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Description 

This  invention  relates  generally  to  apparatus  for  position  measurement.  In  particular,  this  invention  relates 
to  interface  circuits  used  with  electromagnetic  position  transducers. 

5  Position  transducers  which  are  of  interest  herein  include  resolvers  and  slider  and  scale  systems  producing 
AC  output  signals  in  response  to  AC  excitation  signals  wherein  a  phase  shift  between  the  excitation  signals 
and  the  output  signals  is  introduced  by  the  relative  position  of  a  transducer  armature  and  stator.  The  position 
of  the  armature  relative  to  the  stator  is  measured  by  detecting  this  phase  difference.  Two  alternative  methods 
are  known  for  detecting  the  phase  difference:  a  phase  discrimination  technique  wherein  the  excitation  signals 

10  are  applied  to  pairs  of  windings  arranged  in  quadrature,  and  the  position  induced  phase  shift  is  detected  by 
phase  comparison  of  the  output  signal  with  a  reference  from  which  the  excitation  signals  are  derived;  and,  an 
amplitude  technique  wherein  the  output  signals  are  produced  by  the  quadrature  windings  and  the  position  in- 
duced  phase  shift  is  detected  from  the  ratio  of  the  instantaneous  magnitudes  of  the  output  signals. 

It  is  known  from  US-A-4270077  to  apply  an  excitation  voltage  to  a  resolver  comprising  a  signal  having  a 
15  DC  level  of  zero  volts  and  varying  symmetrically  positive  and  negative  with  respect  to  the  zero  volt  level,  by 

the  use  of  an  excitation  amplifier  which  shifts  the  DC  level  of  the  voltage  to  ground  potential.  Specifically,  a 
square-shaped  waveform  is  applied  to  a  power  driver  circuit,  the  output  of  which  is  utilised  as  an  input  to  an 
operational  amplifier  integrator  which  functions  to  remove  any  DC  componentfrom  the  output  waveform  caus- 
ing  the  output  waveform  to  vary  symmetrically  about  zero  potential. 

20  However  this  reference  does  not  address  the  problem  of  reducing  the  effective  coupling  capacitance  where 
the  conducting  cables  of  the  excitation  and  output  signals  are  proximate  one  to  the  other. 

Fig.  1a  illustrates  an  arrangement  used  with  the  amplitude  technique  employing  a  resolver  to  measure  pos- 
ition  of  a  moveable  member  of,  for  example,  machine  tools,  robots  or  other  position  controlled  equipment.  The 
resolver  10  includes  a  rotor  12  having  an  armature  coil  14,  and  a  stator  having  stator  coils  16  and  18.  The  rotor 

25  12  is  rotated  relative  to  the  stator  by,  for  example,  a  motor  28.  The  transducer  10  is  located  remotely  from  a 
control  device  20  wherein  a  drive  amplifier  22  produces  an  AC  excitation  signal  applied  to  the  armature  coil 
14.  Output  signals  appearing  at  the  stator  coils  16  and  18  are  returned  to  differential  amplifiers  24  and  26  lo- 
cated  in  control  20.  As  shown,  the  return  side  of  the  drive  amplifier  output  is  grounded  and  the  receiving  am- 
plifiers  24  and  26  present  unmatched  impedances  to  the  signal  and  return  paths  because  of  the  input  resistor 

30  networks.  Conducting  cables  30,  32,  and  34,  typically  twisted  pairs,  provide  connection  of  excitation  and  output 
signals  between  the  interface  circuits  of  control  20  and  the  resolver  10. 

Fig.  1b  illustrates  an  arrangement  used  with  the  phase  discrimination  technique  employing  a  resolver  to 
measure  position  of  a  moveable  member.  In  this  arrangement  excitation  signals  are  produced  by  drive  ampli- 
fiers  23  and  25  and  applied  to  the  resolver  stator  coils  1  7  and  1  9.  An  output  signal  appears  at  resolver  armature 

35  coil  13  and  is  returned  to  differential  amplifier  21  in  control  19.  The  excitation  signals  are  derived  from  a  single 
reference  signal  and  are  phased  displaced  one  from  the  other  by  nil  radians. 

Fig.  2  illustrates  capacitive  coupling  between  an  excitation  signal  cable  and  an  output  signal  cable  which 
will  exist  as  a  result  of  proximity  of  the  conducting  cables  30,  32  and  34  of  Fig.  la  or  cables  29,  36  and  38  of 
Fig.  1b.  In  Fig.  2  capacitors  C1,  C2,  C3,  and  C4  represent  lumped  values  of  the  coupling  capacitances  distrib- 

40  uted  over  the  lengths  of  the  conducting  cables;  source  SD  represents  the  source  of  excitation  signals;  and, 
load  LD  represents  the  load  impedance  presented  to  an  output  signal.  Inductive  coupling  of  the  rotor  and  stator 
windings  is  intentionally  omitted  to  simplify  the  analysis  of  the  capacitive  coupling  in  the  conducting  cables. 
It  will  be  appreciated  from  Fig.  2  that  by  virtue  of  the  grounded  return  paths  only  capacitance  C1  contributes 
an  error  component  to  the  output  signal  appearing  across  the  load. 

45  The  voltage  error  component  in  the  output  signals  arising  from  capacitive  coupling  as  shown  in  Fig.  2  has 
a  magnitude  equal  to  the  excitation  signal  magnitude  and  is  phase  displaced  nil  radians  therefrom.  The  current 
due  to  this  error  component  is  added  algebraically  to  the  output  signal  current  magnitude,  resulting  in  a  position 
error  repeated  over  the  range  of  position  measured  by  the  resolver.  Such  errors  are  referred  to  as  "cyclic  errors." 
It  is  common  practice  to  provide  individual  shields  for  each  conducting  cable,  such  as  shields  31,  33,  and  35 

50  to  reduce  or  eliminate  capacitive  coupling  between  the  excitation  and  output  signal  cables.  The  cost  of  such 
shielding  significantly  increases  the  material  and  labor  costs  associated  with  the  installation  of  such  cables. 

It  is  an  object  of  the  present  invention  to  provide  apparatus  for  position  measurement  by  electromagnetic 
position  transducers  having  inherent  elimination  and  reduction  of  capacitively  coupled  signals  between  exci- 
tation  and  output  signal  conducting  cables. 

55  it  is  a  further  object  of  the  present  invention  to  provide  apparatus  for  position  measurement  by  electro- 
magnetic  position  transducers  having  excitation  signals  which  are  symmetrical  with  respect  to  ground,  thereby 
providing  inherent  reduction  of  a  first  mode  of  capacitively  coupled  signals  between  excitation  and  output  signal 
conducting  cables. 
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It  is  a  further  object  of  the  present  invention  to  provide  apparatus  for  position  measurement  by  electro- 
magnetic  position  transducers  having  balanced  signal  and  return  paths  for  the  output  signals  thereby  providing 
inherent  reduction  of  a  second  mode  of  capacitively  coupled  signals  between  the  excitation  and  output  signal 
conducting  cables. 

5  Other  objects  and  advantages  of  the  present  invention  shall  become  apparent  from  the  accompanying 
drawings  and  the  following  description  thereof. 

In  accordance  with  the  aforesaid  objects  the  present  invention  provides  an  excitation  signal  source  for  use 
with  electromagnetic  position  transducers  producing  an  AC  excitation  signal  symmetrical  with  respect  to 
ground.  A  first  AC  signal  is  inverted  to  produce  a  second  AC  signal  and  the  excitation  signal  is  taken  as  the 

10  difference  between  the  first  and  second  AC  signals.  Further  in  accordance  with  the  aforesaid  objects,  a  re- 
ceiver  for  use  with  electromagnetic  position  transducers  is  provided  having  matched  impedances  for  signal 
and  return  lines  of  an  output  signal. 

Figs.  1a  and  1  b  illustrate  prior  art  circuits  for  position  measurement  using  a  resolver. 
Fig  2  illustrates  capacitive  coupling  between  excitation  and  output  signal  conducting  cables. 

15  Fig.  3  illustrates  circuits  of  the  present  invention  as  applied  to  a  resolver. 
Figs.  4a,  4b  and  4c  are  equivalent  circuits  illustrating  the  effects  of  the  circuits  of  Fig.  3  on  the  capacitive 

coupling  illustrated  by  Fig.  2. 
Fig  5  illustrates  circuits  of  the  present  invention  as  applied  to  a  slider  and  scale  system. 
To  illustrate  the  invention,  electromagnetic  position  transducer  interface  circuits  of  a  motor  control  device 

20  developed  for  Cincinnati  Milacron  Inc.,  the  assignee  of  the  present  invention  shall  be  described  in  detail.  While 
the  interface  circuits  to  be  described  constitute  a  preferred  embodiment,  it  is  not  the  intention  of  applicants  to 
limit  the  scope  of  the  invention  to  the  details  thereof. 

Referring  to  Fig.  3,  a  resolver  40,  mechanically  coupled  to  motor  50,  is  shown  remotely  located  from  motor 
controller  60.  None  of  the  details  of  motor  controller  60  pertaining  to  control  of  motor  50  are  pertinent  to  the 

25  present  invention  and  these  details  shall  not  be  described  herein.  Motor  50,  under  control  of  controller  60,  ef- 
fects  rotation  of  rotor  42  relative  to  a  resolver  stator.  Stator  coils  46  and  48  are  fixed  relative  to  the  resolver 
stator  and  produce  AC  output  signals  in  response  to  an  AC  excitation  signal  impressed  on  rotor  coil  44.  The 
output  signals  F1  and  F2  are  expressed  as  functions  of  the  excitation  signal  and  the  relative  angular  position 
of  the  rotor  42  and  stator  as  follows: 

30  F1  =  E  *  sine(©)  *  sine(Wt) 
F2  =  E  *  cosine  (©)  *  sine(Wt) 

Where: 
E  =  magnitude  of  the  excitation  signal 
©  =  relative  angular  position  of  the  resolver  rotor  and  stator  in  radians 

35  W  =  the  frequency  of  the  excitation  signal  in  radians 
t  =  time 

Although  shown  directly  applied  to  the  rotor  coil  44,  the  excitation  signal  may  in  fact  be  inductively  coupled 
thereto  from  the  stator  in  brushless  resolvers.  In  either  case,  the  signal  and  return  paths  of  the  excitation  signal 
are  provided  by  twisted  pair  conductor  cable  52.  The  signal  and  return  paths  for  the  output  signals  F1  and  F2 

40  are  provided  in,  respectively,  twisted  pair  conductor  cables  54  and  56.  By  virtue  of  the  symmetrical  excitation 
signal  and  the  symmetrical  impedance  of  the  output  signal  receivers  provided  by  the  circuitry  of  the  present 
invention,  capacitive  coupling  between  the  excitation  and  output  signals  is  inherently  eliminated  and  all  of  the 
twisted  pair  conductor  cables  may  be  advantageously  enclosed  by  a  single  shield  58. 

Continuing  with  reference  to  Fig.  3,  it  is  seen  that  the  excitation  signal  V1  is  taken  across  the  outputs  of 
45  amplifiers  62  and  64.  Amplifier  62  receives  a  sinusoidal  AC  signal  S1  of  constant  frequency  W  derived  from 

a  square  wave.  The  output  of  amplifier  62  is  inverted  by  amplifier  64.  Series  inductors  66  and  68  are  provided 
to  reduce  the  possibility  of  high  frequency  oscillation  appearing  at  the  outputs  of  amplifiers  62  and  64  when 
connected  to  cables  presenting  relatively  high  capacitive  loads.  Gain  setting  resistors  R1  and  R2  are  of  equal 
value  within  a  moderately  close  tolerance  as  may  be  readily  achieved,  for  example,  using  1%  components. 

so  The  excitation  signal  V1  is  symmetrical  about  ground  due  to  the  inversion  of  the  output  of  amplifier  62  by  am- 
plifier  64. 

The  effect  of  providing  an  excitation  signal  symmetrical  with  respect  to  ground  in  combination  with  the  prior 
art  receiving  circuits  is  illustrated  by  the  equivalent  circuit  of  Fig.  4a.  With  the  return  path  grounded  at  the  re- 
ceiver,  the  signals  coupled  by  capacitances  C4  and  C3  do  not  appear  in  the  output  signal  and  these  capaci- 

55  tances  do  not  appear  in  the  equivalent  circuit.  The  remaining  capacitances  C1  and  C2  couple  the  excitation 
signal  to  the  output  signal  producing  an  error  component  having  a  magnitude  expressed  as  a  function  of  the 
excitation  signal  magnitude  as  follows: 

VCA  =  E  *  (C1  -  C2)/(C1  +  C2) 

3 
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Continuing  with  reference  to  Fig.  3,  output  signals  F1  and  F2  are  received  by  differential  amplifiers  70  and 
72  which  amplify  the  potential  difference  appearing  across  the  signal  and  return  paths  of  the  twisted  pair  con- 
ductor  cables  56  and  54.  The  use  of  differential  amplifiers  provides  high  rejection  of  noise  signals  common  to 
the  amplifier  inputs.  Gain  determining  components  R4,  R7,  and  R6,  R9  are  chosen  to  have  equal  values  within 

5  a  component  tolerance  of  0.1%  to  facilitate  analogue  to  digital  conversion  with  an  accuracy  of  12  binary  digits. 
Gain  determining  components  R8  and  R3  of  amplifier  70  and  resistors  R10  and  R5  of  amplifier  72  are  also 
chosen  to  be  equal  within  a  component  tolerance  of  0.1%. 

To  balance  the  apparent  impedances  presented  to  the  signal  and  return  paths  at  the  inputs  of  motor  con- 
troller  60,  impedance  matching  resistors  R11  and  R12  are  connected  between  the  return  path  input  and  ground 

10  at  respectively,  amplifier  70  and  amplifier  72.  The  resistor  R11  has  a  value  equal  to  half  the  product  of  the 
sum  of  the  values  of  resistors  R7  and  R8  multiplied  by  the  ratio  of  R7  to  R8  and  the  resistor  R12  has  a  value 
equal  to  half  the  product  of  the  sum  of  the  values  of  resistors  R9  and  R1  0  and  the  ratio  of  R9  to  R1  0. 

The  effect  of  providing  matched  impedances  to  the  signal  and  return  lines  in  combination  with  an  unsym- 
metrical  excitation  signal  of  the  prior  art  is  illustrated  by  the  equivalent  circuit  of  Fig.  4b.  In  this  circuit  one  side 

15  of  the  source  is  grounded.  The  contribution  to  the  error  component  of  the  output  signal  from  capacitances  C2 
and  C4  of  Fig.  2  is  therefor  null  and  these  capacitances  do  not  appear  in  the  equivalent  circuit.  The  magnitude 
of  the  error  component  of  the  output  signal  contributed  by  the  remaining  capacitances  C1  and  C3  is  expressed 
as  a  function  of  the  excitation  signal  magnitude  as  follows: 

VCB  =  E  *  (C1  -  C3)/(C1  +  C3) 
20  The  combined  effect  of  providing  an  excitation  signal  symmetrical  with  respect  to  ground  and  matched  im- 

pedances  of  the  signal  and  return  lines  at  the  output  signal  receivers  is  illustrated  by  the  equivalent  circuit  of 
Fig.  4c.  The  magnitude  of  the  error  component  of  the  output  signals  contributed  by  the  capacitive  coupling  is 
expressed  as  a  function  of  the  excitation  signal  magnitude  E  as  follows: 

Vcc  =  E  *  (C1  +  C4  -  C2  -  C3)/(C1  +  C2  +  C3  +  C4) 
25  From  the  equivalent  circuits  of  Figs.  4a,  4b,  and  4c  and  the  analysis  of  the  magnitude  of  the  error  compo- 

nent  associated  with  the  resultant  capacitive  coupling,  it  is  apparent  that  the  error  component  is  eliminated  in 
cases  where  C1  =  C2  =  C3  =  C4.  In  cases  where  these  capacitances  are  not  equal,  the  magnitude  of  the  error 
component  is  substantially  reduced,  permitting  the  elimination  of  the  individual  shields  intended  to  otherwise 
reduce  the  effects  of  capacitive  coupling  between  the  excitation  signal  and  output  signal  conducting  cables. 

30  It  is  also  apparent  that  substantial  reduction  of  the  error  component  magnitude  is  achieved  by  use  of  either  an 
excitation  signal  symmetrical  with  respect  to  ground  or  matched  impedances  in  the  signal  and  return  lines  of 
the  output  signal. 

Fig.  5  shows  the  use  of  a  symmetrical  excitation  signal  and  balanced  impedance  receivers  for  the  output 
signals  as  applied  to  a  slider  and  scale  measuring  system  80.  Ascale  excitation  signal  output  by  scale  amplifier 

35  88  is  applied  to  a  scale  82.  Scale  82  has  a  formed  conductor  defining  pole  segments  SP|  having  a  pitch  I.  Slider 
output  signals  are  induced  in  slider  formed  conductors  85  and  86  by  the  scale  excitation  signal.  The  slider 
formed  conductors  85  and  86  define  pole  segments  APS|  and  APQ  having  the  same  pitch  I  as  the  scale  pole 
segments.  The  slider  pole  segments  are  arranged  relative  to  one  another  so  as  to  be  spatially  separated  by 
I/4.  The  slider  output  signals  are  transmitted  to  line  amplifiers  89  proximate  the  slider  84  via  conducting  cables 

40  118  and  120.  Line  amplifiers  89  produce  AC  output  signals  which  are  transmitted  to  control  90  via  conducting 
cables  112  and  114.  An  excitation  signal  generated  at  control  90  is  transmitted  to  scale  amplifier  88  proximate 
the  scale  82  via  conducting  cable  110.  Scale  amplifier  88  produces  the  scale  excitation  signal  conducted  by 
cable  116  to  scale  82. 

Relative  position  of  the  slider  84  and  scale  82  may  be  determined  from  the  slider  output  signals  using  the 
45  amplitude  technique  described  for  use  with  resolvers.  Because  of  the  low  impedance  of  the  interface  between 

the  slider  and  scale  system  and  of  the  amplifiers  88  and  89,  capacitive  coupling  between  the  scale  excitation 
signal  and  the  slider  output  signals  does  not  generally  give  rise  to  an  appreciable  error  component  in  the  meas- 
ured  position.  Conversely,  the  interface  between  the  control  90  and  the  amplifiers  88  and  89  is  susceptible 
to  the  same  capacitive  effects  discussed  with  reference  to  Fig.  2.  Therefor,  the  use  of  an  excitation  signal  sym- 

50  metrical  with  respect  to  ground  and  matched  impedances  in  the  signal  and  return  lines  of  the  output  signals 
provide  the  same  advantages  as  previously  discussed  thereby  permitting  the  inclusion  of  cables  110,  112  and 
114  within  a  single  shield  130.  The  circuits  of  control  90  used  in  this  application  are  the  same  as  shown  in  Fig. 
3. 

The  features  disclosed  in  the  foregoing  description,  or  the  following  claims,  or  the  accompanying  drawings, 
55  expressed  in  their  specific  forms  or  in  the  terms  or  means  for  performing  the  desired  function,  or  a  method  or 

process  for  attaining  the  disclosed  result,  may,  separately  or  in  any  combination  of  such  features,  be  utilised 
for  realising  the  invention  in  diverse  forms  thereof. 
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Claims 

1  .  Apparatus  for  position  measurement  wherein  conducting  cables  (52,  54,  56)  convey  AC  excitation  signals 
and  AC  transducer  output  signals  between  an  electromagnetic  position  transducer  (40)  and  associated 

5  interface  circuits  (60)  remote  therefrom,  the  interface  circuits  including  excitation  signal  generating 
means  and  transducer  output  signal  receivers,  the  apparatus  characterised  by  signal  and  return  circuitry 
for  reducing  the  effective  coupling  capacitance  (C1  ,  C2,  C3,  C4)  between  conducting  cables,  said  circuitry 
comprising  excitation  signal  producing  means  including  amplifying  means  (62)  for  producing  a  first  AC 
signal,  means  (64)  for  inverting  the  first  AC  signal  to  produce  a  second  AC  signal  in  anti-phase  relative 

10  to  the  first  AC  signal,  the  excitation  signal  being  taken  as  the  potential  difference  between  the  first  AC 
signal  and  the  second  AC  signals. 

2.  The  apparatus  of  Claim  1  further  characterised  by  output  signal  receivers  comprising  signal  receiving 
means  (70,  R3,  R4,  R7,  R8,  R11  ;  72,  R5,  R6,  R9,  R1  0,  R12)  providing  signal  and  return  paths  forthe  trans- 

15  ducer  output  signals  (F1,  F2)  in  which  the  impedances  to  ground  of  the  signal  and  return  paths  are  equal. 

3.  Apparatus  for  position  measurement  wherein  conducting  cables  (52,  50)convey  AC  excitation  signals  and 
AC  transducer  output  signals  between  an  electromagnetic  position  transducer  (40)  and  associated  inter- 
face  circuits  (60)  remote  therefrom,  the  interface  circuits  including  excitation  signal  generating  means  and 

20  transducer  output  signal  receivers,  the  apparatus  characterised  by  signal  and  return  circuitry  for  reducing 
the  effective  coupling  capacitance  (C1,  C2,  C3,  C4)  between  conducting  cables,  said  circuitry  comprising 
transducer  output  signal  receiving  means  (70,  R3,  R4,  R7,  R8,  R11;  72,  R5,  R6,  R9,  R10,  R12)  providing 
signal  and  return  paths  for  the  transducer  output  signals  (F1,  F2)  in  which  the  impedances  to  ground  of 
the  signal  and  return  paths  are  equal. 

25 
4.  The  apparatus  of  Claim  3  further  characterised  by  excitation  signal  producing  means  comprising  a  first 

amplifying  means  (62)  for  producing  a  first  AC  signal  and  second  amplifying  means  (64)  for  inverting  the 
first  AC  signal  to  produce  a  second  AC  signal  anti-phase  relative  to  the  first  AC  signal,  the  excitation  signal 
being  taken  as  the  potential  difference  between  the  first  and  second  AC  signals. 

30 
5.  Apparatus  according  to  any  one  of  the  preceding  claims  further  characterised  in  that  the  transducer  is  a 

resolver  having  a  rotor  (42)  with  rotor  coil  (44)  and  stator  windings  (46,  48)  for  resolving  AC  excitation  sig- 
nals  into  a  first  AC  output  signal  of  the  form  E*sin(©)*sin(Wt)  and  a  second  AC  output  signal  having  the 
form  E*cos(©)*sin  (Wt)  where  E  represents  the  magnitude  of  the  excitation  signal,  ©  represents  the  rel- 

35  ative  angular  position  of  the  stator  and  armature,  W  represents  frequency  of  the  excitation  signal  and  t 
represents  time. 

Patentanspruche 
40 

1.  Vorrichtung  zur  Positionsmessung,  wobei  leitende  Kabel  (52,  54,  56)  Wechselspannungs-Erregungssignale 
und  Wechselspannungs-Wandlerausgangssignale  zwischen  einem  elektromagnetischen  Positionswand- 
ler  (40)  und  zugehorigen  Schnittstellenschaltkreisen  (60),  die  von  diesem  entfernt  sind,  f  uhren,  wobei  die 
Schnittstellenschaltkreise  Mittel  zum  Erzeugen  eines  Erregungssignals  und  Empfangerzum  Aufnehmen 

45  der  Ausgangssignale  des  Wandlers  aufweisen,  wobei  die  Vorrichtung  charakterisiert  ist  durch  eine  Ver- 
schaltung  des  Signals  und  des  Ruckflusses  zum  Reduzieren  der  effektiven  Kopplungskapazitat  (C1,  C2, 
C32,  C4)  zwischen  den  leitenden  Kabeln,  wobei  die  Schaltung  Mittel  zum  Erzeugen  des  Erregungssignals 
mit  einem  Verstarker  (62)  zum  Erzeugen  eines  ersten  Wechselspannungssignals,  Mittel  (64)  zum  Inver- 
tieren  des  ersten  Wechselspannungs-Signals  zum  Erzeugen  eines  zweiten  Wechselspannungs-Signals 

so  in  Gegenphase  relativ  zu  dem  ersten  Wechselspannungs-Signal  aufweist  und  das  Erregungssignal  als 
die  Potentialdifferenz  zwischen  dem  ersten  Wechselspannungs-Signal  und  dem  zweiten 
Wechselspannungs-Signal  genommen  wird. 

2.  Die  Vorrichtung  von  Anspruch  1,  weitergekennzeichnet  durch  Empfangerfurdas  Ausgangssignal  mitSi- 
55  gnalempfangsmitteln  (70,  R3,  R4,  R7,  R8,  R11;  72,  R5,  R6,  R9,  R10,  R12),  die  einen  Signal-  und  Ruck- 

f  luliweg  fur  die  Ausgangssignale  (F1  ,  F2)  des  Wandlers  bilden,  bei  denen  die  Impedanz  des  Signal-  und 
Ruckfluftweges  zur  Masse  gleich  sind. 
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3.  Vorrichtung  zur  Positionsmessung,  wobei  leitende  Kabel  (52,  50)  Wechselspannungs-Erregungssignale 
und  Wechselspannungs-Wandlerausgangssignale  zwischen  einem  elektromagnetischen  Positionswand- 
ler(40)  und  zugehorigen  Schnittstellenschaltungen  (60),  die  von  diesementfernt  sind,  fuhren,  die  Schnitt- 
stellenschaltungen  Mittel  zum  Erzeugen  eines  Erregungssignals  und  Empfanger  zum  Empfangen  eines 

5  Wandlerausgangs-Signals  aufweisen,  und  die  Vorrichtung  gekennzeichnet  ist  durch  eine  Signal-  und 
Ruckf  luliverschaltung  zum  Verringern  dereffektiven  Kopplungskapazitat  (C1,  C2,  C2,  C4)  zwischen  den 
leitenden  Kabeln,  wobei  die  Verschaltung  Empfangsmittel  (70,  R3,  R4,  R7,  R8,  R11  ;  72,  R5,  R6,  R9,  R10, 
R12)  fur  das  Wandlerausgangs-Signal  aufweist,  das  Signal-und  Ruckfuhrungswege  fur  die  Wandleraus- 
gangs-Signale  (F1,  F2)  schafft,  bei  denen  die  Impedanzen  des  Signalwegs  und  des  Ruckfluliweges  zur 

10  Masse  gleich  sind. 

4.  Die  Vorrichtung  nach  Anspruch  3,  dadurch  gekennzeichnet,  dali  das  das  Erregungssignal  erzeugende  Mittel 
einen  ersten  Verstarker  (62)  zum  Erzeugen  eines  ersten  Wechselspannungs-Signals  und  einen  zweiten  Ver- 
starker  (64)  zum  Invertieren  des  ersten  Wechselspannungs-Signals  zum  Erzeugen  eines  zweiten 

15  Wechselspannungs-Signals,  das  gegenuber  dem  ersten  Wechselspannungs-Signal  gegenphasig  ist,  auf- 
weist,  wobei  das  Erregungssignal  als  die  Potentialdifferenz  zwischen  dem  ersten  Wechselspannungs- 
Signal  und  dem  zweiten  Wechselspannungs-Signal  genommen  wird. 

5.  Vorrichtung  nach  einem  der  vorangehenden  Anspruche,  weiterdadurch  gekennzeichnet,  dali  der  Wandler 
20  ein  Drehmelder  mit  einem  Rotor  (42)  mit  einer  Rotorspule  (44)  und  Statorwicklungen  (46,  48)  zum  Auflo- 

sen  von  Wechselspannungs-Erregungssignale  in  ein  erstes  Wechselspannungs-Ausgangssignal  in  der 
Form  E  *  sin  (9  *  sin  (Wt)  und  ein  zweites  Wechselspannungs-Ausgangssignal  in  der  Form  E  *  cos  (9)  * 
sin  (Wt)  ist,  wobei  E  die  Grolie  des  Erregungssignals,  9  die  relative  Winkelposition  des  Stators  und  des 
Ankers,  W  die  Frequenz  des  Erregungssignals  und  t  die  Zeit  angibt. 

25 

Revendications 

1.  Appareil  destine  a  la  mesure  de  position,  dans  lequel  des  cables  conducteurs  (52,  54,  56)  acheminent 
30  des  signaux  d'excitation  CAet  des  signaux  de  sortie  de  transducteur  CAentre  un  transducteur  de  position 

electromagnetique  (40)  etdes  circuits  d'interface  associes  (60)  eloignes  de  celui-ci,  les  circuits  d'interface 
comprenant  des  moyens  de  production  de  signaux  d'excitation  et  des  recepteurs  de  signaux  de  sortie  de 
transducteur,  I'appareil  est  caracterise  par  des  circuits  de  signaux  et  de  retour  pour  reduire  la  capacitance 
de  cou  plage  effective  (C1  ,  C2,  C3,  C4)  entre  des  cables  conducteurs,  les  circuits  comprenant  des  moyens 

35  de  production  de  signaux  d'excitation  incorporant  des  moyens  d'amplif  ication  (62)  pour  produire  un  pre- 
mier  signal  CA,  des  moyens  64  pour  inverser  le  premier  signal  CA  et  produire  un  second  signal  CA  en 
antiphase  par  rapport  au  premier  signal  CA,  le  signal  excitation  etant  pris  comme  difference  de  potentiel 
entre  le  premier  signal  CAet  le  second  signal  CA. 

40  2.  Appareil  selon  la  revendication  1  ,  caracterise  de  plus  par  des  recepteurs  de  signaux  de  sortie  comprenant 
des  moyens  de  reception  de  signaux  (70,  R3,  R4,  R7,  R8,  R11  ;  72,  R5,  R6,  R9,  R10,  R12)  fournissant 
des  pistes  de  signaux  et  de  retour  pour  les  signaux  de  sortie  de  transducteur  (F1  ,  F2)  dans  lesquelles  les 
impedances  a  la  terre  des  pistes  de  signaux  et  de  retour  sont  egales. 

45  3.  Appareil  destine  a  la  mesure  de  position,  dans  lequel  les  cables  conducteurs  (52,  50)  acheminent  des 
signaux  d'excitation  CA  et  des  signaux  de  sortie  de  transducteur  CA  entre  un  transducteur  de  position 
electromagnetique  (40)  etdes  circuits  d'interface  associes  (60)  eloignes  de  celui-ci,  les  circuits  d'interface 
comprenant  des  moyens  de  production  de  signaux  d'excitation  et  des  recepteurs  de  signaux  de  sortie  de 
transducteur,  I'appareil  est  caracterise  par  des  circuits  de  signaux  et  de  retour  pour  reduire  la  capacitance 

so  de  couplage  effective  (C1  ,  C2,  C3,  C4)  entre  des  cables  conducteurs,  les  circuits  comprenant  des  moyens 
de  reception  de  signaux  de  sortie  de  transducteur  (70,  R3,  R4,  R7,  R8,  R11  ;  72,  R5,  R6,  R9,  R10,  R12) 
fournissant  des  pistes  de  signaux  et  de  retour  pour  les  signaux  de  sortie  de  transducteur  (F1,  F2)  dans 
lesquelles  les  impedances  a  la  terre  des  pistes  de  signaux  et  de  retour  sont  egales. 

55  4.  Appareil  selon  la  revendication  3,  caracterise  de  plus  par  des  moyens  de  production  de  signaux  d'exci- 
tation  comprenant  un  premier  moyen  d'amplif  ication  (62)  pour  produire  un  premier  signal  CAet  des  se- 
conds  moyens  d'amplif  ication  (64)  pour  inverser  le  premier  signal  CAet  produire  un  second  signal  CAen 
antiphase  par  rapport  au  premier  signal  CA,  le  signal  d'excitation  etant  pris  comme  difference  de  potentiel 
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entre  les  premier  et  second  signaux  CA. 

Appareil  selon  I'une  quelconque  des  revendications  precedentes,  caracterise  de  plus  en  ce  que  le  trans- 
ducteur  est  un  decomposeur  ou  resolveur  ayant  un  rotor  (42)  avec  une  bobine  de  rotor  (44)  et  des  enrou- 
lements  de  rotor  (46,  48)  pour  resoudre  les  signaux  d'excitation  CAen  un  premier  signal  de  sortie  CAde 
la  forme  E*sin(©)*sin(Wt)  et  en  un  second  signal  de  sortie  CAde  la  forme  E*cos(©)*sin(Wt)  ou  E  repre- 
sente  la  grandeur  du  signal  d'excitation,  ©  represents  la  position  angulaire  relative  du  stator  et  de  I'induit, 
W  represente  la  frequence  du  signal  d'excitation  et  t  represente  le  temps. 
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