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Description 

This  invention  relates  to  motors  and  seeks  to  pro- 
vide,  for  example,  efficient  motors  that  are  capable  of 
precise  motion  in  both  one  and  two  dimensions  there- 
by  forming  linear,  rotary,  planar  and  cylindrical  actua- 
tors.  In  the  field  of  electric  motors  it  is  well  known  that 
brushless  designs  are  advantageous  (See  the  book, 
D.  C.  Motors,  Speed  Controls  and  Servo  Systems, 
Chapter  6,  Electro-Craft  Corporation,  Hopkins,  MN 
(1980)).  Such  motors  typically  employ  Hall  effect 
magnetic  sensors,  together  with  permanent  magnets 
suitably  attached  to  the  motor  shaft,  to  provide  com- 
mutation  information  for  the  motor  windings.  These 
widely  used  one  dimensional  rotary  motor  designs 
have  also  been  extended  to  one  dimensional  linear 
applications  using  either  magnetic  or  optical  position 
sensors,  as  shown  in  U.S.  Patent  No.  4,509,001  to  N. 
Wakabayashi  et  al  (April  2,  1  985)  or  in  U.S.  Patent  No. 
4,618,808  to  J.  Ish-Shalom  (October  21,  1986).  In  all 
such  cases  the  position  sensor  is  an  additional  ele- 
ment,  rigidly  attached  to  the  motor  itself  and  accurate- 
ly  positioned  with  respect  to  the  motor  armature.  It 
must  be  particularly  noted  in  addition  that  no  brush- 
less  DC  motor  in  the  prior  art  can  move  freely  through 
arbitrarily  large  distances  in  more  that  one  dimension. 

On  the  other  hand  there  exists  a  different  class 
of  motor,  namely  stepping  motors  (See  the  book  by 
Vincent  Del  Toro,  Electric  Machines  and  Power  Sys- 
tems,  p.  433ff,  Prentice  Hall,  Englewood  Cliffs,  N.J. 
1985).  Such  motors  are  open-loop  devices  in  which 
the  motor  position  advances  incrementally  in  step 
with  sequential  electrical  driving  signals.  Motors  of 
this  type  have  been  extended  to  provide  full  two  di- 
mensional  motion  on  planar  surfaces  over  arbitrary 
distances,  as  shown  in  U.S.  Patent  No.  RE  27,436  to 
B.  A.  Sawyer  (July  18,  1972).  Some  efforts  have  also 
been  made  to  produce  a  true  two-dimensional  brush- 
less  DC  motorf  rom  such  stepping  motors  by  attempt- 
ing  to  measure  the  motor  position  magnetically  (but 
now  in  two  dimensions)  and  again  using  this  informa- 
tion  to  commutate  the  motor  windings.  However  such 
schemes  to  date  have  turned  out  to  be  both  difficult 
to  implement  and  complex  (U.S.  Patent  No. 
3,857,078  to  B.  A.  Sawyer  (Dec.  24,  1974))  and  no 
commercally  viable  motor  of  this  type  has  yet  been  re- 
ported.  One  of  the  key  difficulties  in  such  attempts  is 
that  of  determining  the  two  dimensional  commutation 
(position)  information  rapidly  and  accurately  and  in 
such  a  way  that  motion  in  one  direction  does  not  dis- 
turb  the  position  information  available  in  the  perpen- 
dicular  direction. 

There  does,  however,  exist  a  different  scheme  for 
position  determination  in  two  dimensions  which  turns 
out  to  be  well  suited  to  this  task.  This  is  by  measure- 
ment  of  the  capacitance  between  a  suitably  designed 
electrode  array  and  an  appropriately  patterned  two 
dimensional  surface.  (See  my  co-pending  patent  ap- 

plication  "Interpolating  Capacitive  Encoders",  Serial 
No.  197,800,  filed  May  24,  1988  &  US-A-4893071). 

A  further  inherent  problem  that  arises  in  variable 
reluctance  motors  using  unidirectional  driving  cur- 

5  rents  is  that  of  dissipating  the  stored  magnetic  energy 
that  is  present  in  each  winding  at  the  turnoff  instant. 
This  problem  is  exacerbated  if  the  motor  uses  a  fine 
magnetic  pitch  and  moves  at  high  speed,  thereby  nec- 
essitating  rapid  inductor  switching  action. 

10  While  energy-recovery  schemes  for  variable  re- 
luctance  motors  exist,  some  of  the  prior  approaches 
require  separate  multiple  windings  on  the  motor  ar- 
mature  to  achieve  the  intended  result.  See,  for  exam- 
ple,  "Variable  Reluctance  Motors  for  Electric  Vechi- 

15  cles,"  NASA  TECH.  BRIEF,  Vol.  II,  No.  10,  Item  113, 
JPL  Invention  Report  NOP-16993ISC-1444,  J.  H. 
Lang  and  N.  L.  Chalf  in  (Dec.  1  987.)  The  separate  mo- 
tor  windings  impair  other  qualities  of  the  motor. 

It  is  therefore  desirable  to  arrange  for  both  a 
20  speed  up  of  the  turnoff  process  and  a  corresponding 

speed  up  of  the  turn-on  process  in  the  next  motor 
winding,  further  to  arrange  that  the  collapsing  mag- 
netic  field  in  one  motor  winding  uses  the  back-emf 
thereby  generated  to  temporarily  increase  the  voltage 

25  available  to  the  next  motor  winding  to  be  switched  on, 
and  furthermore,  to  achieve  all  the  foregoing  without 
extra  motor  windings  and  to  apply  all  of  the  foregoing 
to  reversible  three  phase  motors,  unlike  those  of  U.S. 
Patent  No.  3,486,096  to  G.  W.  Van  Cleave  (Dec.  23, 

30  1  969)  and  U.S.  Patent  No.  4,533,861  to  J.  J.  Rogers, 
et  al  (Aug.  6,  1985),  existing  in  the  prior  art  that  are 
also  intended  to  provide  rapid  magnetic  field  switch- 
ing  in  stepping  motors  by  use  of  the  back  emf  effect. 
These  latter  two  prior  schemes  are  unable  to  handle 

35  three  phase  motors  including  direction  reversal. 
EP-A-0233947  discloses  an  energy  converter 

comprising  a  plurality  of  capacitors  and  a  slidable  di- 
electric  plate  positioned  between  the  electrodes  of 
the  capacitors.  As  the  dielectric  plate  moves,  the  ca- 

40  pacitors  are  charged  or  discharged  in  response  to  the 
change  in  capacity  caused  by  the  change  of  position 
of  the  plate,  whereby  electric  energy  is  converted  into 
mechanical  energy  or  vice  versa.  The  position  of  the 
plate  with  respect  to  the  electrodes  is  detected  by  de- 

45  tecting  means.  In  one  embodiment  (Fig.  26),  the  de- 
tecting  means  uses  the  same  electrodes  as  used  for 
energy  conversion. 

US-A-3857978  discloses  an  actuating  system  in 
which  a  head  moves  in  relation  to  a  platen.  The  head 

so  includes  one  or  more  electromagnetic  actuators  that 
work  as  synchronous  motors  in  conjunction  with  the 
platen,  which  is  formed  of  grooved  magnetic  material. 
The  pitch  of  the  grooves  is  the  same  as  the  pitch  of 
teeth  in  the  actuators.  The  position  of  the  head  with 

55  respect  to  the  platen  is  detected  by  electromagnetic 
pickups  that  respond  to  the  teeth  in  the  platen. 

FR-A-2526570  discloses  a  linear  servo  system 
having  an  electromagnetic  actuator  with  a  moving 
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permanent  magnet,  a  stator  winding  and  a  capacitive 
position  sensor.  A  servo  responds  to  desired  position 
signal  and  a  signal  from  the  position  sensor  and  con- 
trols  the  position  of  the  permanet  magnet  in  the  stator 
winding. 

US-A-4507598  discloses  a  two-axis  positioning 
system  for  a  flatbed  plotter  in  which  two  linear  motors 
are  used  for  the  first  axis  and  a  third  linear  motor  is 
used  for  the  second  axis.  The  linear  motors  have  ac- 
tuators  with  biasing  magnets,  electromagnetic  coils 
and  magnetic  teeth.  The  actuators  work  in  conjunc- 
tion  with  stators  having  magnetic  teeth  at  the  same 
pitch  as  the  teeth  on  the  actuators.  The  position  of 
each  actuator  is  detected  by  a  magnetic  pickup  that 
senses  the  teeth  on  the  stator. 

According  to  this  invention  there  is  provided  a 
motor  as  claimed  in  claim  1. 

Brushless  DC  motor  action  may  be  achieved  in  all 
implementations  of  the  invention  by  determining  the 
relative  position  of  the  armature  and  the  stator  of  a 
motor  by  RF  capacitance  measurements  and  using 
this  information  to  control  the  drive  to  the  motor  wind- 
ings.  Using  the  motor  electromagnetic  elements 
themselves  as  the  capacitive  sensing  elements  leads 
to  a  self-aligned  and  compact  design  requiring  no  ex- 
traneous  position  sensing  components. 

The  use  of  four  such  capacitively  commutated  lin- 
ear  servo  motors  mounted  along  the  edges  of  a  pla- 
nar  square  air  bearing  supporting  plate  then  gives  rise 
to  a  true  two-dimensional  servo  motor.  This  two  di- 
mensional  servo  motor,  which  can  operate  in  a  plane 
of,  for  example,  a  factory  assembly  work  station,  can 
in  turn  be  modified  to  provide  a  two-dimensional  cyl- 
indrical  servo  motor  providing  simultaneous  and  inde- 
pendent  rotation  and  axial  translation  in  the  same  ac- 
tuator. 

All  of  these  motor  structures  lend  themselves  to 
high  speed  motion  and  this  poses  a  known  problem 
in  multiphase  motor  operation  described  above, 
namely  the  difficulty  of  rapidly  and  sequentially 
switching  the  magnetic  fields  in  the  motor  windings. 
This  problem  is  handled  in  the  present  case  by  a  novel 
passive  system  that  either  rapidly  transfers  the  ener- 
gy  in  a  winding  being  turned  off  into  the  next  motor 
winding  being  turned  on  or  transfers  it  back  into  the 
power  supply.  This  energy  transfer  scheme  works  for 
motors  with  arbitrary  numbers  of  phases  and  further- 
more  automatically  handles  motor  direction  rever- 
sals. 

This  feature  more  specifically  employs  a  novel  di- 
ode-coupled  autotransformer  scheme.  This  allows  a 
rapid  turn-off  of  each  inductive  winding,  coupled  with 
the  efficient  return  of  essentially  all  the  available  stor- 
ed  magnetic  energy  to  the  driving  power  supply  or 
other  storage  device  during  each  turn-off  transient. 
Furthermore  this  transformer  system  achieves  this 
end  without  wasting  any  of  the  available  motor  wind- 
ing  space. 

The  same  techniques  used  in  my  above-cited  co- 
pending  patent  application  for  avoiding  the  effects  of 
spurious  capacitances  can  be  advantageously  used 
in  the  motor  itself. 

5  The  invention  will  now  be  described  with  refer- 
ence  to  the  accompanying  drawings,  in  which: 

FIG.  1  is  a  pictorial  and  schematic  showing  of  a 
basic  scheme  of  a  three  phase  variable  reluctance  lin- 
ear  motor  which  uses  the  motor  armature  ferromag- 

10  netic  cores  themselves  as  capacitive  position  sens- 
ing  elements. 

FIG.  2  is  a  cross-sectional  diagram  indicating  the 
maximum  and  minimum  capacitance  values  of  an 
electrode  above  a  patterned  ground  plane. 

15  FIG.  3  shows  a  transformer-coupled  self- 
shielding  method  of  measuring  the  capacitance  of  an 
electrode  to  ground. 

FIG.  4  shows  a  method  of  interconnecting  a  linear 
array  of  ferromagnetic  motor  cores  to  provide  three 

20  phase  spatially-averaging  capacitive  position  infor- 
mation. 

FIG.  5  is  an  electronic  block  diagram  showing  the 
derivation  of  the  three  phase  position  outputs  and 
height  information  from  the  motor  electrode  capaci- 

25  tances. 
FIG.  6  shows  curves  of  the  form  of  the  three 

phase  position  output  signals  fa,  §2  and  §3  provided 
by  the  position  sensing  system. 

FIG.  7  shows  an  arrangement  for  derivation  of  the 
30  Sine/Cosine  position  outputs  from  the  three  phase 

signals,  togetherwith  the  motor  winding  commutation 
commands. 

FIG.  8  illustrates  the  method  of  removing  the  ef- 
fect  of  the  motor  winding  capacitances  from  the  pos- 

35  ition-sensing  signals. 
FIG.  9  shows  interconnection  of  multiple  motor 

cores  with  cancellation  of  winding-to-core  capaci- 
tances. 

FIG.  10  illustrates  the  footprint  of  multiple  motor 
40  cores  to  show  the  transverse  motion  signal  indepen- 

dence. 
FIG.  11  shows  a  form  of  "Chevron"  three  phase 

spatially  averaging  printed  circuit  capacitive  position 
sensing  element. 

45  FIG.  12  shows  interconnection  on  the  back  of  the 
three  phase  printed  circuit  position  sensing  electrode. 

FIG.  13  shows  a  one  dimensional  rotary  motor 
using  the  motor  armature  ferromagnetic  cores  as 
position  sensing  elements. 

50  FIG.  14  shows  a  one  dimensional  rotary  motor 
utilizing  a  separate  capacitive  position  sensing  ele- 
ment. 

FIG.  15  shows  a  two  dimensional  planar  servo- 
motor. 

55  FIG.  16  shows  a  two  dimensional  cylindrical  ser- 
vomotor. 

FIG.  17  is  a  schematic  diagram  of  an  energy  con- 
serving  high  speed  motor  winding  turn-off  system. 

3 
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FIG.  18  is  a  schematic  diagram  of  an  energy 
transferring  high  speed  motor  magnetic  field  switch- 
ing  system. 

Detailed  Description 

The  basic  form  of  a  preferred  embodiment  of  the 
invention  is  shown  in  Figure  1. 

Here  three  electrically  separate  but  identical  fer- 
romagnetic  cores  1  ,  2,  3  are  mounted  just  above  a  flat 
electrically  grounded  ferromagnetic  plate  4  which 
contains  a  uniform  two  dimensional  pattern  of  holes. 
Each  core  is  connected  to  a  winding  5,  6,  7  on  a  sep- 
arate  1:1:1:1  multifilar  RF  transformer  8  whose  pri- 
mary  9  is  driven  by  an  RF  oscillator  10.  The  three 
cores  each  contain  a  winding  on  their  center  leg  (omit- 
ted  for  clarity,  but  see  FIG.  8)  and  all  three  cores  are 
rigidly  mechanically  attached  on  one  another  with 
particular  spacings.  This  arrangement  comprises  a 
variable  reluctance  linear  motor  in  which  the  array  of 
ferromagnetic  cores  (electromagnets)  are  supported 
on  an  air  bearing  (see  FIG.  15)  just  above  the  ferro- 
magnetic  plate  4  or  "platen".  Turning  on  the  center  leg 
winding  of  an  appropriate  core  tends  to  pull  it  into  step 
with  the  nearest  "line"  of  platen  material  that  does  not 
contain  holes.  Sequentially  and  appropriately  turning 
the  electromagnets  on  and  off  in  turn  then  causes  the 
motor  to  move  across  the  platen.  This  arrangement  of 
using  a  ferromagnetic  platen  with  an  array  of  "holes" 
instead  of  protuberances  or  "posts"  (which  are  also 
usable)  has  fabrication  advantages,  allows  higher  net 
magnetization,  is  convenient  for  air  bearings,  and  pro- 
vides  better  position  sensing  signals. 

Of  course  the  synchronization  of  the  electromag- 
net  current  drives  is  critical  since  each  must  be  turned 
on  and  off  at  precisely  the  correct  spatial  position  with 
respect  to  the  array  of  platen  holes.  The  way  in  which 
the  required  position  sensing  is  achieved  can  be  un- 
derstood  with  the  simple  diagram  of  Figure  2.  Here  a 
small  conducting  electrode  13  is  envisaged  as  being 
either  directly  over  a  conducting  region  of  the  platen 
14,  or  else  over  region  with  a  hole  (the  holes  may  or 
may  not  be  filled  with  plastic  or  other  dielectric,  non- 
ferromagnetic  material).  It  is  evident  that  the  electri- 
cal  capacitance  of  the  electrode  to  ground  is  different 
in  the  two  cases,  with  corresponding  intermediate  val- 
ues  at  intermediate  positions. 

It  is  this  capacitance  effect  which  is  used  in  figure 
1  to  sense  the  relative  position  of  the  ferromagnetic 
cores  with  respect  to  the  platen.  The  way  in  which  this 
is  done,  using  a  multifilar  RF  transformer,  is  identical 
to  that  described  in  my  previously  mentioned  co- 
pending  patent  application  "Interpolating  Incremental 
Capacitive  Encoders"  Serial  No.  197800,  filed  May 
24,  1988.  The  basic  scheme  is  indicated  in  Figure  3. 
An  RF  oscillator  17  drives  the  primary  18  of  a  bifilar 
1  :1  transformer.  The  secondary  19  drives  the  capaci- 
ty  sensing  electrode  of  interest  20,  which  is  itself  ad- 

vantageously  surrounded  by  a  driven  guard  or  shield- 
ing  electrode  21  driven  by  winding  1  8.  In  this  way  only 
the  RF  displacement  current  flowing  from  electrode 
20  to  ground  22  is  measured  at  point  23.  This  meas- 

5  urement  is  independent  of  all  potentially  interfering 
effects  of  capacitances  C2,  C3,  C4  and  C5,  as  ex- 
plained  in  detail  in  the  previously  mentioned  co-pend- 
ing  patent  application.  This  basic  scheme  is  the  one 
used  in  Figure  1  and  of  course  extends  directly  to  the 

10  use  of  multiple  sets  of  cores  as  shown  in  Figure  4. 
Here  cores  25,  26,  27  are  connected  together  with 
other  identical  cores  in  similar  relative  positions  in 
such  a  way  as  to  provide  a  common  three-phase  out- 
put  E1,  E2,  E3.  All  the  electrodes  are  shielded  by  a 

15  single  common  guard  electrode  28. 
The  output  signals  E1,  E2,  E3  in  turn  drive  the 

system  shown  in  Figure  5.  This  is  again  identical  to 
that  used  in  the  aforementioned  co-pending  patent 
application.  The  differences  of  the  capacitive  signals 

20  (E1-E2),  (E2-E3)  and  (E3-E1)  drive  the  synchronous 
rectifiers  31  ,  32,  33.  These  then  provide  the  position 
outputs  37,  38,  39.  An  RF  oscillator  40  drives  ampli- 
fier  A3  through  a  linear  attenuator  41.  The  total  RF 
amplitude  to  the  E1,  E2,  E3  electrodes  is  thereby 

25  servoed  in  such  a  way  as  to  provide  a  constant  total 
displacement  current.  This  action  provides  spacing- 
independent  position  signals  37,  38,  39  together  with 
an  independent  height  output  signal  42. 

The  form  of  the  position  signals  37,  38,  39,  (lab- 
30  eled  fa  ,  fa,  and  fa)  is  shown  in  Figure  6.  These  are  in- 

terleaved  at  120°  (spatial)  degrees  with  respect  to 
one  platen  period  51.  A  particular  advantage  of  this 
capacitance  based  position  measuring  system  is  that 
it  averages  over  a  large  area  of  the  platen.  This  has 

35  the  effect  of  ensuring  that  the  system  has  good  dif- 
ferential  linearity,  i.e.,  good  cycle  to  cycle  reproduci- 
bility  as  the  motor  moves.  This  results  in  correspond- 
ing  distances  such  as  AB  and  BC  being  very  nearly 
equal,  which  is  important  for  accurate  position  inter- 

40  polation. 
The  three-phase  position  signals  fa,  fa,  and  fa 

are  combined  as  shown  in  Figure  7  to  provide  Sine 
and  Cosine  outputs.  These  two  signals  are  then  used 
to  drive  up/down  counters  to  determine  the  motor 

45  position.  The  same  signals  are  also  digitized  by  an  8 
bit  ADC  to  provide  fine  position  interpolation  within 
one  platen  period.  Motor  commutation  signals  are  de- 
rived  from  the  fa,  fa,  and  fa  position  signals.  These 
commutation  signals  are  used  in  conjunction  with  the 

so  current  drivers  (which  are  described  subsequently) 
so  as  to  provide  controlled  force  and  direction  to  the 
motor  motion. 

In  order  to  obtain  the  most  accurate  position 
sensing  signals  it  is  desirable  to  reduce  to  a  minimum 

55  all  stray  and  unwanted  capacitances  associated  with 
the  motor  ferromagnetic  cores.  One  of  these  stray  ca- 
pacitances  is  that  between  the  winding  on  the  motor 
center  leg  and  the  core  itself.  The  effect  of  this  stray 

4 
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capacitance  is  removed  by  the  scheme  shown  in  Fig- 
ure  8.  Here  the  electromagnet  winding  61  is  driven 
through  two  additional  windings  62  and  63  on  the  RF 
transformer.  By  arranging  that  the  small  capacitors  66 
and  67  hold  one  end  of  each  of  the  transformer  wind- 
ings  62  and  63  at  RF  ground  it  follows  that  the  whole 
of  the  electromagnet  winding  61  itself  is  driven  exact- 
ly  in  unison  with  the  remainder  of  the  ferromagnetic 
core  60.  As  a  consequence  essentially  no  RF  current 
flows  through  the  stray  capacitance  between  60  and 
61  ,  i.e.,  effect  of  this  unwanted  capacitance  has  been 
removed.  It  will  be  appreciated  that  the  large  DC  cur- 
rent  that  drives  the  electromagnet  coil  61  has  no  ef- 
fect  on  the  (ferrite  cored)  RF  transformer  62,  63,  64, 
65.  This  follows  since  the  current  through  62  and  63 
flows  in  opposite  directions  through  a  bifilar  winding 
and  therefore  links  no  net  flux  with  the  RF  ferite  core. 

In  principle  it  would  be  possible  to  arrange  to  re- 
peat  this  procedure  for  each  of  the  three  cores  of  Fig- 
ure  1  ,  for  example.  However,  the  same  effect  can  be 
achieved  in  all  cases,  but  with  fewer  windings,  as 
shown  in  Figure  9.  Here  six  cores  70  through  75  are 
shown  with  their  six  electromagnet  windings  85 
through  90.  It  will  be  noted  that  only  8  RF  windings  (76 
through  83)  are  needed,  and  indeed  only  that  number 
is  needed  for  an  arbitrarily  large  number  of  cores. 

The  footprint  of  three  cores  93,  94,  95  is  shown 
overlaid  on  the  platen  array  of  holes  96  in  Figure  10. 
It  will  be  noted  that  since  each  core  has  a  lateral  foot- 
print  length,  in  its  motion-independent  direction,  of 
exactly  an  integral  number  of  platen  periods,  the  as- 
sociated  capacitance  values  remain  essentially  un- 
changed  for  translations  in  that  one  (motion  indepen- 
dent)direction,  while  varying  essentially  sinusoidally 
(as  required)  in  the  other  (measuring)  direction. 

All  of  the  preceding  motor  description  has  cen- 
tered  on  situations  in  which  the  motor  armature  ele- 
ments  themselves  can  act  as  their  own  capacitive 
position  sensors.  In  cases  where  this  is  not  possible 
a  separate  capacitive  position  sensing  array  can  still 
be  used,  of  the  type  described  in  the  previously  men- 
tioned  co-pending  patent  application.  An  example  is 
indicated  in  Figure  11.  This  shows  a  printed  circuit  ar- 
ray  of  triples  98,  99,  100  of  capacitive  sensing  ele- 
ments.  These  form  a  slightly  meandering  "Chevron" 
pattern  that  further  aids  in  ensuring  that  the  sensor 
only  reads  out  for  longitudinal  motions  and  not  for 
transverse  motions.  Each  triple  of  electrodes  is  inter- 
connected  on  the  back  of  the  printed  circuit  board  (via 
plated-through  holes)  to  the  three  common  readout 
lines  103,  104  and  105.  Such  an  electrode  structure 
can  be  rigidly  attached  to  a  suitable  set  of  electromag- 
nets  such  as  cores  70-75  to  provide  linear  motor  com- 
mutation  information.  Its  advantage  over  Hall  effect 
or  other  sensors  for  this  application  lies  in  the  fact  that 
it  has  large  area  and  therefore  provides  good  differ- 
ential  linearity  by  virtue  of  providing  a  high  degree  of 
spatial  averaging. 

Although  the  previously  described  systems  have 
all  related  to  one  dimensional  linear  motors,  the  ex- 
tension  to  one  dimensional  rotary  motors  is  clear.  An 
example  in  shown  in  Figure  13.  Here  the  three  arma- 

5  ture  elements  109,  110,  111  are  doubling  as  their  own 
capacitive  position  sensing  elements  in  a  fashion 
identical  to  that  of  cores  1  ,  2,  3  of  Figure  1  . 

Similarly,  if  the  rotary  motor  armature  elements 
cannot  double  as  their  own  position  sensors  it  is  still 

10  possible  to  provide  a  separate  rotary  capacitive  sen- 
sor.  An  example  is  shown  in  Figure  14.  Here  the  in- 
terleaved  triples  of  sensing  electrodes  E1  ,  E2,  E3  are 
conveniently  formed  photolithographically  on  one 
side  of  a  piece  of  printed  circuit  board  115.  The  met- 

is  allization  116  on  the  other  side  of  the  printed  circuit 
board,  (shown  moved  away  for  clarity),  is  itself  again 
driven  from  the  RF  source  as  before  so  that  it  moves 
electrically  in  unison  with  the  electrodes  E1,  E2,  E3, 
thereby  acting  as  a  driven  shield.  The  sensor  array  is 

20  mounted  a  small  distance  away  from  a  rotating, 
grounded,  patterned  electrode  117  that  is  rigidly  at- 
tached  to  the  motor  shaft.  Although  overall  this  is  a 
flat  disc-shaped  sensor  it  will  be  obvious  how  to  ex- 
tend  it  instead  to  an  essentially  cylindrical  design. 

25  From  what  has  been  described  regarding  one  di- 
mensional  linear  capacitively  commutated  motors  of 
the  type  shown  in  Figure  1  itwill  be  clear  that  numbers 
of  such  motors  can  be  grouped  to  operate  in  unison. 
An  examples  is  shown  in  Figure  15  where  four  such 

30  motors  1  20,  1  21  ,  1  22,  1  23  lie  along  the  edges  of  a  flat, 
square,  air-bearing  plate  124  with  air  bearing  nozzles 
128.  This  design  provides  for  controlled  two-  dimen- 
sional  motion  over  the  entire  platen  area,  which  can 
in  principle  be  of  indefinite  extent.  Sensor  signals, 

35  motor  drive  signals,  power  and  compressed  air  (for 
the  air  bearing)  are  provided  by  a  flexible  umbilical 
cord  125.  The  system  provides  four  separate  inde- 
pendent  position  readout  signals  X2,  Y2.  The 
position  (X,Y)  of  the  center  of  the  motor  is  defined  by 

40  X=1/2  (Xi+  X2)  and  Y  =  1/2  (Y^  Y2).  The  angular  ro- 
tation  9  of  the  motor  (limited  to  +5°  in  current  designs) 
is  obtained,  redundantly,  from  (X̂   -  X2)  and  (Ŷ   -  Y2). 
Motor  position,  which  is  needed  for  closed-loop  servo 
control,  is  provided  by  up-down  counters  driven  from 

45  the  sine-cosine  outputs  from  each  motor  as  indicated 
in  Figure  7.  It  will  be  appreciated  that  this  motor  de- 
sign  provides  both  full  two-dimensional  planar  motion 
and  also  controlled  rotation  over  a  small  (acute)  an- 
gular  range.  The  commutation  signals  remain  unam- 

50  biguous  for  the  design  of  Figure  15  up  to  an  angle  of 
rotation  of  about  5°.  This  angular  control  can  be  use- 
ful  in  the  application  of  these  motors  to  assembly  op- 
erations.  The  motor  position  information  is  redundant, 
providing  the  four  numbers  X  ̂ X2,  and  Y2  to  spec- 

55  ify  the  three  position  parameters  X,  Yand  9.  This  pro- 
vides  a  consistency  cross-check.  Furthermore,  as  will 
be  recalled  from  Figure  5,  the  sensor  system  also  pro- 
vides  the  heights  ĥ   h2,  h3,  h4  of  each  sensor  above 

5 
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its  local  ground  plane.  This  provides  a  measure  at 
each  motor  of  the  air-bearing  thickness  and  this  infor- 
mation  is  again  redundant.  In  this  way  the  four  motor 
sensors  provide  a  redundant  readout  of  all  six  de- 
grees  of  freedom  of  the  motor  motion.  It  will  be  noted 
also  that  successive  groups  of  motor  cores  can  have 
a  slight  offset  from  the  preceding  group  for  the  same 
motion  direction  to  provide  the  same  effect  as  the 
chevron  pattern  of  Figure  11. 

As  a  practical  matter  the  planar  motor  uses  in  ad- 
dition  a  permanent  hold-down  magnet  1  26  to  maintain 
correct  air  bearing  operation  even  when  all  four  mo- 
tors  are  turned  off.  This  magnet  is  required  because 
the  motors  themselves  are  true  variable  reluctance 
designs  and  therefore  do  not  contain  any  permanent 
magnets  such  as  those  employed  in  hybrid  stepper 
motors. 

Given  a  two-dimensional  planar  design  of  the 
form  of  Figure  15  it  is  clear  that  it  also,  if  desired,  can 
instead  use  four  separate  capacitive  position  sensors 
of  the  type  shown  in  Figures  11  and  12.  It  is  also  clear 
that,  independent  of  which  form  of  sensing  is  em- 
ployed,  it  is  possible  to  convert  it  to  a  two-dimensional 
cylindrical  motor  of  the  type  shown  in  Figure  16.  Here 
the  ferromagnetic  platen  of  Figure  15  has  been  wrap- 
ped  around  to  form  a  cylinder  129,  the  surface  of 
which  contains,  as  before,  a  two-dimensional  pattern 
of  either  holes  or  posts.  Shown  outside  and  spaced 
from  this  cylindrical  surface  are  two  separate  capac- 
itive  sensors  1  30  and  131,  to  read  out  Zand  9,  respec- 
tively.  Equally  well,  of  course,  these  two  sensors  can 
be  self-sensing  motors  of  the  type  of  Figure  1  and  Fig- 
ure  13  to  provide  Z  and  9  control.  In  this  cylindrical 
case  it  is  noteworthy  that  there  is  no  readout  redun- 
dancy  since  the  cylinder  is  constrained  to  allow  only 
Z  and  9  motion. 

All  of  the  preceding  has  related  to  design  and  ca- 
pacitive  position  sensing  of  different  motors;  but 
nothing  has  yet  been  said  regarding  the  actual  elec- 
trical  driving  of  the  motor  coils.  Typically,  for  small  mo- 
tors  of  the  kind  discussed  here,  the  coil  inductances 
are  perhaps  »  1  0  mh  and  the  maximum  drive  currents 
»  2  amperes  The  corresponding  stored  energies  are 
therefore  »  2  x  10~2  Joules.  At  high  motor  speed  the 
switching  frequency  can  be  »  1KHz,  thereby  leading 
to  coil  flyback  powers  of  »  20  watts.  In  conventional 
hybrid  motors  employing  bipolar  current  drives  all  of 
this  energy  is  automatically  returned  to  the  driving 
power  supply.  In  true  variable  reluctance  motors  with 
unidirectional  drives  (of  the  kind  used  here)  however, 
the  situation  is  very  different  and  this  energy  is  often 
intentionally  dissipated  as  heat  in  a  resistor,  or  else 
dissipated  in  a  high  voltage  zener  diode.  The  advan- 
tage  of  a  zener  diode  is  that  it  clamps  the  coil  flyback 
voltage  at  a  high  and  constant  value  (much  higher 
than  that  of  the  driving  power  supply)  which  causes 
the  coil  magnetic  field  to  collapse  very  rapidly,  which 
is  desirable.  However,  this  is  wasteful  of  energy. 

A  simple  scheme  that  retains  the  advantage  of 
rapid  field  collapse,  while  in  addition  wasting  essen- 
tially  none  of  the  available  flyback  energy,  is  shown 
in  Figure  17.  Here  the  three  motor  coils  134,  135,  136 

5  are  star-connected  and  driven  by  three  power  transis- 
tors  137,  138,  139.  Supposing  for  example  that  137 
had  been  on  and  is  suddenly  turned  off,  then  the  fly- 
back  voltage  from  inductor  134  rises  rapidly  until  di- 
ode  140  turns  on.  Since  the  autotransformer  143  has 

10  an  N:1  step  down  ratio  the  clamping  voltage  seen  by 
inductor  134  is  essentially  N  times  that  of  the  power 
supply  145.  This  is  because  the  voltage  clamping  ac- 
tion  itself  is  caused  by  diode  144  turning  on  as  its 
cathode  is  driven  one  diode  drop  below  ground  poten- 

15  tial.  This  therefore  provides  very  rapid  coil  turn-off 
action,  while  simultaneously  returning  the  stored 
magnetic  energy  to  the  power  supply. 

This  scheme  is  a  convenient,  efficient  and  simple 
one,  which  in  addition  works  for  any  number  of  motor 

20  phases,  driven  in  any  commutation  sequence.  How- 
ever,  it  only  provides  for  a  rapid  and  efficient  coil  turn- 
off,  doing  nothing  to  speed  up  the  corresponding  coil 
turn-on. 

The  turn-on  process  itself  can  be  speeded  up  in 
25  suitable  cases  by  intentionally  extending  a  property  of 

the  circuit  of  Figure  17.  This  property  is  that  when  di- 
ode  144  turns  on  (during  coil  flyback)  positive  current 
flows  back  into  the  positive  terminal  of  the  power 
source  145.  As  a  result  the  output  voltage  of  that  sup- 

30  ply  necessarily  undergoes  a  small  positive  excursion, 
of  a  magnitude  proportional  to  its  output  impedance. 
This  excursion  can  instead  be  intentionally  made  very 
large  indeed  by  using  the  system  shown  in  Figure  18. 
Here,  as  before,  if  one  envisages  that  transistor  151 

35  had  been  on  (carrying  current  l0)  and  was  suddenly 
turned  off  then  the  voltage  across  diode  154  sudden- 
ly  goes  positive,  i.e.,  it  turns  on.  Now,  however,  due 
to  the  1:1  autotransformer  157  and  capacitor  160,  as 
diodes  154,  158  and  159  all  turn  on  the  circuit  is 

40  equivalent  to  that  of  a  simple  parallel  resonant  LC 
tank  with  inductor  148  (of  inductance  L)  directly 
across  capacitor  160  (of  capacitance  C).  In  one  half 
of  a  cycle  of  this  resonant  tank  all  the  initially  stored 
energy  in  inductor  148  is  transferred  to  capacitor  160. 

45  After  that  diodes  154,  158  and  159  all  turn  off  and  the 
voltage  available  for  the  turn-on  of  the  next  motor  coil 
is  then  (VB  +  l0  VlC)  This  can  be  much  larger  than 
VB  itself  and  therefore  leads  to  a  more  rapid  build  up 
of  the  current  in  the  next  motor  inductor  to  be  switched 
on. 

In  practice  the  situation  is  more  complex  that  that 
just  described,  although  the  circuit  used  is  precisely 
as  shown  in  Figure  18.  The  commutation  cycle  em- 
ployed  has  only  one  coil  turned  on  at  a  time,  with  ex- 

55 act  coincidence  of  the  turn-on  and  turn-off  signals  to 
the  power  transistors  151,  152  and  153.  Theoretically 
the  total  field  switching  time  (decay  of  one  coil  and 
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build  up  of  the  next)  is  given  by  T  =  0.7tcVlC  .  How- 
ever,  this  time  is  not  observed  in  practice  since  there 
are  inevitably  significant  eddy-current  and  other  loss- 
es  in  both  the  platen  and  the  motor  cores.  This  means 
that  all  the  magnetic  field  energy  is  not  automatically 
transferred  from  one  coil  to  the  next  and  the  differ- 
ence  has  to  be  supplied  through  diode  161,  which 
takes  additional  time.  However,  speedups  of  a  factor 
of  2  or  3  are  obtainable  in  practical  situation. 

Two  f  urtherfeatures  of  Figure  1  8  are  noteworthy. 
First,  since  only  one  coil  is  on  at  a  time,  the  common 
resistor  162  provides  current  feedback  information  for 
all  the  coils  and  is  used  in  a  current  servo.  Second  it 
is  clearthat  the  sequence  of  the  powering  of  coils  148, 
149,  150  is  immaterial  to  the  operation  of  the  system. 
However,  this  corresponds  precisely  to  reversal  of  the 
motor,  i.e.,  motor  reversals  are  handled  automatically. 

As  a  final  point  it  should  be  noted  that  all  of  the 
preceding  has  concentrated  on  three  phase  motors 
and  the  corresponding  use  of  triples  of  capacitive 
pickup  electrodes.  However,  it  will  be  obvious  to 
those  skilled  in  the  art  how  to  modify  the  methods 
presented  to  handle  motors  of  different  designs  with 
different  numbers  of  phases.  It  should  also  be  appa- 
rent  that  one  can  produce  the  desired  sinusoidal  sig- 
nals  in  the  measurement  direction  with  a  number  of 
different  periods  and  phase  offsets  of  the  capacitive 
elements  and/or  footprints  of  electromagnetic  cores. 

Claims 

1  .  A  motor  comprising: 
a  plurality  of  electromagnetic  elements  (1, 

2,  3)  defining  a  first  surface  with  poles  on  said 
electromagnetic  elements  facing  said  first  sur- 
face; 

a  predominantly  ferromagnetic  member 
(4)  defining  a  second  surface  essentially  parallel 
to  said  first  surface  but  spatially  modulated  in  one 
or  more  directions  of  intended  relative  motion  be- 
tween  said  elements  and  said  member; 

said  elements  being  organized  in  groups 
corresponding  to  a  desired  number  of  phases  of 
excitation  of  the  motor,  the  pole  spacing  of  each 
of  said  elements  matching  a  spatial  modulation  of 
said  member  in  a  first  direction,  the  inter-element 
spacing  of  said  elements  in  said  first  direction  be- 
ing  equal  to  an  integral  multiple  of  the  period  of 
the  spatial  modulation  in  said  first  direction  divid- 
ed  by  the  number  of  phases; 

means  (85-90,  134-139)  for  establishing 
multi-phase  electromagnetic  fields  between  said 
member  and  said  elements  to  provide  motive 
force  in  at  least  one  of  said  directions; 

means  (8,  10)  for  detecting  the  position  of 
said  elements  with  respect  to  said  member;  and 

means  responsive  to  said  detecting 
means  for  commutating  said  multi-phase  fields  to 
provide  substantial  continuity  of  said  motive 
force; 

5  CHARACTERIZED  IN  THAT 
said  poles  and  said  member  are  electrical- 

ly  conducting;  and  said  detecting  means  compris- 
es: 

means  (8,  10,  31-36)  for  sensing  capaci- 
10  tive  effects  between  said  poles  and  the  spatial 

modulation  in  said  member. 

2.  A  motor  according  to  claim  1  ,  wherein 
first  groups  (120,  122)  and  second  groups 

15  (121,  123)  of  said  electromagnetic  elements 
have  said  poles;  said  ferromagnetic  member  (4) 
has  said  spatial  modulation  in  respective  first  and 
second  orthogonal  selected  directions;  the  field 
establishing  means  is  adapted  to  provide  motion 

20  in  either  or  both  of  said  selected  directions;  and 
the  sensing  means  comprises  means  for  sensing 
changing  capacitive  effect  with  respect  to  incre- 
mental  motion  in  both  of  said  directions. 

25  3.  A  motor  according  to  claim  2,  wherein 
the  electromagnetic  elements  in  each  of 

the  first  and  second  groups  have  first  and  second 
respective  characteristic  periods  in  the  first  and 
second  respective  directions  and  have  respec- 

30  tive  dimensions  in  the  second  and  first  directions, 
respectively,  equal  to  an  integral  number  of  the 
second  and  first  characteristic  periods,  respec- 
tively  to  render  them  insensitive  to  incremental 
motion  in  the  respective  second  and  first  direc- 

35  tions. 

4.  A  motor  according  to  claim  1  ,  wherein 
said  ferromagnetic  member  comprises  a 

first  material  and  is  spatially  modulated  with  re- 
40  spect  to  the  second  surface  by  a  regular  array  of 

inclusions  of  second  material,  said  first  and  sec- 
ond  materials  providing  a  pattern  of  conducting 
and  non-conducting  areas. 

45  5.  A  motor  according  to  claim  4,  wherein 
the  first  material  is  a  ferromagnetic  con- 

ductor  and  the  second  material  is  a  dielectric. 

6.  A  motor  according  to  claim  1  ,  wherein 
so  said  electromagnetic  elements  and  said 

ferromagnetic  member  are  arranged  to  have  said 
first  surface  be  essentially  planar. 

7.  A  motor  according  to  claim  1  ,  wherein 
55  said  electromagnetic  elements  and  said 

ferromagnetic  member  are  arranged  to  have  said 
first  surface  be  essentially  cylindrical  and  to  have 
the  selected  direction  be  different  at  any  moment 
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for  different  pluralities  of  said  elements  but  to  be 
always  tangent  to  said  first  surface. 

8.  A  motor  according  to  claim  1  ,  wherein 
the  means  for  establishing  multi-phase 

fields  comprises  field  windings  (61)  on  said  ele- 
ments  (60),  and 

said  sensing  means  comprises: 
a  multifilar  transformer  (62,  63,  64,  65) 

having  a  winding  (64)  connected  to  each  element 
and  a  pair  of  windings  (62,  63)  connected  to  op- 
posite  ends  of  each  field  winding  in  bucking  ori- 
entation  to  reduce  the  effective  of  parasitic  ca- 
pacitances  between  said  field  winding  and  said 
elements  and  said  ferromagnetic  member,  said 
pair  of  windings  simultaneously  reducing  the  ef- 
fect  of  establishment  of  the  multi-phase  fields 
upon  the  transformer  action  of  the  multifilar 
transformer. 

Patentanspruche 

1  .  Motor  mit  folgenden  Merkmalen: 
eine  Mehrzahl  von  elektromagnetischen  Ele- 
menten  (1,  2,  3)  bestimmt  eine  erste  Oberflache 
mit  Polen  an  den  elektromagnetischen  Elemen- 
ten  gegenuber  der  ersten  Oberflache; 
ein  vorwiegend  ferromagnetisches  Teil  (4)  be- 
stimmt  eine  zweite  Oberflache,  die  im  wesentli- 
chen  parallel  zur  ersten  Oberflache  verlauft, 
aberraumlich  ineineroder  mehreren  Richtungen 
derbeabsichtigten  relativen  Bewegung  zwischen 
den  Elementen  und  dem  Teil  moduliert  ist; 
die  Elemente  sind  in  Gruppen  entsprechend  ei- 
ner  gewunschten  Anzahl  von  Erregungsphasen 
des  Motors  organisiert,  der  Polabstand  der  jewei- 
ligen  Elemente  palit  zu  der  raumlichen  Modulie- 
rung  des  Teils  in  einer  ersten  Richtung,  derZwi- 
schenabstand  der  Elemente  untereinander  in  der 
ersten  Richtung  ist  gleich  einem  ganzzahligen 
Vielfachen  der  Periode  der  raumlichen  Modulati- 
on  in  der  ersten  Richtung,  geteilt  durch  die  An- 
zahl  der  Phasen; 
eine  Einrichtung  (85-90,  1  34-1  39)  zur  Erzeugung 
vielphasiger  elektromagnetischer  Felder  zwi- 
schen  dem  Teil  und  den  Elementen  liefert  Motor- 
kraft  in  mindestens  einer  der  Richtungen; 
eine  Feststelleinrichtung  (8,  10)  dient  zur  Fest- 
stellung  der  Stellung  der  Elemente  mit  Bezug  auf 
das  Teil  und  eine  Kommutationseinrichtung 
spricht  auf  die  Feststelleinrichtung  an  und  kom- 
mutiert  die  vielphasigen  Felder,  urn  im  wesentli- 
chen  eine  Kontinuitat  der  Motorkraft  zu  liefern, 
dadurch  gekennzeichnet, 
dali  die  Pole  und  das  Teil  elektrisch  leitend  sind 
und  daft  die  Feststelleinrichtung  eine  Einrichtung 
(8,  10,  31-36)  zur  Abtastung  kapazitiver  Effekte 

zwischen  den  Polen  und  der  raumlichen  Modula- 
tion  des  Teils  abtastet. 

2.  Motor  nach  Anspruch  1  , 
5  dadurch  gekennzeichnet, 

dali  erste  Gruppen  (120,  122)  und  zweite  Grup- 
pen  (121,  123)  der  elektromagnetischen  Elemen- 
te  Pole  aufweisen,  dali  das  ferromagnetische  Teil 
(4)  die  raumliche  Modulation  mit  Bezug  auf  erste 

10  und  zweite,  senkrechtzueinanderstehende,  aus- 
gewahlte  Richtungen  aufweist,  dali  die  Felder- 
zeugungseinrichtung  zur  Erzeugung  von  Bewe- 
gung  in  entweder  einer  oder  beiden  ausgewahl- 
ten  Richtungen  ausgebildet  ist  und 

15  dali  die  Abtasteinrichtung  eine  den  sich  andern- 
den  kapazitiven  Effekt  abtastende  Einrichtung 
mit  Bezug  auf  schrittweise,  in  beide  Richtungen 
erfolgende  Bewegungen  aufweist. 

20  3.  Motor  nach  Anspruch  2, 
dadurch  gekennzeichnet, 
dali  die  elektromagnetischen  Elemente  in  den  je- 
weiligen  ersten  und  zweiten  Gruppen  jeweils  er- 
ste  und  zweite  charakteristische  Perioden  in  der 

25  ersten  bzw.  der  zweiten  Richtung  aufweisen  und 
in  der  ersten  bzw.  der  zweiten  Richtung  Abmes- 
sungen  aufweisen,  die  gleich  einer  ganzzahligen 
Anzahl  der  zweiten  bzw.  der  ersten  charakteristi- 
schen  Periode  darstellen,  urn  diese  gegenuber 

30  schrittweisen  Bewegungen  in  der  jeweiligen 
zweiten  bzw.  ersten  Richtung  unempfindlich  zu 
machen. 

4.  Motor  nach  Anspruch  1  , 
35  dadurch  gekennzeichnet, 

dali  das  ferromagnetische  Teil  ein  erstes  Material 
aufweist  und  raumlich  mit  Bezug  auf  die  zweite 
Oberflache  durch  eine  regelmaliige  Anordnung 
von  Einschlussen  eines  zweiten  Materials  modu- 

40  liert  ist  und 
dali  die  ersten  und  zweiten  Materialien  ein  Mu- 
ster  von  leitenden  und  nichtleitenden  Bereichen 
bilden. 

45  5.  Motor  nach  Anspruch  4, 
dadurch  gekennzeichnet, 
das  das  erste  Material  ein  ferromagnetischer  Lei- 
ter  und  das  zweite  Material  ein  Dielektrikum  ist. 

so  6.  Motor  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
dali  die  elektromagnetischen  Elemente  und  das 
ferromagnetische  Teil  so  angeordnet  sind,  dali 
die  erste  Oberflache  im  wesentlichen  eben  ist. 

55 
7.  Motor  nach  Anspruch  1  , 

dadurch  gekennzeichnet, 
dali  die  elektromagnetischen  Elemente  und  das 

8 
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ferromagnetische  Teil  so  angeordnet  sind,  dali 
die  erste  Oberflache  im  wesentlichen  zylindrisch 
ist  und  dali  die  ausgewahlte  Richtung  zu  jedem 
Augenblick  fur  unterschiedliche  Mehrzahlen  der 
Elemente  unterschiedlich  ist,  jedoch  immer  zur 
ersten  Oberflache  eine  Tangente  bildet. 

8.  Motor  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
dali  die  Einrichtung  zur  Erzeugung  vielphasiger 
Felder  Feldwindungen  (61)  an  den  Elementen 
(60)  aufweist  und  dali  die  Abtasteinrichtung  ei- 
nen  Vielleiter-Transformator  (62,  63,  64,  65)  auf- 
weist,  der  eine  mit  dem  jeweiligen  Element  ver- 
bundene  Wicklung  (64)  und  zwei  mit  den  entge- 
gengesetzten  Enden  der  jeweiligen  Feldwicklung 
verbundene  Wicklung  (62,  63)  in  entgegenge- 
setzten  Wirkungsrichtungen  aufweist,  urn  die 
Wirkung  von  Storkapazitaten  zwischen  den  Feld- 
wicklungen  und  den  Elementen  und  dem  ferro- 
magnetischen  Teil  zu  verringern,  und 
dali  die  beiden  Wicklungen  gleichzeitig  die  Aus- 
wirkung  der  Erzeugung  der  Vielphasenfelderauf 
die  Transformatorwirkung  des  vielleitrigen  Trans- 
formators  verringern. 

Revendications 

1.  Moteur  comprenant: 
une  pluralite  d'elements  electromagneti- 

ques  (1,  2,  3)  definissant  une  premiere  surface 
avec  des  poles  sur  lesdits  elements  electroma- 
gnetiques  faisant  face  a  ladite  premiere  surface; 

un  organe  a  predominance  ferromagneti- 
que  (4)  definissant  une  deuxieme  surface  essen- 
tiellement  parallele  a  ladite  premiere  surface 
mais  module  dans  I'espace  dans  une  ou  plu- 
sieurs  directions  de  mouvement  relatif  intention- 
nel  entre  lesdits  elements  et  ledit  organe; 

lesdits  elements  etant  organises  en  grou- 
pes  correspondant  a  un  nombre  desire  de  phases 
d'excitation  du  moteur,  I'ecartement  des  poles  de 
chacun  desdits  elements  s'accordant  avec  une 
modulation  spatiale  dudit  organe  dans  une  pre- 
miere  direction,  I'ecartement  inter-elements  des- 
dits  elements  dans  ladite  premiere  direction  etant 
egal  a  un  multiple  entier  de  la  periode  de  la  mo- 
dulation  spatiale  dans  ladite  premiere  direction 
divise  par  le  nombre  de  phases; 

un  moyen  (85  -  90,  134  -  139)  pouretablir 
des  champs  electromagnetiques  multiphases 
entre  ledit  organe  et  lesdits  elements  pourfournir 
une  force  motrice  dans  au  moins  une  desdites  di- 
rections; 

un  moyen  (8,  10)  pourdetecter  la  position 
desdits  elements  par  rapport  audit  organe;  et 

un  moyen  sensible  audit  moyen  de  detec- 

tion  pour  commuter  lesdits  champs  multiphases 
pourfournir  une  continuity  substantielle  de  ladite 
force  motrice; 

caracterise  en  ce  que 
5  lesdits  poles  et  ledit  organe  sont  electri- 

quement  conducteurs;  et  ledit  moyen  de  detec- 
tion  comprend: 

un  moyen  (8,  10,  31  -  36)  pour  capter  les 
effets  capacitifs  entre  lesdits  poles  et  la  modula- 

10  tion  spatiale  dans  ledit  organe. 

2.  Moteur  selon  la  revendication  1  ,  dans  lequel  les 
premiers  groupes  (120,  122)  et  les  deuxiemes 
groupes  (121,  123)  desdits  elements  electroma- 

15  gnetiques  comportent  lesdits  poles;  ledit  organe 
ferromagnetique  (4)  a  une  dite  modulation  spatia- 
le  dans  la  premiere  et  la  deuxieme  directions  or- 
thogonales  respectives  choisies;  le  moyen  d'eta- 
blissement  du  champ  est  adapte  pour  fournir  un 

20  deplacement  dans  I'une  quelconque  ou  les  deux 
desdites  directions  choisies;  et  le  moyen  de  cap- 
tage  comprend  un  moyen  pour  capter  le  change- 
ment  d'effet  capacitif  par  rapport  a  un  deplace- 
ment  croissant  dans  lesdites  deux  directions. 

25 
3.  Moteur  selon  la  revendication  2,  dans  lequel  les 

elements  electromagnetiques  dans  chacun  des 
premiers  et  des  deuxiemes  groupes  ont  une  pre- 
miere  et  une  deuxieme  periodes  caracteristiques 

30  respectives  dans  la  premiere  et  la  deuxieme  di- 
rections  respectives  et  ont  des  dimensions  res- 
pectives  dans  la  deuxieme  et  la  premiere  direc- 
tions,  respectivement,  egales  a  un  nombre  entier 
des  deuxieme  et  premiere  periodes  caracteristi- 

35  ques,  respectivement,  pour  les  rendre  insensi- 
bles  au  deplacement  croissant  dans  les  deuxie- 
me  et  premiere  directions  respectives. 

4.  Moteur  selon  la  revendication  1  ,  dans  lequel  ledit 
40  organe  ferromagnetique  comprend  un  premier 

materiau  et  est  module  dans  I'espace  par  rapport 
a  la  deuxieme  surface  par  une  disposition  regu- 
liere  d'inclusions  d'un  deuxieme  materiau,  lesdits 
premier  et  deuxieme  materiaux  fournissant  un 

45  motif  de  zones  conductrices  et  non-conductri- 
ces. 

5.  Moteur  selon  la  revendication  4,  dans  lequel  le 
premier  materiau  est  un  conducteurferromagne- 

50  tique  et  le  deuxieme  materiau  est  un  dielectrique. 

6.  Moteur  selon  la  revendication  1  ,  dans  lequel  les- 
dits  elements  electromagnetiques  et  ledit  organe 
ferromagnetique  sont  disposes  pour  que  ladite 

55  premiere  surface  soit  essentiellement  plane. 

7.  Moteur  selon  la  revendication  1  ,  dans  lequel  les- 
dits  elements  electromagnetiques  et  ledit  organe 

9 
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ferromagnetique  sont  disposes  pour  que  ladite 
premiere  surface  soit  essentiellement  cylindrique 
et  pour  que  la  direction  choisie  soit  differente  a 
n'importe  quel  moment  pour  des  pluralites  diffe- 
rentes  dedits  elements  mais  pour  etre  toujours  5 
tangents  a  ladite  premiere  surface. 

8.  Moteur  selon  la  revendication  1,  dans  lequel  le 
moyen  pour  etablir  des  champs  multiphases 
comprend  des  bobinages  inducteurs  (61)  surles-  10 
dits  elements  (60),  et 

ledit  moyen  de  captage  comprend: 
un  transformateur  multif  ilaire  (62,  63,  64, 

65)  ayant  un  bobinage  (64)  connecte  a  chaque 
element  et  une  paire  de  bobinages  (62,  63)  15 
connectes  a  des  extremites  opposees  de  chaque 
bobinage  inducteur  dans  une  orientation  de 
compensation  pour  reduire  I'effet  des  capacites 
parasites  entre  ledit  bobinage  inducteur  et  lesdits 
elements  et  ledit  organe  ferromagnetique,  ladite  20 
paire  de  bobinages  reduisant  simultanement  I'ef- 
fet  de  I'etablissement  des  champs  multiphases 
sur  Taction  transformateur  du  transformateur 
multifilaire. 

25 
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