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©  Method  of  controlling  an  ultrasonic  generator. 

©  The  invention  concerns  a  method  of  controlling 
the  operation  of  an  ultrasonic  generator  including  an 
ultrasonic  oscillator  to  function  at  a  desired  power 
output,  as  well  as  a  so  controlled  ultrasonic  gener- 
ator.  The  output  voltage  and/or  current  is  sensed  to 
produce  corresponding  digital  real  point  voltage 
and/or  current  signals  which  are  compared  to  cor- 
responding  digital  set  point  voltage  and.  or  current 
signals  to  adjust  the  frequence  and.  or  pulse  width  of 
a  digitally  controlled  ultrasonic  oscillator  to  make  real 
point  equal  to  set  point.  The  invention  is  particularly 
useful  in  ultrasonic  cleaning  devices  or  ultrasonic 
welders. 

CO 
CD 

o> 

CO 

CL 
111 

2 3 

r,3.i 

MM I  S  1 

Xerox  Copy  Centre 



The  invention  generally  concerns  a  control  ror 
trasonic  generators  and  more  particularly  a  con- 
Dl  for  the  ultrasonic  generator  of  ultrasonic  clean- 

g  equipment. 
The  power  of  an  ultrasonic  generator  is  rather 

3pendent  on  a  large  number  of  parameters  which 

iay  adversely  affect  the  operation  of  the  gener- 
:or.  Through  its  transducers  the  generator  emits  a 
uantity  of  acoustic  energy  to  a  medium;  in  the 
3se  of  cleaning,  this  is  usually  a  liquid  in  which 
le  objects  to  be  cleaned  have  been  placed.  The 
nergy  emitted  to  the  medium  accelerates  the  mol- 
cules  in  the  medium,  creating  intramolecular 
paces  which  implode  if  sufficient  energy  is  sup- 
lied.  The  resulting  Shockwaves  knock  particles  off 
le  objects  placed  in  the  liquid  (cleaning),  or  alter- 
atively  it  may  happen  that  objects  are  damaged 
}y  erosion)  or  even  destroyed.  The  quantity  of 

nergy  applied  is  consequently  important  and  has 
3  be  reproducible  under  all  circumstances.  Up 
ntil  now  ultrasonic  equipment  has  generally  been 
verdimensioned  so  as  to  ensure  at  least  an  ac- 
eptable  cleaning  result,  with  the  risk  that  some- 
ting  might  occasionally  go  wrong. 

The  power  emitted  by  an  ultrasonic  generator 
iepends  in  a  cleaning  device  on  a  number  of 
lifferent  parameters,  such  as  the  liquid  used,  the 
leight  of  the  liquid  column,  the  viscosity,  the  tem- 
jerature,  surface  tension  of  the  liquid,  loading  of 
he  cleaning  tank,  mains  supply  voltage,  etc.  These 
jarameters  do  not  only  affect  output  power  of  the 
jenerator  and  cleaning  power,  but  also  the  power 
nput  to  the  generator  and  its  ability  to  transfer 
energy  into  the  medium.  Medium  is  to  be  under- 
stood  to  mean  the  attached  tank  provided  with  any 
orm  of  transfer  element  known  as  transducer. 

One  approach  to  keep  the  power  input  to  the 
jltrasonic  generator  of  an  ultrasonic  cleaning  de- 
vice  within  acceptable  limits  while  keeping  the 
oower  output  constant  is  disclosed  in  DE-A-33  17 
D45.  This  publication  proposes  to  measure  the  ac- 
tual  power  transferred  by  the  ultrasonic  generator 
to  the  ultrasonic  transducer,  to  compare  the  actual 
power  with  a  desired  power  providing  the  required 
cleaning  effect  and  to  obtain  a  difference  signal 
which  is  used  to  adjust  the  frequency  of  a  voltage 
controlled  oscillator  so  as  to  keep  the  power  output 
at  the  desired  power  output.  This  publication  allows 
to  keep  constant  the  power  output  of  the  generator 
at  a  desired  value  which  is  to  be  adjusted  before 
putting  the  ultrasonic  cleaning  device  into  operation 
under  consideration  of  the  above  parameters.  As 
these  parameters  change  during  operation,  the  ad- 
justed  desired  value  is  no  longer  in  agreement  with 
the  desired  value  for  the  changed  parameters  so 
that  the  ultrasonic  cleaning  device  may  then  not 
operate  satisfactorily  as  regards  cleaning  effect  and 

power  mpUl  IU  1MB  UlliaoUHIO  youoiaiui. 
The  object  of  the  invention  is  to  improve  the 

operation  of  ultrasonic  generator  at  a  constant  pow- 
er  output,  especially  cleaning  devices  as  regards 
cleaning  effect  and  power  output  from  the  ultra- 
sonic  generator. 

This  object  is  achieved  in  a  method  according 
to  the  preamble  of  claim  1  and  a  control  according 
to  the  preamble  of  claim  6  by  means  of  the  fea- 

>  tures  claimed  in  the  characterizing  part  of  claims  1 
and  6,  respectively. 

Embodiments  of  the  invention  are  claimed  in 
the  sub-claims. 

The  invention  will  now  be  described  by  way  of 
5  example  with  reference  to  the  accompanying  draw- 

ings,  wherein: 
Fig.  1  is  a  schematical  representation  of  a 

circuit  diagram  of  a  preferred  embodiment  of  the 
ultrasonic  generator  according  to  the  invention;  and 

o  Fig.  2  is  a  graph  showing  the  impedance  of 
a  ceramic  transducer  element. 

In  Fig.  1  is  shown  schematically  an  overall 
general  circuit  diagram  of  a  preferred  embodiment 

5  of  an  ultrasonic  generator  according  to  the  inven- 
tion.  The  ultrasonic  generator  comprises  an  ultra- 
sonic  frequency  power  converter  or  oscillator  U2 
which  is  connected  to  a  power  supply  U1  fed  by 
mains.  The  power  supply  U1  supplied  in  an  appro- 

@o  priate  form  the  energy  needed  to  operate  the  ultra- 
sonic  generator.  It  comprises  e.g.  mains  filter  (if 
necessary),  transformer(s)  or  a  switch-mode  power 
supply,  rectifiers  and  if  necessary  smoothing  filters. 
Its  components  do  not  form  a  part  of  the  claimed 

!5  invention. 
The  oscillator  or  ultrasonic  frequency  power 

converter  U2  comprises  a  digitally  controlled  os- 
cillator  producing  output  power  at  a  frequency  Fo. 
The  power  output  from  the  oscillator  may  be  varied 

to  by  changing  or  shifting  its  oscillation  frequency  or 
keeping  its  frequency  constant  at  Fo,  but  modulat- 
ing  the  pulse  width  thereof. 

Ultrasonic  transducers  Xi  ...Xn  are  connected  in 
parallel  across  the  output  terminals  of  the  oscillator 

«  U2.  The  number  of  transducers  Xi...Xn  is  deter- 
mined  by  the  particular  application.  The  trans- 
ducers  may  exhibit  inductive,  capacitive  or  resistive 
behaviour. 

The  voltage  converter  U3  is  connected  across 
50  the  output  terminals  of  the  oscillator  U2  to  convert 

the  voltage  supplied  to  the  transducers  Xi  ...X„  into 
a  digital  real  point  voltage  signal. 

A  current  converter  U4  is  connected  between 
the  oscillator  U2  and  the  transducers  Xi...Xn  to 

55  convert  the  current  supplied  to  the  transducers 
Xi...Xn  into  a  digital  real  point  current  signal. 

The  voltage  and  current  converters  U3  and  U4 
may  also  form  a  single  power  converter  generating 
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i  digital  real  point  signal. 
The  digital  real  point  (voltage  and  current)  sig- 

lals  are  compared  with  corresponding  set  point 
signals  in  a  comparator  which  may  comprise  a 
3PU  U7  of  a  data  processing  system  to  produce  a 
;ontrol  signal  when  the  real  points  do  not  agree 
vith  the  set  points.  This  control  signal  is  fed  to  the 
oscillator  U2  to  either  adjust  the  frequency  thereof 
)r  to  modulate  the  pulse  width  of  its  frequency  to 
nake  the  real  point  equal  to  the  set  point. 

The  CPU  U7  is  connected  through  a 
series/parallel  addressed  frequency  oscillator  U6 
urogrammable  for  pulse-width  modulation  and/or 
requency  shift  to  the  ultrasonic  frequency  power 
converter  or  oscillator  U2. 

The  hardware-based  logic  and/or  central  pro- 
cessor  (CPU)U7  is  connected  in  a  preferred  em- 
bodiment  to  a  bidirectional  input/output  point  U8  for 
Darallel  data  transmission  and  via  program  switches 
3W1...SWn  to  a  program  instructor  U9  comprising 
nardware,  PROM,  EPROM,  CPU,  software,  etc.  The 
Durpose  of  the  unit  U9  is  to  convert  in  a  particular 
system  to  which  the  ultrasonic  generator  is  applied 
:o  the  operation  parameters  of  the  system  and  to 
send  them  via  the  CPU  U7  to  the  series/parallel 
addressed  frequency  oscillator  U6  in  the  preferred 
smbodiment  of  the  invention. 

The  operation  parameters  are  entered  into  unit 
U9  through  data/address  lines  1  ...n. 

The  bidirectional  input/output  port  U8  as  par- 
allel  data  transmission  allows  to  enter  data  into  the 
CPU  under  the  control  of  the  WRITE  line  from 
external  sources  or  to  display  data  in  the  CPU 
externally  under  the  control  of  the  READ  line.  The 
FLAG  indicates  the  digital  cycle  in  which  the  CPU 
is  located  and  enables  this  to  be  changed. 

The  CPU  U7  is  also  connected  to  an  RSC 
IN/OUT  converter  U5  programmable  for  the  correct 
RSC  code  and  band  rate  for  connection  to  a  serial 
transmission  line  for  peripheral  connections,  e.g. 
for  changing  the  set  point  values  by  a  remote 
control  via  a  telephone  line. 

The  CPU  U7  is  also  connected  to  a  potentiom- 
eter  P1  for  tuning  the  oscillator  to  a  fundamental 
frequency  Fo. 

Fig.  2  shows  a  graph  for  ceramic  transducer 
element  showing  the  effect  of  the  frequency  of  the 
impedance  of  the  transducer;  the  centre  frequency 
can  be  influenced  by  a  pure  Fo  shift,  but  also  by  a 
fixed  Fo  which  changes  in  pulse  width.  The  same 
applies  to  inductive  or  magnetostrictive  transducer 
elements.  In  the  case  of  ceramic  elements  the 
voltage  is  virtually  constant.  For  magnetostrictive 
elements  the  current  is  virtually  constant.  For  ce- 
ramic  elements  the  formula  U2/Zc  =  P-out  can 
mainly  be  used,  whereby  the  voltage  dominates. 
For  magnetostrictive  elements  the  formula  is  I2  x 
Z1  =  P/out,  with  the  current  dominating.  So  in 

these  cases  it  will  be  sufficient  to  activate  enner  ine 
voltage  inverter  U3  or  current  inverter  U4.  The 
phase  angle  between  current  and  voltage  is  prac- 
tically  identical  in  both  cases,  except  that  in  the 

5  one  case  it  is  leading  and  in  the  other  case  it  is 
lagging.  In  cases  where  the  transducers  behave 
resistive,  both  the  l-converter  and  the  U-converter 
are  made  active. 

It  is  clear  from  the  graph  that  the  transducers 
o  have  a  natural  frequency  response  in  respect  of 

their  load;  this  has  been  known  for  decades,  and  so 
it  is  not  a  part  of  the  invention  to  change  the 
frequency  Fo  of  the  oscillator,  but  only  the  way  in 
which  the  generator  is  controlled  to  obtain  this 

'5  change. 
Briefly,  the  energy  emitted  by  ultrasonic  os- 

cillator  U2  is  measured  in  terms  of  current  and/or 
voltage  depending  on  the  transducers  Xi...Xn  and 
converted  in  converters  U3  and/or  U4  into  a  digital 

?o  real  point  (voltage  and/or  current)  signal  which  is 
compared  in  comparator  or  CPU  U7  with  a  set 
point  value.  The  set  point  value  may  be  obtained 
from  "data/address"  buses  ,  PROM  or  software. 
Based  on  the  comparison  in  CUP  U7  the  frequency 

?5  Fo  of  the  oscillator  U2  is  either  shifted  or  a  pulse 
width  modulation  is  applied  to  the  frequency  Fo  of 
the  oscillator  U2  through  unit  U6  to  make  the  real 
point  equal  to  the  set  point.  The  digitally  controlled 
oscillator  may  have  a  frequency  range  approxi- 

30  mately  from  20,000  to  100,000  Hz. 
The  digital  control  used  in  controlling  the  ultra- 

sonic  generator  of  the  invention  is  faster,  more 
accurate  easier  to  control  then  prior  art  control 
systems.  In  the  preferred  embodiment  it  is  ba- 

35  sically  a  cybernetic  circuit  which  bears  some  re- 
semblance  to  the  natural  motional  feedback  that 
occurs  in  existing  life-forms.  Through  the 
data/address  buses  this  system  hay  eyes,  ears, 
hands  and  feet  and  is  only  limited  by  the  available 

40  memory  storage  capacity,  which  can  of  course 
easily  be  expanded. 

Claims 
45 

1.  A  method  of  controlling  the  operation  of  an 
ultrasonic  generator  including  an  ultrasonic  oscilla- 
tor  to  function  at  a  desired  power  out- 
put.characterized  by  the  steps  of 

so  sensing  the  output  voltage  of  the  ultrasonic  oscilla- 
tor  and  generating  a  digital  real  point  voltage  signal 
commensurate  therewith;  and/or 
sensing  the  output  current  of  the  ultrasonic  oscilla- 
tor  and  generating  a  digital  real  point  current  signal 

55  commensurate  therewith; 
comparing  the  digital  real  point  voltage  and/or  cur- 
rent  signals  with  corresponding  digital  set  point 
voltage  and/or  current  signals  and  generating  a 

3 
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gital  signal  when  said  real  and  set  point  signals 
d  not  agree,  and 
tanging  the  frequency  of  a  digitally  controlled 
sciliator  or  modulating  the  pulse  width  thereof  to 
lereby  make  the  real  point  equal  to  the  set  point. 

2.  The  method  according  to  claim  1,  further 
omprising  the  step  of  manually  or  continuously 
utomatically  adjusting  the  set  point  as  a  function 
f  operation  parameters  of  an  ultrasonic  systems 
sing  said  ultrasonic  generator. 

3.  The  method  of  claim  2,  wherein  said  system 
;  an  ultrasonic  cleaning  system  and  said  set  points 
re  continuously  adjusted  as  a  function  of  the  liquid 
sed,  the  viscosity,  the  temperature  and/or  the 
urface  tension  thereof,  and/or  the  height  of  the 
quid  column. 

4.  The  method  of  claim  2,  wherein  said  system 
;  an  ultrasonic  welding  system  and  said  set  points 
re  adjusted  as  a  function  of  the  materials  to  be 
/elded. 

5.  The  method  of  claim  3  or  4,  wherein  said  set 
loints  are  adjusted  as  a  function  of  the  mains 
upply  voltage. 

6.  An  ultrasonic  generator  comprising  an  ultra- 
ionic  oscillator  and  ultrasonic  transducer  means 
iriven  by  said  ultrasonic  oscillator  and  ultrasonic 
isciliator  output  sensing  means,  characterized  in 
hat  said  ultrasonic  generator  comprises  a  digitally 
controlled  oscillator,  said  sensing  means  generate 
i  digital  real  point  output  signal,  digital  means  for 
comparing  the  digital  real  point  output  with  a  set 
joint  output  signal  and  means  for  shifting  the  fre- 
quency  of  the  digitally  controlled  oscillator  or  mod- 
jlating  its  pulse  width  to  keep  the  real  point  signal 
3qual  to  the  set  point  signal. 

7.  The  ultrasonic  generator  of  claim  6,  wherein 
said  sensing  means  comprise  a  voltage  sensing 
means  for  generating  a  digital  real  point  voltage 
signal  and/or  a  current  sensing  means  for  generat- 
ing  a  digital  real  point  current  signal. 

8.  The  ultrasonic  generator  of  claims  6  or  7, 
wherein  said  comparing  means  comprises  a  CPU 
of  a  signal  processing  means. 

9.  The  ultrasonic  generator  of  claim  8,  compris- 
ing  input  means  to  said  CPU  for  inputting  operation 
parameters  of  the  system  using  the  ultrasonic  gen- 
erator. 

10.  The  ultrasonic  generator  of  claim  9, 
wherein  said  system  comprises  an  ultrasonic  clean- 
ing  system  and  wherein  said  operation  parameter 
include  the  cleaning  medium,  the  viscosity,  tem- 
perature  and/or  surface  tension  thereof,  and/or  the 
height  of  the  column  of  the  medium. 

11.  The  ultrasonic  generator  of  claim  9, 
wherein  the  system  comprises  an  ultrasonic  weld- 
ing  system  and  wherein  said  operation  parameters 
include  the  materials  to  be  welded. 

Yd.  i  ne  ultrasonic  genereuui  ui  uicuiu  iu  ui  i  i, 
wherein  said  operation  parameters  include  the 
mains  supply  voltage. 

13.  The  ultrasonic  generator  of  any  one  of  the 
claims  7  to  12,  comprising  an  input  to  the  CPU  for 
remote  control. 
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