low  frequency  generator  (10)  at  its  small  end  and  for  connect ion  

to  the  reverbera t ion  chamber  (18)  at  i ts   large  end. 

4.  Apparatus  according  to  claim  1,  2  or  3,  charac ter i sed   in  t h a t  

the  low  frequency  generator  (10)  is  a  broad  band  low-frequency high level noise 
source .  

5.  Apparatus  according  to  claim  1,  2  or  3,  charac ter i sed   in  t h a t  
the  low  frequency  generator  (10)  is  a  narrow  band  low-frequency 
noise  source .  

6.  Apparatus  according  to  any  of  claims  1  to  5,  cha rac te r i sed   i n  

that  there  is  a  p lu ra l i ty   of  high  frequency  noise  generators  (20) 

spaced  along  the  tube  (14)  and  tuned  to  d i f fe ren t   f r e q u e n c i e s .  

7.  Apparatus  according  to  any  of  claims  1  to  6,  charac ter i sed   i n  

that  the  or  each  high  frequency  generator  (20)  is  a  Hartmann-type 
noise  g e n e r a t o r .  

8.  Apparatus  according  to  any  of  claims  1  to  7,  cha rac te r i sed   i n  

that  the  low  frequency  generator  comprises  at  least  one  e l e c t r o -  



(41)  to  permi t  re la t ive  movement   between  the  nozzle  and  tube  to  va ry  
the  air  gap  ( 4 4 ) .  

15.  Use  of  apparatus  according to   any  of  claims  1  to  8  f o r  

sonic  t e s t i ng   of  an  a r t i c l e .  

16.  Use  of  apparatus  according  to  any  of  claims  1  to  8  f o r  
sonic  t e s t i ng   of  an  a r t i c l e   in  a  reverbera t ion   chamber. 
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