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©  New  electroacoustic  unit  for  the  efficient  genera- 
tion  of  high  sonic  and  ultrasonic  intensities  in  gas 
media  and  in  interphases  (gas-solid,  gas-liquid).  Said 
unit  is.  comprised  of  an  electromechanical  transducer 
system  of  which  the  radiating  element  is  a  plate  (3) 
having  a  discontinuous  profile  and  an  electronic  de- 
vice  for  the  controlled  generation  of  the  electric 
power  signal.  The  unit  is  capable  of  generating 
acoustic  fields  of  very  high  intensity  with  a  predeter- 
mined  configuration.  Particularly  it  is  capable  of  gen- 
erating  with  a  same  transducer  system  two  distinct 
configurations  of  the  acoustic  field.  Prototypes  for 
generating  directional  and  focused  fields  have  been 
developed. Fig.  3 
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The  object  of  this  patent  is  an  electroacoustic 
unit  for  efficient  generating  of  high  acoustic  inten- 
sities  in  gas  media  and  in  interphases  (gas-solid, 
gas-liquid.) 

Generating  high  intensity  ultrasonic  sonic 
waves  in  gases  involves  outstanding  difficulties  that 
are  basically  connected  to  the  low  acoustic  imped- 
ance  of  the  medium  (product  of  the  intensity  by  the 
propagation  velocity)  and  the  high  absorption  of  the 
same.  Therefore,  in  order  to  obtain  efficient  trans- 
mitting  of  acoustic  energy  a  good  coupling  be- 
tween  the  transmitting  system  and  the  gas  is  nec- 
essary.  Besides,  in  order  to  reach  high  intensities 
high  vibration  amplitudes  are  required  and  the 
acoustic  beam  must  be  very  directional  or  focaliz- 
ed. 

There  are  different  types  of  sonic  and  ultra- 
sonic  generators  for  use  in  gases.  Most  of  them 
are  aerodynamic  systems,  such  as  whistles  and 
sirens,  in  which  the  energy  is  supplied  by  a  stream 
of  gas.  The  acoustic  powers  reached  with  these 
systems  may  be  high,  however,  the  yields  that  are 
obtained  are  generally  low.  Acoustic  signals  trans- 
mitted  are  complex  and  have  difficulties  in  reaching 
ultrasonic  frequencies.  Besides,  aerodynamic  sys- 
tems  have  the  disadvantage  that,  along  with  acous- 
tic  radiation,  a  large  amount  of  gas  coming  from 
the  transmitter  is  propagated. 

Other  high  intensity  acoustic  wave  generators 
are  of  the  electromagnetic,  magnetostrictive  or  pi- 
ezoelectric  type,  working  with  solid  transmitters 
vibrating  longitudinally  whereby  they  have  out- 
standing  limitations  in  geometry  (to  prevent  trans- 
versal  modes),  as  well  as  to  attain  high  yields  and 
high  displacements.  The  most  recent  attempts  try 
to  use  flat  radiators  vibrating  flexionally.  This 
makes  it  possible  to  increase  the  radiating  surface, 
increasing  the  radiation  impedance  (which  is  pro- 
portional  to  the  radiator  surface),  and  attain  high 
displacements.  However,  the  big  problem  of  these 
systems  comes  from  the  phase  cancellation  that  is 
produced  as  a  result  of  the  areas  that  vibrate  in 
counterphase  on  both  sides  of  a  nodal  line.  There 
are  some  attempts  to  avoid  this  effect  by  covering 
those  internodal  areas  that  vibrate  with  the  same 
phase  with  absorbent  materials  and  leaving  the 
alternate  areas  that  vibrate  in  phase  opposition  to 
the  previous  ones  free.  Other  more  effective  struc- 
tures  try  to  take  advantage  of  all  the  vibrating  areas 
by  covering  the  internodal  areas  with  materials  that 
serve  as  medium  impedance  adaptors  and  with  a 
thickness  such  that  it  is  possible  to  correct  in  the 
radiation  the  phase  displacement  that  is  produced 
in  vibration.  These  systems,  though  they  are  more 
effective  than  the  above  cited  ones,  have  outstand- 
ing  practical  problems  coming  from  the  connec- 
tions  between  the  flat  plate  and  the  additional  ma- 
terials  that  are  placed  on  the  internodal  areas. 

The  present  invention  refers  to  an  elec- 
troacoustic  unit  that  consists  of  a  transducer  sys- 
tem  and  an  electronic  feed  device.  In  the  trans- 
ducer  system  which  may  be  piezoelectric  or  mag- 

5  netostrictive,  the  radiating  element  is  a  flexional 
type,  but  it  has  a  structure  having  a  discontinuous 
profile.  With  this  special  design,  the  vibration  am- 
plitude  and  the  radiation  phase  are  modified  in 
such  a  way  that  all  the  vibrating  areas  directly 

w  contribute  to  the  construction  of  the  acoustic  field 
with  a  configuration  that  may  be  predetermined. 
Besides,  with  the  same  radiating  element  it  is  pos- 
sible  to  obtain  two  different  configurations  of  the 
acoustic  field,  in  correspondence  with  the  different 

75  profile  of  each  one  of  the  surfaces  of  the  same. 
Particularly  prototypes  for  frequencies  of  approxi- 
mately  20  KHz  have  been  developed  which 
achieves,  with  a  single  transducer,  a  directional 
field  of  a  beam  width  (at  3  db)  less  than  3  degrees 

20  by  one  of  the  surfaces  of  the  radiating  element, 
and  a  strongly  focalized  field  in  an  axial  cylindric 
volume  some  10  cm.  long  and  less  than  2  cm. 
wide  on  the  other  surface.  Figure  1  shows  the 
directivity  diagram  of  the  transducer  radiating  at  its 

25  directional  surface,  while  Figure  2  shows  the  axial 
and  transversal  distribution  (in  the  focus)  of  the 
acoustic  field  transmitted  by  the  focalizing  surface. 
P  represents  the  acoustic  pressure  amplitude  and 
D  the  distance  in  centimeters. 

30  The  transducer  system  (Figure  3)  consists  es- 
sentially  of  a  transducer  element  (1)  that  can  be 
piezoelectric  or  magnetostrictive,  a  mechanical  vi- 

.  bration  amplifier  (2),  which  may  be  exponential, 
stepped,  conical  or  catenoid,  and  a  radiator  which 

35  is  a  plate  having  a  discontinuous  profile  on  the  two 
surfaces  (3)  thereof.  The  longitudinal  vibration  gen- 
erated  by  the  transducer  element  and  amplified  by 
the  mechanical  amplifier,  serves  to  excite  the  ra- 
diating  element  in  one  of  its  flexional  modes.  Al- 

40  though  in  general  it  is  useful  to  use  circular  shapes 
and  axysymmetric  modes,  obtaining  directional 
fields  is  achieved  by  displacing  alternatively  inter- 
nodal  crowns  in  medium  radiation  wave  length  in 
the  medium,  for  the  purpose  of  putting  the  entire 

45  beam  in  phase.  Likewise,  focalized  fields  are  ob- 
tained  by  displacing  the  internodal  crowns  in  such 
a  way  that  the  distance  from  the  center  of  said 
areas  to  the  focal  point  is  such  that  the  radiation 
arrives  in  phase  said  point  situated  in  the  field 

so  close  to  the  radiator.  It  is  obvious  that  by  varying 
the  length  of  displacement  of  the  internodal  crowns 
adequately  practically  any  distribution  of  the  acous- 
tic  field  that  is  desired  can  be  achieved. 

The  construction  of  radiators  with  a  double 
55  discontinuous  profile,  aside  from  the  usefulness 

that  is  represented  by  having  two  configurations  of 
the  acoustic  field,  favors  in  general  lines  a  more 
homogeneous  distribution  of  the  vibration  ampli- 
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tudes,  in  comparison  with  a  flat  radiator,  as  a  result 
of  the  mass  distribution.  This  results  in  a  greater 
power  capacity  of  the  transducer  systems  which,  in 
the  structure  that  is  presented  here,  is  produced  by 
the  maximum  vibration  amplitude  which  the  radia- 
tor  can  develop  without  breaking.  For  this  purpose 
the  radiators  that  are  presented  here  must  be 
made  out  of  metals  or  metal  alloys  which,  like  the 
ones  of  titanium,  have  good  vibratory  features  and 
high  mechanical  resistance. 

In  order  to  obtain  a  maximum  yield  in  the 
transducer  system,  the  three  basic  parts  that  form 
it  have  to  be  well  tuned  to  the  work  frequency.  As  a 
result,  the  system  turns  out  to  be  highly  resonant 
and,  given  that  the  conditions  of  the  medium  or  by 
heating  the  frequency  can  vary  with  time,  an  elec- 
tronic  excitation  device  with  very  specific  require- 
ments  is  necessary. 

Therefore,  the  generating  system,  aside  from 
producing  in  each  instant  a  signal  whose  frequency 
is  situated  within  a  very  narrow  band 
(corresponding  to  the  resonance  margin  of  the 
transmitter  used),  it  is  capable  of  automatically 
correcting  the  value  of  said  frequency  by  adapting 
it  to  the  slipping  produced  in  the  resonance  band 
of  the  transmitter,  as  the  reactive  mechanical  load 
associated  to  the  latter  varies  for  different  con- 
ditions  of  the  radiated  medium  and  of  the  transmit- 
ter  device  itself. 

The  presently  used  systems  for  excitation  of 
this  type  of  transducer  are  based  on  analogic  type 
oscillator  assemblies,  formed  by  a  power  amplifier 
refed  by  the  ultrasonic  transducer  itself  by  means 
of  a  tuned  bridge  circuit,  a  phase  shifter,  a  limiter 
and  a  band  pass  filter.  This  type  of  system  has  a 
rather  critical  performance  above  all  in  the  initial 
instants  of  transmission,  also  requiring  the  use  of 
components  having  a  very  high  precision,  as  well 
as  including  several  adjustment  points,  that  have  to 
be  adjusted  individually  for  each  different  ultrasonic 
transmitter  that  is  connected. 

The  generator  object  of  the  present  patent  in- 
troduces  a  new  process  for  following  up  the  reso- 
nance  frequence  of  the  transmitter,  which  does  not 
need  the  transducer  to  be  introduced  in  the  refeed 
loop  of  the  oscilating  circuit. 

The  process  is  based  on  the  fact  that  a  sonic 
or  ultrasonic  transmitter  of  the  piezoelectric  type 
has  a  purely  resistive  electric  impedance  when  it 
vibrates  in  the  central  point  of  its  resonance  band 
(assuming  that  there  has  been  a  compensation  of 
the  reactive  component  associated  with  the  in- 
terelectrodic  capacity  of  the  transducer.)  When  the 
operating  point  moves  away  (though  slightly)  from 
the  resonance,  a  considerable  reactive  component 
rapidly  appears.  As  a  result  thereof,  only  the  volt- 
age  and  intensity  signals  in  the  transducer  will  have 
a  negative  phase  displacement  at  the  resonance 

frequency. 
Therefore,  it  will  suffice  that  the  generator  ac- 

comodates  the  frequency  of  the  signal  at  the  point 
in  which  said  phase  displacement  is  cancelled  so 

5  that  resonance  is  produced. 
This  method  presents  a  series  of  advantages 

over  the  above  cited  ones: 
a)  It  is  not  necessary  to  introduce  the  transducer 
in  the  refeed  chain  of  the  system,  which  leads  to 

10  a  greater  stability  of  the  amplitude  of  the  excit- 
ing  signal. 
b)  The  manufacturing  of  the  electronic  device 
does  not  require  the  use  of  high  precision  com- 
ponents. 

15  c)  Finally,  the  operating  of  the  system  in  the 
resonance  points  turns  out  to  be  very  stable, 
adapting  accurately  to  the  band  slippings  caus- 
ed  by  variations  of  the  features  of  the  medium  in 
which  the  transmitter  radiates. 

20  Sonic  and  ultrasonic  transducers  also  have 
considerable  resistance  variations  in  terms  of  the 
temperature  of  the  ceramics,  which  changes  exten- 
sively  during  operation  due  to  heating.  The  de- 
scribed  system  also  includes  a  circuit  which  mea- 

25  sures  the  power  delivered  by  the  transducer  to  the 
load  and  estabilization  thereof. 

Just  as  is  put  forth  in  the  block  diagram  of 
Figure  4,  the  generating  system  consists  of  the 
following  basic  steps: 

30  a)  An  impedance  transformer  that  reduces  the 
impedance  of  the  transducer  to  50  Q. 
b)  A  compensation  reactor  of  the  spurious  ca- 
pacity  of  the  transducer. 
c)  A  suitable  power  amplifier  to  excite  loads  of 

35  5  0  0. 
d)  A  channel  to  take  a  sample  of  the  current 
signal  in  the  load. 
e)  A  channel  to  take  a  sample  of  the  output 
voltage  of  the  power  amplifier. 

40  f)  A  PLL  (Phase  Looked  Loop)  circuit  to  gen- 
erate  the  exciting  signal  of  the  power  amplifier, 
with  a  frequency  equal  to  the  resonance  fre- 
quency  of  the  transducer. 
g)  A  circuit  measuring  the  power  delivered  to 

45  the  load. 
h)  A  circuit  controlling  the  pwoer  delivered  to  the 
load. 

Hereinafter  the  operation  of  each  one  of  these 
steps  is  described  individually  as  well  as  their 

50  interrelationship: 
a)  Transformer  T1  has  a  band  much  wider  than 
the  resonance  frequency  margin  in  which  the 
transducer  moves,  introducing  a  negligible 
phase  displacement.  The  transformation  ratio  is 

55  such  that  the  impedance  that  the  primary  has  is 
50  n,  when  it  is  loaded  with  the  cold  transducer. 
The  impedance  of  50  fl  has  been  chosen  to  be 
able  to  adapt  to  the  impedance  of  originay 
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transmission  lines  of  50  fl,  which  join  the  trans- 
former  and  the  amplifier.  Depending  on  the  use, 
it  may  be  necessary  that  the  transducer  and 
main  unit  are  very  separated  from  each  other, 
and  therefore,  they  have  to  be  joined  by  an  5 
adapted  transmission  line. 
b)  The  compensation  reactor  L1  resonates  at  the 
work  frequency  of  the  transducer  with  the  spur- 
ious  electric  capacity  of  the  transducer,  com- 
pensating  the  detrimental  phase  displacement  w 
that  the  latter  could  introduce. 
c)  The  power  amplifier  is  capable  of  delivering  a 
power  suitable  to  each  use.  The  design  thereof 
is  common  and  it  should  be  adapted  to  excite 
loads  of  50  Q.  The  phase  displacement  intro-  75 
duced  between  the  input  and  output  signals  has 
to  be  null. 
d)  The  channel  for  taking  a  sample  of  the  cur- 
rent  in  the  charge  signal  is  formed  by  the  resis- 
tor  R1  which  is  located  series  connected  with  20 
the  load  of  the  amplifier  and  which  is  of  a  value 
much  less  than  50  Q,  in  such  a  way  that  it  does 
not  appreciably  modify  the  load  impedance  and 
the  voltage  that  appears  in  the  terminals  thereof 
is  proportional  to  the  current  intensity  in  the  25 
load.  The  signal  obtained  serves  to  control  the 
frequency  as  well  as  to  control  the  power. 
e)  The  channel  for  taking  a  sample  of  the  output 
voltage  of  the  power  amplifier  is  formed  by  a 
voltage  divider  that  takes  a  small  fraction  there-  30 
of,  made  out  of  resistors  R2  and  R3.  The  signal 
obtained  servies  to  control  the  power. 

The  PLL  (Phase  Looked  Loop)  circuit  is  of  a 
common  type.  It  is  made  up  of  a  VCO  (voltage 
controlled  oscillator),  a  four  -quadrant  multiplier  35 
acting  as  a  M1  phase  and  low  pass  filter  com- 
parator  ,  consisting  of  resistor  R6  and  condenser 
C3.  The  VCO  has  two  outputs,  one  in  the  form 
of  a  square  wave  to  attack  the  phase  compara- 
tor  and  another  in  the  form  of  a  sinewave  to  40 
attack  the  amplifier,  both  outputs  are  out  of 
phase  in 

radians.  The  other  phase  comparator  input  is  the 
signal  of  sample  of  output  current.  The  phase 
comparator  is  a  four-quadrant  multiplier  in  such 
a  way  that  the  PLL  hooks  up  to  the  frequency  at  50 
which  the  phase  difference  between  the  two 
inputs  is  t/2,  since  the  phase  difference  be- 
tween  the  two  VCO  outputs  is  also  -tt/2,  it  turns 
out  that  it  will  be  maintained  at  the  frequency  at 
which  the  phase  in  which  the  voltage  and  cur-  55 
rent  at  the  power  amplifier  outlet  is  O.  The 
central  work  frequency  of  the  VCO  is  adjusted 
by  means  of  resistor  R4  and  condenser  C1  . 

g)  The  circuit  measuring  the  power  delivered  to 
the  load  is  formed  by  a  four-quadrant  multiplier 
M2  whose  inputs  are  the  voltage  and  current 
samples  taken  at  the  outlet  of  the  power  am- 
plifier,  the  product  signal  is  filtered  low  pass  by 
means  of  resistor  R5  and  condenser  C2  in  such 
a  way  that  the  filter  output  is  proportional  to  the 
effective  power  in  the  load. 
h)  The  circuit  controlling  the  power  delivered  to 
the  load  consists  of  a  comparator  COM1  and  a 
four-quadrant  multiplier  M3,  functioning  as  an 
attentuator  controlled  by  voltage.  The  compara- 
tor  finds  the  difference  of  magnitude  between 
the  effective  power  in  the  load  and  a  reference 
signal  REF,  the  difference  between  them  serves 
to  control  the  attentuation  intorduced  by  the 
multiplier  M2. 

Keys  of  the  Graph 

Fig  4.-  A  general  block  diagram  of  the  elec- 
tronic  generator.  It  includes  the  transformation, 
power  amplification,  generation,  automatic  frequen- 
cy  control  and  power  control  steps. 

Claims 

1.  Electroacoustic  unit  for  generating  high  sonic 
and  ultrasonic  intensities  in  gases  and  inter- 
phases  consisting  of  an  electromechanical 
transducer  system  and  an  electronic  device  for 
controlled  generation  of  the  electric  power  sig- 
nal  in  which  the  electroacoustic  unit  is  char- 
acterized  because:  a)  the  transducer  system 
consists  of  a  transducer  element,  a  mechanical 
vibration  amplifier  and  a  radiator  shaped  like  a 
plate  having  a  discontinuous  profile  on  both 
surfaces.  The  three  parts  that  make  up  the 
transducer  system  are  tuned  in  order  to  reso- 
nate  at  the  work  frequency;  b)  the  electronic 
generator  is  made  up  of  a  power  amplifier,  a 
PLL  (Phase  Looked  Loop)  circuit,  a  circuit 
measuring  the  power  and  a  circuit  controlling 
the  power. 

2.  An  electroacoustic  unit  according  to  claim  1 
and  characterized  because  the  transducer  ele- 
ment  may  be  piezoelectric  or  magnetostrictive 
and  causes  a  longitudinal  vibration. 

3.  An  electroacoustic  unit  according  to  the  above 
claims  characterized  because  the  mechanical 
amplifier  can  be  exponential,  stepped,  conical, 
catenoid  or  other  similar  ones,  and  amplifies 
the  vibration  generated  by  the  transducer  ele- 
ment,  exciting  the  radiator  in  one  of  its  flex- 
ional  modes  of  vibration. 

4 
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4.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  radiating 
element  is  made  up  of  a  plate  that  may  have 
any  geometric  shape  (circular,  rectangular, 
square)  and  whose  two  surfaces  have  a  dis- 
continous  profile,  that  is  obtained  by  displacing 
in  the  direction  perpendicular  to  the  medium 
plane  of  the  plate,  some  internodal  areas. 

5.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  number 
and  position  of  the  internodal  areas  that  are 
displaced  as  well  as  the  height  or  depth  of  the 
displacements  depends  on  the  configuration  of 
the  acoustic  field  that  is  desired. 

6.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  with  a  single 
radiator  two  acoustic  fields  can  be  generated 
with  a  different  configuration,  in  correspon- 
dence  with  the  two  different  profiles  of  each 
one  of  the  surfaces. 

7.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  obtain- 
ing  of  directional  fields  is  achieved,  in  the  case 
of  circular  radiators  by  vibrating  in  one  of  the 
axysymmetric  modes  thereof,  alternately  dis- 
placing  the  internodal  crowns  in  average  wave 
length  of  radiation  in  the  medium. 

8.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  obtain- 
ing  of  focalized  fields  is  acheived,  in  the  case 
of  circular  radiators  by  vibrating  in  o.ne  of  the 
axysymmetric  modes  thereof,  displacing  the 
internodal  crowns  in  such  s  way  that  the  dis- 
tance  from  the  center  of  said  areas  to  the  focal 
point  is  such  that  the  radiation  arrives  in  phase 
said  point  situated  in  the  field  c.lose  to  the 
radiator. 

9.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  elec- 
tronic  generating  device  produces  in  each  in- 
stant  a  signal  whose  frequency  is  situated  with- 
in  the  resonance  band  of  the  transducer  sys- 
tem,  and  automatically  corrects  the  value  of 
said  frequency  to  adapt  it  to  the  slipping  that 
can  be  produced  in  the  resonance  band  of  the 
transmitter. 

10.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  elec- 
tronic  generator  has  a  power  amplifier  in  which 
the  phase  displacement  introduced  between 
the  input  and  output  signals  is  null. 

11.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  in  the  elec- 
tronic  generator  the  channel  for  taking  the 
sample  of  the  load  current  signal  is  formed  by 

5  a  resistor  in  series  with  the  load  of  the  am- 
plifier  with  a  value  that  does  not  appreciably 
modify  the  load  impedance  the  voltage  in  the 
terminals  thereof  being  proportional  to  the  cur- 
rent  intensity  in  the  load. 

70 
12.  An  electroacoustic  unit  according  to  the  above 

claims  and  characterized  because  in  the  elec- 
tronic  generator  a  sample  of  the  output  voltage 
of  the  power  amplifier  is  taken  by  means  of  a 

75  voltage  divider  to  control  the  power. 

13.  An  electroacoustic  unit  according  to  the  above 
claims  and  characterized  because  the  elec- 
tronic  generator  includes  a  PLL  (Phase  Looked 

20  Loop)  circuit  integrated  by  a  voltage  controlled 
oscillator,  a  four-quadrant  multipler  acting  as  a 
phase  and  low  pass  filter  comparator. 

14.  An  electroacoustic  unit  according  to  the  above 
25  claims  and  characterized  because  the  voltage 

controlled  oscillator  of  the  electronic  generator 
has  two  outputs,  one  in  the  form  of  a  square 
wave  which  attacks  the  phase  comparator  and 
another  sinewave  that  attacks  the  amplifier, 

30  both  out  of  phase  in  W2  radians,  the  other 
input  of  the  phase  comparator  being  the  output 
current  sample  signal. 

15.  An  electroacoustic  unit  according  to  the  above 
35  claims  and  characterized  because  in  the  elec- 

tronic  generator  the  circuit  measuring  the  pow- 
er  delivered  to  the  load  is  formed  by  a  four- 
quadrant  multiplier  whose  inputs  are  the  volt- 
age  and  current  samples  taken  at  the  output  of 

40  the  power  amplifier,  the  product  signal  being 
filtered  for  low  pass  to  obtain  a  signal  propor- 
tional  to  the  effective  power  in  the  load. 

16.  An  electroacoustic  unit  according  to  the  above 
45  claims  and  characterized  because  in  the  elec- 

tronic  generator,  the  circuit  controlling  the  pow- 
er  delivered  to  the  load  is  made  up  of  a 
comparator  and  four  quadrant  multiplier,  op- 
erating  as  an  attenuator  controlled  by  voltage. 

50 
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