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©  Interface  circuits  for  electromagnetic  position 
transducers  are  provided  to  reduce  the  effects  of 
capacitive  coupling  occurring  in  the  conductive  ca- 
bling  between  the  position  transducers  and  the  asso- 
ciated  interfaces  located  remotely  therefrom.  Capaci- 
tive  coupling  of  excitation  signals  to  the  transducer 
output  signals  result  in  error  signals  appearing  as 
cyclic  error  in  measured  positions.  The  magnitude  of 
the  coupled  signals  are  substantially  reduced  by 
providing  excitation  signals  symmetrical  with  respect 
to  ground.  The  magnitude  of  the  coupled  signals  are 
also  reduced  by  presenting  equal  impedances  rela- 
tive  to  ground  to  the  output  signal  return  and  signal 
paths.  By  reducing  the  effects  of  capacitively  coup- 
led  signals,  conducting  cables  for  the  excitation  sig- 
nals  and  the  transducer  output  signals  may  be  incor- 
porated  in  a  single  shielded  cable. 
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This  invention  relates  generally  to  apparatus  for 
position  measurement.  In  particular,  this  invention 
relates  to  interface  circuits  used  with  electromag- 
netic  position  transducers. 

Position  transducers  which  are  of  interest  here- 
in  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  sig- 
nals  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  induced  phase  shift  is 
detected  from  the  ratio  of  the  instantaneous  mag- 
nitudes  of  the  output  signals. 

Fig.  1a  illustrates  an  arrangement  used  with  the 
amplitude  technique  employing  a  resolver  to  mea- 
sure  position  of  a  moveable  member  of,  for  exam- 
ple,  machine  tools,  robots  or  other  position  con- 
trolled  equipment.  The  resolver  10  includes  a  rotor 
12  having  an  armature  coil  14,  and  a  stator  having 
stator  coils  16  and  18.  The  rotor  12  is  rotated 
relative  to  the  stator  by,  for  example,  a  motor  28. 
The  transducer  10  is  located  remotely  from  a  con- 
trol  device  20  wherein  a  drive  amplifier  22  pro- 
duces  an  AC  excitation  signal  applied  to  the  ar- 
mature  coil  14.  Output  signals  appearing  at  the 
stator  coils  16  and  18  are  returned  to  differential 
amplifiers  24  and  26  located  in  control  20.  As 
shown,  the  return  side  of  the  drive  amplifier  output 
is  grounded  and  the  receiving  amplifiers  24  and  26 
present  unmatched  impedances  to  the  signal  and 
return  paths  because  of  the  input  resistor  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  re- 
solver  to  measure  position  of  a  moveable  member. 
In  this  arrangement  excitation  signals  are  produced 
by  drive  amplifiers  23  and  25  and  applied  to  the 
resolver  stator  coils  17  and  19.  An  output  signal 
appears  at  resolver  armature  coil  13  and  is  re- 
turned  to  differential  amplifier  21  in  control  19.  The 
excitation  signals  are  derived  from  a  single  refer- 
ence  signal  and  are  phased  displaced  one  from  the 
other  by  W2  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  Figs.  1a  and 
1b.  In  Fig.  2  capacitors  C1,  C2,  C3,  and  C4  repre- 

5  sent  lumped  values  of  the  coupling  capacitances 
distributed  over  the  lengths  of  the  conducting  ca- 
bles;  source  SD  represents  the  source  of  excitation 
signals;  and,  load  LD  represents  the  load  imped- 
ance  presented  to  an  output  signal.  Inductive  cou- 

io  pling  of  the  rotor  and  stator  windings  is  intentionally 
omitted  to  simplify  the  analysis  of  the  capacitive 
coupling  in  the  conducting  cables.  It  will  be  appre- 
ciated  from  Fig.  2  that  by  virtue  of  the  grounded 
return  paths  only  capacitance  C1  contributes  an 

75  error  component  to  the  output  signal  appearing 
across  the  load. 

The  voltage  error  component  in  the  output  sig- 
nals  arising  from  capacitive  coupling  as  shown  in 
Fig.  2  has  a  magnitude  equal  to  the  excitation 

20  signal  magnitude  and  is  phase  displaced  W2 
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 

25  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  to  reduce  or  eliminate 
capacitive  coupling  between  the  excitation  and  out- 

30  put  signal  cables.  The  cost  of  such  shielding  sig- 
nificantly  increases  the  material  and  labor  costs 
associated  with  the  installation  of  such  cables. 

It  is  an  object  of  the  present  invention  to  pro- 
vide  apparatus  for  position  measurement  by  elec- 

35  tromagnetic  position  transducers  having  inherent 
elimination  and  reduction  of  capacitively  coupled 
signals  between  excitation  and  output  signal  con- 
ducting  cables. 

It  is  a  further  object  of  the  present  invention  to 
40  provide  apparatus  for  position  measurement  by 

electromagnetic  position  transducers  having  excita- 
tion  signals  which  are  symmetrical  with  respect  to 
ground,  thereby  providing  inherent  reduction  of  a 
first  mode  of  capacitively  coupled  signals  between 

45  excitation  and  output  signal  conducting  cables. 
It  is  a  further  object  of  the  present  invention  to 

provide  apparatus  for  position  measurement  by 
electromagnetic  position  transducers  having  bal- 
anced  signal  and  return  paths  for  the  output  signals 

50  thereby  providing  inherent  reduction  of  a  second 
mode  of  capacitively  coupled  signals  between  the 
excitation  and  output  signal  conducting  cables. 

Other  objects  and  advantages  of  the  present 
invention  shall  become  apparent  from  the  accom- 

55  panying  drawings  and  the  following  description 
thereof. 

In  accordance  with  the  aforesaid  objects  the 
present  invention  provides  an  excitation  signal 
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source  for  use  with  electromagnetic  position  trans- 
ducers  producing  an  AC  excitation  signal  symmet- 
rical  with  respect  to  ground.  A  first  AC  signal  is 
inverted  to  produce  a  second  AC  signal  and  the 
excitation  signal  is  taken  as  the  difference  between 
the  first  and  second  AC  signals.  Further  in  accor- 
dance  with  the  aforesaid  objects,  a  receiver  for  use 
with  electromagnetic  position  transducers  is  pro- 
vided  having  matched  impedances  for  signal  and 
return  lines  of  an  output  signal. 

Figs.  1a  and  1b  illustrate  prior  art  circuits  for 
position  measurement  using  a  resolver. 

Fig  2  illustrates  capacitive  coupling  between 
excitation  and  output  signal  conducting  cables. 

Fig.  3  illustrates  circuits  of  the  present  inven- 
tion  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  po- 
sition  transducer  interface  circuits  of  a  motor  con- 
trol  device  developed  for  Cincinnati  Milacron  Inc., 
the  assignee  of  the  present  invention  shall  be  de- 
scribed  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  present  invention  and  these 
details  shall  not  be  described  herein.  Motor  50, 
under  control  of  controller  60,  effects  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  E1  and  E2  are  expressed  as  func- 
tions  of  the  excitation  signal  and  the  relative  an- 
gular  position  of  the  rotor  42  and  stator  as  follows: 

F1  =  E  .  sine(9)  «  sine(Wt) 
F2  =  E  .  cosine  (9)  *  sine(Wt) 

Where: 
E  =  magnitude  of  the  excitation  signal 
6  =  relative  angular  position  of  the  resolver 

rotor  and  stator  in  radians 
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  induc- 
tively  coupled  thereto  from  the  stator  in  brushless 
resolvers.  In  either  case,  the  signal  and  return 

paths  of  the  excitation  signal  are  provided  by  twist- 
ed  pair  conductor  cable  52.  The  signal  and  return 
paths  for  the  output  signals  F1  and  F2  are  provided 
in,  respectively,  twisted  pair  conductor  cables  54 

5  and  56.  By  virtue  of  the  symmetrical  excitation 
signal  and  the  symmetrical  impedance  of  the  out- 
put  signal  receivers  provided  by  the  circuitry  of  the 
present  invention,  capacitive  coupling  between  the 
excitation  and  output  signals  is  inherently  elimi- 

io  nated  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 

is  outputs  of  amplifiers  62  and  64.  Amplifier  62  re- 
ceives  a  sinusoidal  AC  signal  S1  of  constant  fre- 
quency  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 

20  possibility  of  high  frequency  oscillation  appearing 
at  the  outputs  of  amplifiers  62  and  64  when  con- 
nected  to  cables  presenting  relatively  high  capaci- 
tive  loads.  Gain  setting  resistors  R1  and  R2  are  of 
equal  value  within  a  moderately  close  tolerance  as 

25  may  be  readily  achieved,  for  example,  using  1% 
components.  The  excitation  signal  V1  is  symmetri- 
cal  about  ground  due  to  the  inversion  of  the  output 
of  amplifier  62  by  amplifier  64. 

The  effect  of  providing  an  excitation  signal 
30  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  receiver,  the  signals  coupled 
by  capacitances  C4  and  C3  do  not  appear  in  the 

35  output  signal  and  these  capacitances  do  not  appear 
in  the  equivalent  circuit.  The  remaining  capacitan- 
ces  C1  and  C2  couple  the  excitation  signal  to  the 
output  signal  producing  an  error  component  having 
a  magnitude  expressed  as  a  function  of  the  excita- 

40  tion  signal  magnitude  as  follows: 

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

45  Continuing  with  reference  to  Fig.  3,  output  sig- 
nals  F1  and  F2  are  received  by  differential  amplifi- 
ers  70  and  72  which  amplify  the  potential  dif- 
ference  appearing  across  the  signal  and  return 
paths  of  the  twisted  pair  conductor  cables  56  and 

50  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  a 
component  tolerance  of  0.1%  to  facilitate  analogue 

55  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 
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tolerance  of  0.1%. 
To  balance  the  apparent  impedances  present- 

ed  to  the  signal  and  return  paths  at  the  inputs  of 
motor  controller  60,  impedance  matching  resistors 
R11  and  R12  are  connected  between  the  return 
path  input  and  ground  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  R10  and  the  ratio  of  R9  to  R10. 

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

The  combined  effect  of  providing  an  excitation 
signal  symmetrical  with  respect  to  ground  and 
matched  impedances  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  func- 
tion  of  the  excitation  signal  magnitude  E  as  follows: 

Vcc  =  E.(C1  +  C4  -  C2  -  C3)/(C1  +  C2  +  C3  + 
C4) 

From  the  equivalent  circuits  of  Figs.  4a,  4b, 
and  4c  and  the  analysis  of  the  magnitude  of  the 
error  component  associated  with  the  resultant  ca- 
pacitive  coupling,  it  is  apparent  that  the  error  com- 
ponent  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  ex- 
citation  signal  and  output  signal  conducting  cables. 
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  excita- 
tion  signal  and  balanced  impedance  receivers  for 
the  output  signals  as  applied  to  a  slider  and  scale 
measuring  system  80.  A  scale  excitation  signal 

5  output  by  scale  amplifier  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 

io  conductors  85  and  86  define  pole  segments  APSi 
and  APCi  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  sepa- 
rated  by  1/4.  The  slider  output  signals  are  transmit- 

15  ted  to  line  amplifiers  89  proximate  the  slider  84  via 
conducting  cables  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  trans- 

20  mitted  to  scale  amplifier  88  proximate  the  scale  82 
via  conducting  cable  110.  Scale  amplifier  88  pro- 
duces  the  scale  excitation  signal  conducted  by 
cable  116  to  scale  82. 

Relative  position  of  the  slider  84  and  scale  82 
25  may  be  determined  from  the  slider  output  signals 

using  the  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 

30  between  the  scale  excitation  signal  and  the  slider 
output  signals  does  not  generally  give  rise  to  an 
appreciable  error  component  in  the  measured  posi- 
tion.  Conversely,  the  interface  between  the  control 
90  and  the  amplifiers  88  and  89  is  susceptible  to 

35  the  same  capacitive  effects  discussed  with  refer- 
ence  to  Fig.  2.  Therefor,  the  use  of  an  excitation 
signal  symmetrical  with  respect  to  ground  and 
matched  impedances  in  the  signal  and  return  lines 
of  the  output  signals  provide  the  same  advantages 

40  as  previously  discussed  thereby  permitting  the  in- 
clusion  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  de- 
45  scription,  or  the  following  claims,  or  the  accom- 

panying  drawings,  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  com- 

50  bination  of  such  features,  be  utilised  for  realising 
the  invention  in  diverse  forms  thereof. 

Claims 

55  1.  Apparatus  for  position  measurement  wherein 
conducting  cables  convey  AC  excitation  sig- 
nals  and  AC  transducer  output  signals  between 
an  electromagnetic  position  transducer  and  as- 

4 



7 EP  0  470  558  A2 8 

sociated  interface  circuits  remote  therefrom, 
the  excitation  signals  beimg  generated  from  an 
excitation  signal  generator  having  a  signal  out- 
put  and  a  grounded  return  input,  the  improve- 
ment  comprising  transducer  output  signal  re- 
ceiving  means  providing  signal  and  return 
paths  for  the  transducer  output  signals  which 
present  equal  impedances  relative  to  ground  to 
the  signal  and  return  paths  of  the  transducer 
output  signals. 

2.  Apparatus  according  to  Claim  1  wherein  the 
transducer  output  signal  receiving  means  fur- 
ther  comprises  differential  amplifying  means 
having  first  and  second  inputs  and  an  output, 
the  first  and  second  inputs  presenting  equal 
impedances  to  ground  to  signal  and  return 
paths  of  the  AC  transducer  output  signals. 

3.  Apparatus  for  position  measurement  wherein 
conducting  cables  convey  AC  excitation  sig- 
nals  and  AC  transducer  output  signals  between 
an  electromagnetic  position  transducer  and  as- 
sociated  interface  circuits  remote  therefrom, 
the  interface  circuits  including  transducer  out- 
put  signal  receivers  presenting  unequal  im- 
pedances  relative  to  ground  to  the  sigan  and 
return  paths  of  the  transducer  output  signals, 
the  improvement  comprising  excitation  signal 
producing  means  producing  AC  excitation  sig- 
nals  symmetrical  with  respect  to  ground. 

4.  Apparatus  for  position  measurement  wherein 
conducting  cables  convey  AC  excitation  sig- 
nals  and  AC  transducer  output  signals  between 
an  electromagnetic  position  transducer  and  as- 
sociated  interface  circuits  remote  therefrom, 
the  improvement  comprising: 

a.  excitation  signal  producing  means  pro- 
ducing  AC  excitation  signals  symmetrical 
with  respect  to  ground;  and 
b.  transducer  output  signal  receiving  means 
providing  signal  and  return  paths  for  the 
output  signals  which  present  equal  imped- 
ances  to  ground  to  the  signal  and  return 
paths  of  the  transducer  ouptut  signals. 

5.  Apparatus  according  to  Claim  4  wherein  the 
output  signal  receiving  means  comprises  dif- 
ferential  amplifying  means  having  first  and  sec- 
ond  inputs  and  an  output,  the  first  and  second 
inputs  presenting  equal  impedances  to  ground 
to  signal  and  return  paths  of  the  AC  transducer 
output  signals. 

6.  Apparatus  for  position  measurement  compris- 
ing: 

a.  an  electromagnetic  transducer  having  an 

armature  and  a  stator  for  resolving  an  AC 
excitation  signal  into  first  and  second  AC 
output  signals  having  a  predetermined 
phase  difference  relative  to  one  another  and 

5  having  a  common  phase  difference  from  the 
excitation  signal  determined  by  the  relative 
position  of  the  armature  and  stator;  and 
b.  an  output  signal  receiving  means  includ- 
ing  differential  amplifying  means  having  first 

io  and  second  inputs  and  an  output,  the  first 
and  second  inputs  presenting  equal  imped- 
ances  to  signal  and  return  paths  of  the  first 
and  second  AC  output  signals. 

is  7.  Apparatus  according  to  one  of  Claims  1  and  6 
further  comprising  an  AC  excitation  signal  pro- 
ducing  means  providing  an  AC  excitation  sig- 
nal  being  symmetrical  as  measured  between 
signal  and  return  paths  for  the  excitation  sig- 

20  nal. 

8.  Apparatus  according  to  any  one  of  the  preced- 
ing  claims  wherein  the  AC  excitation  signal 
producing  means  further  comprises: 

25  a.  a  first  amplifying  means  for  producing  a 
first  AC  signal;  and 
b.  a  second  amplifying  means  for  inverting 
the  first  AC  signal  to  produce  a  second  AC 
signal  anti-phase  relative  the  first  AC  signal, 

30  the  excitation  signal  being  taken  as  the  po- 
tential  difference  between  the  first  and  sec- 
ond  AC  signals. 

9.  Apparatus  according  to  Claim  8  further  com- 
35  prising  an  output  signal  receiving  means  in- 

cluding  differential  amplifying  means  having 
first  and  second  inputs  and  an  output,  the  first 
and  second  inputs  presenting  equal  impedan- 
ces  to  signal  and  return  paths  of  the  first  and 

40  second  AC  output  signals. 

10.  Apparatus  for  position  measurement  compris- 
ing: 

a.  an  electromagnetic  transducer  having  an 
45  armature  and  a  stator  for  resolving  an  AC 

excitation  signal  into  first  and  second  AC 
output  signals  having  a  predetermined 
phase  difference  relative  to  one  another  and 
having  a  common  phase  difference  from  the 

50  excitation  signal  determined  by  the  relative 
position  of  the  armature  and  stator; 
b.  an  AC  excitation  signal  producing  means 
providing  an  AC  excitation  signal  being 
symmetrical  as  measured  between  signal 

55  and  return  paths  for  the  excitation  signal. 
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