
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets (n)  Publication  number:  0  4 8 9   060   B 1  

EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  specification 
30.11.94  Bulletin  94/48 

©  int.  ci.5:  G21K  1/04,  H05G  1/26 

(2j)  Application  number  :  90912526.2 

(22)  Date  of  filing  :  10.08.90 

(86)  International  application  number  : 
PCT/EP90/01329 

@  International  publication  number  : 
WO  91/03056  07.03.91  Gazette  91/06 

(54)  SLIT  RADIOGRAPHY  APPARATUS. 

(30)  Priority:  22.08.89  NL  8902117 

(43)  Date  of  publication  of  application 
10.06.92  Bulletin  92/24 

(45)  Publication  of  the  grant  of  the  patent  : 
30.11.94  Bulletin  94/48 

@  Designated  Contracting  States  : 
DE  FR  GB  IT  NL 

(56)  References  cited  : 
EP-A-  0  155  065 
WO-A-88/07807 
WO-A-89/02645 
GB-A-  1  046  337 
US-A-  4  071  771 

CO 
o  
CO 
o  

00 

LU 

(73)  Proprietor:  B.V.  Optische  Industrie  "De  Oude 
Delft 
Van  Miereveltlaan  9 
NL-2612  XE  Delft  (NL) 

(72)  Inventor  :  GELUK,  Ronald,  Jan 
Oosteinde  30 
NL-2631  PL  Nootdorp  (NL) 

(74)  Representative  :  van  der  Burg,  Louis 
b.v.  Optische  Industrie  De  Oude  Delft 
Van  Miereveltlaan  9 
NL-2612  XE  Delft  (NL) 

Note  :  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any 
person  may  give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted. 
Notice  of  opposition  shall  be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been 
filed  until  the  opposition  fee  has  been  paid  (Art.  99(1)  European  patent  convention). 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  489  060  B1 2 

Description 

The  invention  relates  to  a  slit  radiography  appa- 
ratus,  provided  with  an  absorption  device  which  op- 
erates  in  conjunction  with  a  slit  diaphragm  and  which 
comprises  electrically  controllable  piezo-electric  ton- 
gues,  and  also  with  a  control  device  which  provides 
electrical  control  signals  for  the  tongues. 

Such  an  apparatus  is  disclosed,  for  example,  by 
the  Dutch  Patent  Application  NL-A-8400845.  The 
known  apparatus  comprises  an  X-ray  source  which  is 
capable  of  scanning  a  patient  or  object  to  be  exam- 
ined  with  a  flat  fan-shaped  X-ray  beam  via  a  slit-type 
diaphragm.  In  order  to  obtain  an  equalized  X-ray  im- 
age,  there  is  provided  near  the  slit-type  diaphragm  an 
absorption  device  which  comprises  a  number  of  ad- 
jacently  situated  absorption  elements  which  can  be 
inserted  to  a  greater  or  lesser  degree  in  the  X-ray 
beam  under  the  control  of  electrical  control  signals. 

Each  absorption  element  is  capable  of  affecting 
a  sector  of  the  fan-shaped  X-ray  beam.  The  control 
signals  are  obtained  by  means  of  a  detector  which  is 
provided  behind  the  patient  or  the  object  and  which 
measures  the  amount  of  radiation  transmitted  per 
sector  of  the  X-ray  beam  and  provides  appropriate 
electrical  control  signals. 

As  absorption  elements,  use  may  advantageous- 
ly  be  made  of  tongues  of  piezoelectric  material  which 
are  clamped  at  one  end  and  whose  other  end  can  be 
swivelled  into  the  X-ray  beam  under  the  control  of  the 
above-mentioned  electrical  control  signals.  Such  ton- 
gues  already  absorb  X-ray  radiation  to  a  certain  de- 
gree  themselves,  but  they  can  be  provided  at  the  free 
ends  with  special  elements  which  absorb  X-ray  radi- 
ation. 

The  tongues  may  be  simple  tongues  of  piezoelec- 
tric  material  which  can  be  brought  to  a  curved  config- 
uration  by  means  of  an  electrical  control  voltage  ap- 
plied  between  the  top  and  bottom  face.  The  tongues 
may  also  be  so-called  bimorphous  elements  which 
are  composed  of  two  strips  of  piezoelectric  material 
laid  on  top  of  each  other.  The  electrical  control  voltage 
is  then  between  the  outside  faces  (top  and  bottom 
face)  which  are  connected  to  each  other  and  the  com- 
mon  central  face. 

It  is  important  that  the  tongues  react  rapidly  and 
accurately  to  the  electrical  control  signals.  It  has  been 
found  that  the  tongues  may  commence  resonance  vi- 
bration,  as  a  result  of  which  the  tongues  become  un- 
controllable  and  may  even  break.  Although  such  un- 
controlled  vibrations  can  be  prevented  by  filtering  the 
control  signals  concerned,  the  use  of  a  filter  suitable 
for  this  purpose  also  results  in  a  relatively  sluggish 
control  of  the  tongues. 

There  is  thereforea  need  forafacility  for  damping 
the  movement  of  piezoelectric  tongues  of  a  slit  radiog- 
raphy  apparatus  in  an  effective  way,  with  a  rapid  re- 
action  of  the  tongues  to  the  control  signals  being 

maintained. 
For  this  purpose,  according  to  the  invention,  an 

apparatus  of  the  type  described  is  characterized  by  a 
damping  device  which  receives  the  control  signals  for 

5  the  tongues  and  which  comprises  for  each  tongue  an 
E.M.F.  (Electro  Motive  Force)  measuring  circuit  which 
interacts  with  it  and  which  provides,  during  operation, 
an  output  signal  which  represents  the  counter-E.M.F. 
generated  by  a  tongue,  which  output  signal  is  com- 

10  bined  with  the  control  signal  for  the  tongue  con- 
cerned. 

It  is  pointed  out  that  European  Patent  Application 
EP-A-01  55065  describes  various  methods  for  damp- 
ing  tongue-type  absorption  elements  or  tongue-type 

15  carriers  of  absorption  elements  with  the  aid  of  mech- 
anical  means  or  with  the  aid  of  eddy  currents  gener- 
ated  in  metal  vanes  attached  to  the  tongues.  How- 
ever,  these  known  techniques  are  less  suitable  for 
tongues  of  piezoelectric  material,  which  is  relatively 

20  brittle,  and  require,  in  addition,  an  appreciable 
amount  of  extra  space  in  the  absorption  device. 

The  invention  will  be  described  below  in  more  the 
tongues  are  clamped  at  one  end.  As  a  result  of  sup- 
plying  detail  with  reference  to  the  attached  drawing  of 

25  an  exemplary  embodiment. 
Fig.  1  shows  diagrammatically  in  side  elevation 
an  example  of  a  slit  radiography  apparatus  pro- 
vided  with  an  absorption  device; 
Fig.  2  shows  diagrammatically  in  side  elevation 

30  an  example  of  a  piezoelectric  tongue  provided 
with  an  absorption  element; 
Fig.  3  shows  by  way  of  example,  in  a  block  dia- 
gram,  how  the  piezoelectric  tongues  can  be  con- 
trolled  according  to  the  invention;  and 

35  Fig.  4  shows  an  exemplary  embodiment  of  a  part 
of  Fig.  3. 
Fig.  1  shows  diagrammatically  in  side  elevation 

an  example  of  a  (known)  slit  radiography  apparatus 
provided  with  an  absorption  device.  The  apparatus 

40  shown  comprises  an  X-ray  source  1  which  is  capable 
of  scanning  a  patient  4  or  an  object  to  be  examined 
in  the  direction,  indicated  by  arrows  5,  transversely  to 
the  plane  of  the  fan-shaped  beam  3  via  a  slit-type  dia- 
phragm  2.  An  X-ray  detector  6,  which  may  comprise, 

45  for  example,  an  X-ray  film  cassette  or  a  concomitant- 
ly  moving  oblong  X-ray  image  intensif  ier  tube,  picks 
up  the  radiation  transmitted  through  the  patient  and 
effects  the  formation  of  the  desired  X-ray  shadow  im- 
age.  The  scanning  in  accordance  with  the  arrows  5 

so  takes  place  because,  during  operation,  the  X-ray 
source  swivels  about  an  axis,  as  indicated  by  an  arrow 
7,  extending  transversely  to  the  plane  of  the  drawing, 
preferably  through  the  X-ray  focus  of  the  X-ray 
source. 

55  In  order  to  obtain  an  equalized  X-ray  picture,  use 
is  made  of  an  absorption  device  8  which  is  capable  of 
modulating  the  X-ray  beam  per  sector.  The  absorp- 
tion  device  comprises  adjacently  situated  piezoelec- 

2 
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trie  tongues,  also  known  as  piezoceramic  tongues  be- 
cause  the  tongues  are  manufactured  from  ceramic 
material  having  piezoelectric  properties.  An  example 
of  such  a  tongue  is  shown  in  Fig.  2.  Each  tongue  is  ca- 
pable  of  affecting  a  particular  sector  of  the  X-ray 
beam  3.  For  this  purpose  suitable  electrical  signals  to 
a  tongue  it  bends,  with  the  result  that  the  free  end 
penetrates  the  X-ray  beam.  The  necessary  control 
signals  are  provided  by  a  detector  9  which  is  situated, 
in  this  example,  between  the  patient  and  the  X-ray  de- 
tector  and  which  picks  up  the  radiation  transmitted 
through  the  patient  at  every  instant  and  provides  per 
sector  of  the  X-ray  beam  electrical  signals  which  are 
supplied  via  a  processing  circuit  1  0  to  the  correspond- 
ing  tongues.  As  shown,  the  detector  may  be  an  oblong 
radiation  detector  which  moves  synchronously  with 
the  scanning  movement  of  the  X-ray  beam  but  it  can 
also  be  a  two-dimensional  stationary  detector. 

Fig.  2  shows  diagrammatically  in  side  elevation  a 
piezoceramic  tongue  11  of  the  bimorphous  type  com- 
posed  of  two  strips  12,  13  of  piezoelectric  material 
mounted  on  each  other.  The  strip  shown  is  clamped 
in  a  carrier  14  near  an  end  and,  in  this  example,  is  pro- 
vided  with  an  absorption  element  15  at  the  free  end. 
Broken  lines  indicate  a  possible  working  position.  The 
tongue  is  controlled  by  a  control  voltage  Ve  which  is 
applied  during  operation  between  two  terminals  16, 
17,  of  which  one  is  connected  to  the  central  face  18 
between  the  two  strips  12,  13  and  the  other  to  the  two 
outside  faces  19,  20  of  the  strips. 

Fig.  3shows,  by  way  of  example,  a  blockdiagram 
of  a  control  circuit  for  the  piezoceramic  tongues.  The 
invention  is  based  on  the  insight  that  a  piezoelectric 
tongue  generates,  during  operation,  a  counter-E.M.F. 
which  is  dependent  on  the  curvature  of  the  tongue.  It 
should  be  possible  to  derive  from  this  counter-E.M.F. 
a  damping  signal  for  the  tongue  concerned  which  is 
capable  of  preventing  tongue  resonance  phenomena. 

According  to  the  invention,  the  counter-E.M.F.  of 
each  tongue  is  continuously  measured  and  an  elec- 
trical  signal  derived  from  the  instantaneous  counter- 
E.M.F.  is  subtracted  from  the  control  signal  provided 
for  the  tongue  concerned  by  the  detector  9  after  a 
possible  preprocessing.  All  this  is  shown  diagrammat- 
ically  in  Fig.  3.  During  operation,  the  control  signal 
provided  by  the  detector  9,  optionally  after  a  prepro- 
cessing,  is  present  at  the  input  31  of  the  control  circuit 
30  shown.  Said  signal  is  fed  via  a  feedback  point  32 
to  an  amplifier  33  whose  output  is  fed  to  a  E.M.F. 
measuring  circuit  34  still  to  be  described  in  more  de- 
tail.  The  E.M.F.  measuring  circuit  34  is  coupled  to  a 
piezoelectric  tongue  which  is  diagrammatically  indi- 
cated  by  the  block  35.  In  addition,  the  E.M.F.  meas- 
uring  circuit  forms,  in  a  way  still  to  be  described  in  de- 
tail,  a  signal  which  is  dependent  on  the  instantaneous 
counter-E.M.F.  of  the  tongue  concerned  and  which  is 
fed  with  a  negative  sign  to  the  feedback  point  32  via 
a  feedback  amplifier  36. 

The  counter-E.M.F  is  dependent  on  the  move- 
ment  of  the  tongue,  with  the  result  that  the  control  cir- 
cuit  30  forms  a  so-called  motional  feedback  system. 
According  to  the  invention,  a  feedback  signal  repre- 

5  senting  the  counter-E.M.F.  of  a  tongue  during  opera- 
tion  can  be  obtained  with  the  aid  of  a  circuit  of  the  type 
shown,  for  example,  in  Fig.  4. 

Fig.  4  shows  a  bridge  circuit  having  four  branches 
40  to  43  inclusive.  Branch  41  comprises  two  connect- 

10  ing  points  44,  45  which  are  connected  during  opera- 
tion  to  the  tongue  46  to  be  controlled.  The  branches 
42  and  43  both  comprise  a  resistor  R  which  may  be, 
for  example,  10  kQ  in  a  practical  situation. 

Assuming  a  component  Q  which  exhibits  a  be- 
15  haviour  corresponding  to  the  behaviour  of  a  station- 

ary  tongue  is  connected  in  the  branch  40,  the  bridge 
can  be  used  to  measure  the  counter-E.M.F.  of  the  ton- 
gue  46.  For  this  purpose,  the  output  signal  provided 
by  the  amplifier  33  is  fed  between  the  vertices  47 

20  (junction  point  of  the  branches  40  and  41)  and  48 
(junction  point  of  the  branches  42  and  43).  Said  signal 
also  controls  the  tongue  46.  A  feedback  signal  which 
is  a  measure  of  the  counter-E.M.F.  of  the  tongue  46 
is  produced  between  the  other  vertices  49  and  50  of 

25  the  bridge  circuit.  Said  signal  is  fed  to  a  difference 
amplifier  which  corresponds  to  the  feedback  amplifi- 
er  36  of  Fig.  3  or  can  be  conceived  as  incorporated 
therein. 

The  component  Q  may  be  a  capacitor  because 
30  piezo-ceramic  tongues  are  capacitive  to  a  first  ap- 

proximation.  -  Preferably,  however,  a  piezoceramic 
tongue  similar  to  the  tongue  to  be  controlled  is  used 
as  component  Q.  The  tongue  used  as  component  Q 
is,  however,  fully  clamped,  with  the  result  that  it  can- 

35  not  yield  a  counter-E.M.F.  generated  by  movement. 
The  signal  present  between  the  vertices  49  and  50  is 
then  due  entirely  to  the  counter-E.M.F.  of  the  tongue 
46.  Since,  as  has  been  pointed  out,  the  tongues  are 
capacitive  and  the  other  branches  42,  43  of  the  bridge 

40  in  the  example  shown  contain  resistors  R,  the  output 
signal  of  the  bridge  is  proportional  to  the  differentiat- 
ed  input  signal  of  the  bridge.  The  feedback  signal  is 
therefore  proportional  to  the  velocity  of  movement  of 
the  tongue  46.  The  movement  of  a  tongue  can  be  con- 

45  trolled  very  well  with  such  a  feedback  signal,  while  a 
rapid  response  of  the  tongue  to  control  signals  is  nev- 
ertheless  guaranteed. 

It  is  pointed  out  that,  after  the  above  disclosure, 
various  modifications  are  obvious  to  the  person  skil- 

50  led  in  the  art.  Thus,  for  example,  the  resistors  R  in  the 
bridge  circuit  can  be  replaced  by  capacitors.  In  that 
case,  the  output  signal  of  the  bridge  is  not  proportion- 
al  to  the  velocity  of  movement  but  to  the  time  integral 
thereof,  namely  deviation  of  the  free  tongue  end.  This 

55  and  similar  modifications  are  considered  to  fall  within 
the  scope  of  the  invention. 

3 
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Claims 

1.  Slit  radiography  apparatus,  provided  with  an  ab- 
sorption  device  which  operates  in  conjunction 
with  a  slit  diaphragm  (2)  and  which  comprises  5 
electrically  controllable  piezoelectric  tongues 
(8,11,35),  and  also  with  a  control  device  (10) 
which  provides  electrical  control  signals  for  the 
tongues,  characterized  by  a  damping  device 
which  receives  the  control  signals  for  the  tongues  10 
and  which  comprises  for  each  tongue  (35)  an 
E.M.F.  measuring  circuit  (34)  which  interacts  with 
it  and  which  provides,  during  operation,  an  output 
signal  which  represents  the  counter-E.M.F.  gen- 
erated  by  a  tongue  (35),  which  output  signal  is  15 
combined  with  the  control  signal  for  the  tongue 
concerned. 

2.  Apparatus  according  to  Claim  1  ,  characterized  in 
that  the  damping  device  for  each  tongue  (35)  20 
comprises  a  control  circuit  having  an  input  (31)  for 
the  control  signal  for  the  tongue  concerned,  and 
a  feedback  point  (32)  to  which  the  output  signal 
from  the  E.M.F.  measuring  circuit  is  fed  with  neg- 
ative  sign  via  a  feedback  amplifier  (36),  and  hav-  25 
ing  an  amplifier  (33)  which  feeds  the  output  signal 
from  the  feedback  point  to  the  input  of  the  E.M.F. 
measuring  circuit  (34),  and  in  that  the  measuring 
circuit  (34)  also  provides  the  damped  control  sig- 
nal  for  the  tongue  (35).  30 

3.  Apparatus  according  to  Claim  1  or  2,  character- 
ized  in  that  the  E.M.F.  measuring  circuit  compris- 
es  a  bridge  circuit  having  two  parallel  sets,  con- 
nected  between  two  input  terminals  (47,48),  of  35 
two  bridge  branches  each  connected  in  series  via 
an  output  junction  point  (49,50),  the  one  set  of 
bridge  branches  having  a  first  bridge  branch  (Q) 
which  comprises  a  component  representing  the 
electrical  behaviour  of  a  piezoelectric  tongue  and  40 
a  second  bridge  branch  which  contains  a  resistor 
(R)  and  the  second  set  of  bridge  branches  com- 
prising  a  third  bridge  branch  which  contains  the 
tongue  (46)  to  be  controlled,  and  a  fourth  branch 
which  contains  a  resistor(R).  45 

4.  Apparatus  according  to  Claim  3,  characterized  in 
that  the  component  (Q)  representing  the  electri- 
cal  behaviour  of  a  piezoelectric  tongue  is  a  ca- 
pacitor.  50 

5.  Apparatus  according  to  Claim  3,  characterized  in 
that  the  component  (Q)  representing  the  electri- 
cal  behaviour  of  a  piezoelectric  tongue  is  a  sta- 
tionary  clamped  piezoelectric  tongue.  55 

6.  Apparatus  according  to  one  of  Claims  3  to  5  in- 
clusive,  characterized  in  that  the  second  and 

fourth  bridge  branches  contain  a  capacitor  in- 
stead  of  a  resistor. 

Patentanspruche 

1.  Schlitzradiographiegerat  versehen  mit  einer  Ab- 
sorptionsvorrichtung,  die  in  Verbindung  mit  einer 
Schlitzblende  (2)  arbeitet  und  die  elektrisch  steu- 
erbare  Piezo-Zungen  (8,  11,  35)  umfalit,  und  fer- 
ner  mit  einer  Steuerungsvorrichtung  (10)  welche 
elektrische  Steuersignale  fur  die  Zungen  liefert, 
dadurch  gekennzeichnet,  dali  eine  Dampfungs- 
vorrichtung,  welche  die  Steuersignale  fur  die 
Zungen  empfangt  und  fur  jede  Zunge  (35)  einen 
Meli-Kreis  (34)  fur  elektromotorische  Kraft 
(E.M.K.)  enthalt,  der  mit  ihr  in  Wechselwirkung 
steht  und  wahrend  des  Betriebes  ein  Ausgangs- 
signal  liefert,  welches  die  elektromotorische  Ge- 
genkraft  darstellt,  die  von  einer  Zunge  (35)  er- 
zeugt  wurde,  welches  Ausgangssignal  mit  dem 
Steuersignal  fur  die  betreffende  Zunge  kombi- 
niert  wird. 

2.  Gerat  nach  Anspruch  1,  dadurch  gekennzeich- 
net,  dali  die  Dampf  ungsvorrichtung  fur  jede  Zun- 
ge  (35)  einen  Regelkreis  aufweist  mit  einem  Ein- 
gang  (31)furdas  Steuersignal  furdie  betreffende 
Zunge  und  mit  einem  Ruckkopplungspunkt  (32), 
in  welchen  das  Ausgangssignal  des  E.M.K.-Meli- 
Kreises  (34)  eingespeist  wird  mit  negativem  Vor- 
zeichen  uber  einen  ruckgekoppelten  Verstarker 
(36),  mit  einem  Verstarker  (33),  der  das  Aus- 
gangssignal  vom  Ruckkopplungspunkt  in  den 
Eingang  des  E.M.K.-Meli-Kreises  (34)  einspeist, 
und  dali  der  Meli-Kreis  (34)  auch  das  gedampfte 
Steuersignal  fur  die  Zunge  (35)  liefert. 

3.  Gerat  nach  Anspruch  1  oder  2,  dadurch  gekenn- 
zeichnet,  dali  der  E.M.K.-Meli-Kreis  (34)  eine 
Bruckenschaltung  mit  zwei  parallelen  Sets  auf- 
weist,  die  zwischen  zwei  Eingangsanschlussen 
(47,  48)  angeschlossen  sind,  von  denen  jeder  der 
zwei  Bruckenzweige  uber  einen  Verbindungs- 
punkt  (49,  50)  in  Reihe  geschaltet  ist,  wobei  ein 
erstes  Set  von  Bruckenzweigen  einen  ersten 
Bruckenzweig  (Q),  der  eine  Baugruppe  besitzt, 
die  das  elektrische  Verhalten  einer  piezoelektri- 
schen  Zunge  darstellt,  und  einen  zweiten 
Bruckenzweig,  der  einen  Widerstand  (R)  enthalt, 
und  ein  zweites  Set  von  Bruckenzweigen  einen 
dritten  Bruckenzweig,  der  die  anzusteuernde 
Zunge  (46)  enthalt,  und  einen  vierten  Zweig,  der 
einen  Widerstand  (R)  enthalt,  aufweist. 

4.  Gerat  nach  Anspruch  3,  dadurch  gekennzeich- 
net,  dali  die  Baugruppe  (Q),  die  das  elektrische 
Verhalten  einer  piezoelektrischen  Zunge  dar- 
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stellt,  ein  Kondensator  ist. 

5.  Gerat  nach  Anspruch  3,  dadurch  gekennzeich- 
net,  dali  die  Baugruppe  (Q),  die  das  elektrische 
Verhalten  einer  piezoelektrischen  Zunge  dar-  5 
stellt,  eine  stationar  eingespannte  piezoelektri- 
sche  Zunge  ist. 

6.  Gerat  nach  einem  der  Anspruche  3  bis  5,  dadurch 
gekennzeichnet,  dali  die  zweiten  und  vierten  10 
Bruckenzweige  einen  Kondensator  an  Stelle  ei- 
nes  Widerstands  aufweisen. 

Revendications  15 

1  .  Appareil  de  radiographie  a  fente,  equipe  d'un  dis- 
positif  d'absorption  qui  fonctionne  en  liaison  avec 
un  diaphragme  a  fente  (2)  et  qui  comprend  des 
languettes  piezoelectriques  (8,11,35)  comman-  20 
dables  electriquement  et  egalement  un  dispositif 
de  commande  (10)  qui  delivre  des  signaux  de 
commande  electriques  pour  les  languettes,  ca- 
racterise  par  un  dispositif  d'amortissement,  qui 
recoit  les  signaux  de  commande  pour  les  Ian-  25 
guettes  et  qui  comprend,  pour  chaque  languette 
(35)  ,  un  circuit  (34)  de  mesure  de  la  force  electro- 
motrice,  qui  coopere  avec  cette  languette  et  four- 
nit,  pendant  le  fonctionnement,  un  signal  de  sor- 
tie  qui  represents  la  force  contre-electromotrice  30 
produite  par  une  languette  (35),  lequel  signal  de 
sortie  est  combine  au  signal  de  commande  pour 
la  languette  concernee. 

2.  Dispositif  selon  la  revendication  1  ,  caracterise  en  35 
ce  que  le  dispositif  d'amortissement  pour  chaque 
languette  (35)  comprend  un  circuit  de  commande 
possedant  une  entree  (31)  pour  le  signal  de 
commande  pour  la  languette  concernee,  et  un 
point  de  reaction  (32),  auquel  le  signal  de  sortie  40 
delivre  par  le  circuit  de  mesure  de  la  force  elec- 
tromotrice  est  envoye  avec  un  signe  negatif  par 
I'intermediaire  d'un  amplificateur  de  reaction 
(36)  ,  et  possedant  un  amplificateur  (33),  qui  en- 
voie  le  signal  de  sortie  delivre  par  le  point  de  reac-  45 
tion  a  I'entree  du  circuit  (34)  de  mesure  de  la  force 
electromotrice,  et  en  ce  que  le  circuit  de  mesure 
(34)  delivre  egalement  un  signal  de  commande 
amorti  pour  la  languette  (35). 

50 
3.  Dispositif  selon  la  revendication  1  ou  2,  caracte- 

rise  en  ce  que  le  circuit  de  mesure  de  la  force 
electromotrice  comprend  un  circuit  en  pont 
comportant  deux  ensembles  paralleles,  bran- 
ches  entre  deux  bornes  d'entree  (47,48),  de  55 
branches  du  pont,  qui  sont  raccordees  chacune 
en  serie  par  I'intermediaire  d'un  point  de  jonction 
de  sortie  (49,50),  un  ensemble  de  branches  du 

pont  possedant  une  premiere  branche  (Q)  du 
pont,qui  comprend  un  composant  representant  le 
comportement  electrique  d'une  languette  pie- 
zoelectrique,  et  une  seconde  branche  du  pont, 
qui  contient  une  resistance  (R),  et  le  second  en- 
semble  de  branches  du  pont  comprenant  une 
troisieme  branche  du  pont,  qui  contient  la  lan- 
guette  (46)  devant  etre  commandee,  et  une  qua- 
trieme  branche  qui  contient  une  resistance  (R). 

4.  Dispositif  selon  la  revendication  3,  caracterise  en 
ce  que  le  composant  (Q)  representant  le  compor- 
tement  electrique  d'une  languette  piezoelectri- 
que  est  un  condensateur. 

5.  Dispositif  selon  la  revendication  3,  caracterise  en 
ce  que  le  composant  (Q)  representant  le  compor- 
tement  electrique  d'une  languette  piezoelectri- 
que  est  une  languette  piezoelectrique  serree  de 
facon  fixe. 

6.  Dispositif  selon  I'une  des  revendications  3  a  5  in- 
clusivement,  caracterise  en  ce  que  les  seconde 
et  quatrieme  branches  du  pont  contiennent  un 
condensateur  a  la  place  d'une  resistance. 
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