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Description 

This  invention  relates  to  linear  displacement 
transducers. 

Such  transducers  are  used  to  provide  an  elec- 
trical  output  signal  which  varies  with  linear  dis- 
placement  of  a  mechanical  element.  Thus,  for  ex- 
ample,  the  output  signal  may  vary  in  dependence 
on  the  position  of  a  piston  relative  to  a  cylinder  in  a 
hydraulic  actuator. 

Examples  of  transducers  which  seek  to  provide 
linearity  in  the  output  signal  variation  with  displace- 
ment  are  provided  in  DE-A-3534460,  US-A- 
3891918  and  DE-A-2025734.  In  DE-A-3534460  a 
measuring  coil  is  wound  around  a  cylindrical  for- 
mer  which  is  fitted  inside  a  measuring  tube  with 
conically  widened  opposing  ends.  The  coil  is  dis- 
placed  relative  to  a  measuring  core  and  the  posi- 
tion  of  the  core  within  the  measuring  tube  is  ad- 
justed  axially  to  compensate  for  linearity  errors. 
The  transducer  of  US-A-3891918  is  a  variable  os- 
cillator  whose  average  period  varies  as  a  linear 
function  of  displacement.  DE-A-2025734  discloses 
a  transducer  in  which  a  measuring  coil  is  displace- 
able  relative  to  a  metallic  part  and  the  total  imped- 
ance  of  the  coil  is  measured.  The  transducer  is 
designed  so  that  the  inductive  component  of  the 
impedance  is  insignificant  relative  to  the  ohmic 
component,  the  ratio  of  the  two  components  not 
exceeding  an  upper  limit  of  0.1  to  achieve  the 
desired  results. 

According  to  the  present  invention  there  is 
provided  a  linear  displacement  transducer  compris- 
ing: 
a  winding;  and 
a  magnetic  core  which  is  linearly  displaceable  rela- 
tive  to  said  winding; 
characterized  by: 
means  for  energizing  said  winding  with  a  constant 
RMS  alternating  current  of  a  frequency  sufficiently 
high  that  the  inductive  reactance  of  the  magnetic 
core  is  not  dominant  over  the  resistive  losses  in  the 
magnetic  core,  whereby  the  losses  in  said  mag- 
netic  core  cause  the  voltage  across  said  winding  in 
phase  with  the  current  to  vary  substantially  linearly 
relative  to  the  linear  displacement  of  said  magnetic 
core;  and  synchronous  demodulator 
means  for  measuring  the  voltage  across  said  wind- 
ing  in  phase  with  the  current. 

The  winding  may  be  a  single  layer  helical 
winding  wound  on  a  straight  tubular  former.  The 
magnetic  core  may  be  a  straight  cylindrical  metal 
rod  which  penetrates  axially  into  the  interior  of  the 
tubular  former  to  an  extent  dependent  on  the  linear 
displacement  of  a  mechanical  element,  to  which 
the  rod  may  be  directly  secured,  and  the  position 
of  which  is  to  be  monitored  by  the  transducer. 

The  frequency  of  the  alternating  current  may 
be  in  the  range  10  to  20  kHz.  If  a  frequency  lower 
than  10  kHz  is  used,  then  the  inductive  reactance 
of  the  magnetic  core  may  become  dominant  over 

5  the  resistive  losses,  and  the  voltage  across  the 
winding  in  phase  with  the  current  does  not  then 
vary  substantially  linearly  relative  to  the  linear  dis- 
placement  of  the  magnetic  core.  If  a  frequency 
higher  than  20  kHz  is  used,  then  the  circuitry 

io  necessary  to  measure  the  voltage  across  the  wind- 
ing  becomes  relatively  expensive. 

The  invention  will  now  be  further  described  by 
way  of  example  with  reference  to  the  accompany- 
ing  drawings  throughout  which  like  parts  are  re- 

75  ferred  to  by  like  references,  and  in  which: 
Figure  1  is  a  cross-section  of  part  of  an  embodi- 
ment  of  linear  displacement  transducer  accord- 
ing  to  the  present  invention; 
Figure  2  is  a  block  circuit  diagram  of  the  em- 

20  bodiment; 
Figures  3  to  5  are  vector  diagrams; 
Figure  6  is  a  graph  of  temperature  coefficient 
against  displacement; 
Figure  7  shows  part  of  the  block  circuit  diagram 

25  of  Figure  2  in  more  detail; 
Figure  8  shows  a  block  circuit  diagram  of  a 
modified  embodiment;  and 
Figure  9  is  a  diagram  for  explaining  the  opera- 
tion  of  the  embodiment  of  Figure  8. 

30  Referring  to  Figure  1,  the  embodiment  of  the 
transducer  comprises  a  single  layer  longitudinally- 
extending  helical  winding  1  wound  on  a  straight 
tubular  former  2  made  of  stainless  steel.  The  wind- 
ing  1  is  impregnated  with  resin  and  encircled  by  a 

35  tubular  magnetic  screen  3  made  of  suitable  screen- 
ing  material  such  as  nickel  iron  alloy  and  having 
radial  end  pieces  3a  and  3b.  A  relatively  short 
temperature  sensing  winding  4  is  wound  on  the 
former  2  adjacent  to  one  end  of  the  winding  1  and 

40  beyond  the  end  piece  3b.  The  elements  1  to  4  may 
be  enclosed  in  a  cylindrical  metal  case  5  for  pro- 
tection.  A  magnetic  core  6  in  the  form  of  a  cylin- 
drical  metal  rod  made  of  high  permeability  material 
such  as  nickel  iron  alloy  penetrates  axially  into  the 

45  interior  of  the  former  2,  in  which  it  is  a  loose  sliding 
fit,  to  an  extent  dependent  on  the  linear  displace- 
ment  of  a  mechanical  element,  such  as  a  piston  of 
a  hydraulic  actuator,  to  which  the  core  6  is  fixed. 
The  core  6  may  be  up  to  20%  longer  than  the 

50  winding  1.  At  one  extreme  position,  the  core  6  may 
penetrate  up  to  95%  of  the  full  length  of  the 
winding  1,  while  at  the  other  extreme  position  the 
core  6  may  penetrate  up  to  10%  of  the  full  length 
of  the  winding  1  . 

55  Referring  to  Figure  2,  the  circuit  of  the  embodi- 
ment  comprises  an  input  supply  terminal  11  by 
way  of  which  a  power  source  is  connected  to  a 
supply  regulation  and  transient  suppression  circuit 
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12  from  which  supplies  are  provided  for  a  constant 
RMS  current  generator  13  of  frequency  10  to  20 
kHz,  a  constant  direct  current  generator  14,  a  syn- 
chronous  demodulator  15,  a  temperature  coefficient 
compensation  circuit  16,  an  offset  adjustment  cir- 
cuit  17  and  a  span  adjustment  circuit  18.  Although 
not  shown,  the  supply  circuit  12  may  provide  a 
split-rail  supply  for  the  temperature  coefficient 
compensation  circuit  16  and  the  elements  to  the 
left  thereof  in  Figure  2,  and  a  single-rail  supply  for 
the  remaining  elements.  The  output  of  the  RMS 
generator  13  is  connected  across  the  series  com- 
bination  of  the  winding  1  and  a  resistor  RA.  The 
output  of  the  dc  generator  14  is  connected  across 
the  series  combination  of  the  temperature  sensing 
winding  4  and  a  resistor  RB.  The  required  output  is 
derived  by  the  synchronous  demodulator  15,  and  is 
supplied  to  the  series-connected  temperature  co- 
efficient  compensation  circuit  16,  offset  adjustment 
circuit  17  and  span  adjustment  circuit  18,  to  pro- 
vide  a  final  output  across  terminals  19. 

In  operation,  a  constant  RMS  alternating  cur- 
rent  IS  with  a  sinusoidal  waveform  is  applied 
across  the  series  combination  of  the  winding  1  and 
the  resistor  RA.  As  the  voltage  VRA  across  the 
resistor  RA  is  in  phase  with  the  current  IS,  it  is 
used  as  a  synchronization  signal  for  the  synchro- 
nous  demodulator  15.  Displacement  of  the  core  6 
within  the  winding  1  affects  the  impedance  of  the 
winding  1  ,  and  as  the  impedance  varies  the  voltage 
VS  developed  across  the  series  combination  of  the 
winding  1  and  the  resistor  RA  varies  consequen- 
tially,  due  to  the  constant  current  nature  of  the 
supply.  The  voltage  VS  is  phase  shifted  from  the 
current  IS,  and  the  voltage  vector  in  phase  with  the 
current  IS  is  linearly  proportional  to  the  linear  dis- 
placement  of  the  core  6. 

Referring  now  to  Figure  3,  this  is  a  vector 
diagram  showing  the  voltages  associated  with  the 
winding  1,  with  the  current  IS  being  taken  as  the 
reference  vector  and  with  the  core  6  in  a  fixed 
position.  The  references  used  in  Figure  3  are  as 
follows: 

VX1  the  reactive  part  of  the  voltage 
across  the  winding  1  due  to  the  in- 
ductive  reactance  of  the  winding  1 

VX2  the  reactive  part  of  the  voltage  in- 
duced  across  the  winding  1  due  to 
the  presence  of  the  core  6 

VXT  the  total  reactive  voltage  across  the 
winding  1  (VX1  +VX2) 

VRdc  the  voltage  across  the  winding  1  due 
to  the  dc  resistance  of  the  winding  1 

VRIoss  the  resistive  part  of  the  voltage  in- 
duced  across  the  winding  1  due  to 
losses  within  the  core  material  6 

VRT  the  total  resistive  voltage  across  the 
winding  1  (VRdc  +  VRIoss) 
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H  the  magnetic  field 
B  (  $  )  the  magnetic  flux 
a  the  loss  angle  associated  with  the 

magnetic  material  of  the  core  6  (H- 
5  B) 

Vind  the  total  induced  voltage  due  to  the 
presence  of  the  core  6  (vector  sum 
of  VRIoss  +  VX2) 

VZT  the  voltage  across  the  winding  1  due 
io  to  the  total  impedance  (vector  sum  of 

VRT  +  VXT). 
With  the  core  6  in  a  fixed  position,  the  current 

IS  has  associated  with  it  the  magnetic  field  H  which 
is  in  phase  with  the  current  IS.  Due  to  the  high 

is  frequency  of  the  current  IS,  the  magnetic  flux  B  (  $ 
)  lags  the  current  IS  by  the  angle  a.  This  devel- 
oped  magnetic  flux  B  (  $  )  then  induces  the  voltage 
Vind  in  the  winding  1,  which  is  at  90°  to  the 
magnetic  flux  B  (  $  ),  and  this  induced  voltage  Vind 

20  is  added  to  the  initial  voltages  VX1  and  VRdc  to 
give  the  total  voltage  VZT  across  the  winding  1. 
This  total  voltage  VZT  is  not  in  phase  with  the 
current  IS,  but  is  related  to  the  voltages  VXT  and 
VRT.  As  the  core  6  moves  within  the  winding  1  the 

25  amount  of  high  permeability  magnetic  material 
within  the  winding  1  varies,  so  the  magnetic  flux  B 
(  $  )  changes.  As  the  magnetic  flux  B  (  $  ) 
increases,  so  the  induced  voltage  Vind  will  increase 
and  therefore  the  total  voltage  VZT  will  increase. 

30  It  is  found  that  the  voltage  in  phase  with  the 
current  IS  varies  substantially  linearly  with  respect 
to  movement  of  the  core  6.  This  in-phase  voltage 
variation  is  due  to  the  induced  voltage  VRIoss.  As 
the  voltage  VRIoss  in  phase  with  the  current  IS  is 

35  substantially  linear  with  displacement  of  the  core  6, 
the  synchronous  demodulator  15  can  be  used  to 
demodulate  the  voltage  signal  derived  from  across 
the  winding  1.  The  synchronous  demodulator  15 
will  derive  a  dc  voltage  proportional  to  the  in-phase 

40  component  VRIoss. 
Referring  to  Figure  4  which  shows  the  vector 

relationship  between  VRIoss  and  VP,  the  peak  volt- 
age,  the  output  of  the  synchronous  demodulator  15 
is  given  by: 

45 
2VpCOS  a h  

that  is: 

50  2VRIoss/t7 

Corresponding  to  Figure  3,  the  final  impedance 
triangle  is  as  shown  in  Figure  5.  As  previously 
mentioned,  the  resistive  voltage  term  VRT  is  linear 

55  with  core  displacement,  whereas  the  inductive  volt- 
age  term  VXT  is  not  linear.  The  inductive  leg  of  the 
triangle  of  Figure  5  exerts  its  non-linear  effect  on 
the  total  impedance  ZT. 
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The  operation  of  the  temperature  coefficient 
circuit  16  will  now  be  described.  The  temperature 
coefficient  of  the  transducer  if  no  compensation  is 
provided  will  generally  be  rather  poor,  as  indicated 
in  Figure  6,  in  which  the  temperature  coefficient  is 
shown  as  varying  from  A  at  zero  displacement  of 
the  core  6  to  B  at  maximum  displacement. 

The  temperature  coefficient  can  be  minimized 
using  the  resistor  RA.  If  there  were  no  resistor  RA, 
then  the  temperature  coefficient  with  the  core  6  at 
zero  displacement  would  be  due  to  the  winding  1 
only.  The  change  A  Rcoil  of  the  resistance  of  the 
winding  1  would  be  given  by: 

Rcoil.TW.AT/10G 

where: 
Rcoil  is  the  resistance  of  the  winding  1 
TW  is  the  temperature  coefficient  of  the  wire  of 

the  winding  1  in  ppm/°C 
AT  is  the  temperature  rise  in  °  C 
With  the  resistor  RA  in  the  circuit,  the  tempera- 

ture  coefficient  is  due  to  the  resistance  not  only  of 
the  winding  1,  but  also  of  the  resistor  RA  as 
follows: 

A  RT  =  Rcoil.TW.AT/10G  +  RA.TR.AT/1  0G 

where: 
TR  is  the  temperature  coefficient  of  RA 
A  RT  is  the  overall  temperature  coefficient 

If  RA=  Rcoil  for  example: 

A  RT  =  Rcoil.TW.AT/10G  +  Rcoil.TR.AT/10G 
A  RT  =  Rcoil.AT(.TW  +  TR)/10G 

The  total  resistance  is  now  2Rcoil 
therefore: 

A  R  =  2RcoilAT(TW  +  TR/2)/10G 

As  RA  will  normally  have  a  temperature  coeffi- 
cient  of  50  ppm/°C  and  Rcoil  a  coefficient  of  3900 
ppm/°C  the  resulting  coefficient  would  be: 

R  =  (2*Rcoil*  AT/1  0G)*(1  975) 

A  considerable  reduction  from  3900  ppm/°C  to 
1975  ppm/°C  has  therefore  been  achieved.  The 
effect  of  the  resistor  RA  is  therefore  such  that  the 
offset  temperature  coefficient  A  has  been  reduced, 
but  the  temperature  coefficient  would  still  vary  over 
the  stroke  length. 

Referring  to  Figure  7,  which  shows  part  of  the 
circuit  of  Figure  2  in  more  detail,  there  are  two 
stages  involved  in  the  temperature  coefficient  com- 
pensation,  these  being  removal  of  the  temperature 
coefficient  offset  (A  in  Figure  6),  and  then  adjust- 

ment  of  the  gain  with  temperature  to  eliminate 
changes  in  the  temperature  coefficient  over  the 
displacement  range  of  the  core  6.  The  temperature 
coefficient  is  first  minimized  by  suitable  selection 

5  of  the  value  of  the  resistor  RA  in  series  with  the 
winding  1.  This  results  in  an  overall  coefficient 
which  has  the  same  form  as  Figure  6,  but  with  the 
offset  A  reduced  in  magnitude.  Removal  of  the 
temperature  coefficient  offset  will  be  described 

io  first.  The  temperature  sensing  coil  4  is  in  series 
with  the  resistor  RB  to  form  a  series  combination 
which  is  supplied  with  a  constant  dc.  The  voltage 
VB  developed  across  the  resistor  RB  provides  a 
feedback  signal  to  maintain  the  current  at  a  con- 

15  stant  level.  The  voltage  VK  developed  across  this 
series  combination  varies  with  temperature,  and  is 
taken  to  be  the  offset  voltage.  The  rate  at  which  the 
voltage  VK  changes  with  temperature  is  dependent 
on  the  dc  resistance  of  the  resistor  RB  and  of  the 

20  temperature  sensing  coil  4.  The  temperature  sens- 
ing  coil  4  typically  has  a  temperature  coefficient  of 
3900  ppm/°C,  whilst  that  of  the  resistor  RB  is 
typically  50  ppm/°C,  so  by  selection  of  suitable 
values  any  temperature  coefficient  is  possible  be- 

25  tween  50  ppm/°C  and  3900  ppm/°C  (this  method 
of  temperature  coefficient  selection  is  similar  to 
that  explained  earlier  for  the  resistor  RA  and  the 
winding  1).  Resistance  values  for  the  resistor  RB 
and  the  temperature  sensing  coil  4  are  selected 

30  such  that  the  combined  temperature  coefficient  ex- 
actly  matches  the  coefficient  offset  (A  in  Figure  6). 
The  actual  value  of  the  voltage  UK  can  be  changed 
by  adjustment  of  the  current  supplied  by  the  con- 
stant  dc  source  14  and  is  therefore  made  to  be 

35  exactly  the  same  as  the  voltage  output  of  the 
synchronous  demodulator  15  when  the  core  6  is  at 
zero  displacement.  The  output  signal  (a)  from  a 
subtractor  21,  which  is  equal  to  VD-VK,  where  VD 
is  the  demodulator  output,  results  in  an  overall 

40  temperature  coefficient  of  0  ppm/°C  at  zero  dis- 
placement.  However,  at  this  stage  the  gain  of  the 
transducer  would  still  vary  with  temperature,  and  in 
consequence  the  gain  must  be  adjusted  with  tem- 
perature  to  remove  the  change  of  coefficient  over 

45  the  displacement  range.  The  voltage  VK  is  adjusted 
at  the  subtractor  24  by  subtracting  a  fixed  voltage 
(b)  set  by  an  adjustment  circuit  25,  so  that  the 
offset  previously  set  by  the  constant  dc  source  14 
is  removed.  This  then  allows  a  higher  gain  to  be 

50  applied  by  the  next  stage  without  going  out  of 
range.  Gain  is  then  applied  by  an  amplifier  22  to 
increase  the  sensitivity,  and  the  output  signal  (c)  of 
the  amplifier  22  is  used  to  control  the  gain  of  an 
amplifier  23  through  which  the  signal  (a)  is  passed. 

55  With  increase  in  temperature,  the  effect  of  the 
signal  (c)  is  to  reduce  the  gain  of  the  amplifier  23 
at  the  same  rate  that  the  gain  of  the  transducer  is 
increasing,  so  that  the  transducer  is  then  com- 

4 
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pensated  for  changes  in  temperature  at  all  points  in 
the  core  displacement. 

Finally,  with  reference  to  Figure  2,  the  output 
from  the  temperature  coefficient  compensation  cir- 
cuit  16  is  passed  to  the  offset  adjustment  circuit  17 
and  the  span  adjustment  circuit  18.  The  transducer 
may  be  required  to  operate  between  defined  limits 
such  as  0.5  volts  at  zero  displacement  of  the  core 
6,  to  10.5  volts  at  full  displacement  of  the  core  6. 
The  offset  adjustment  circuit  17  adjusts  the  output 
of  the  transducer  to  be  0.5  volts  at  zero  displace- 
ment  of  the  core  6.  The  span  adjustment  circuit  18 
then  adjusts  the  gain  of  the  circuit  such  that  at  full 
displacement  of  the  core  6  the  output  is  set  to  10.5 
volts. 

It  will  be  apparent  that  various  modifications 
can  be  made  to  the  configuration,  materials  and 
circuitry  used,  without  departing  from  the  present 
invention.  For  example,  the  temperature  sensing 
winding  4  may  be  eliminated  if  the  winding  1  is 
used  both  for  displacement  measurement  of  the 
core  6,  and  for  temperature  compensation. 

Figure  8  shows  the  modified  circuit  required, 
comprising  the  winding  1  which  can  be  supplied 
via  a  switch  27  with  either  a  constant  RMS  current 
from  the  RMS  source  13  or  a  constant  direct  cur- 
rent  from  the  constant  direct  current  generator  14. 
Moreover,  the  winding  1  can  either  be  in  series 
with  the  resistor  RA  or  the  resistor  RB  under  con- 
trol  of  a  switch  28.  The  switches  27  and  28  are 
interconnected  such  that  if  the  switch  27  is  set  to 
the  RMS  source  13,  then  switch  28  selects  the 
resistor  RA,  and  conversely  if  the  switch  27  is  set 
to  the  dc  source  14,  then  the  switch  28  selects  the 
resistor  RB. 

The  output  developed  across  the  winding  1 
and  the  resistor  RA  is  fed  to  a  sample/hold  circuit 
29,  and  this  output  is  then  processed  by  the  syn- 
chronous  demodulator  15,  the  temperature  coeffi- 
cient  compensation  circuit  16,  the  offset  adjustment 
circuit  17,  and  the  span  adjustment  circuit  18,  the 
output  being  developed  across  the  terminals  19. 
The  output  developed  across  the  winding  1  and  the 
resistor  RB  is  fed  to  a  sample/hold  circuit  30  and 
this  output  is  then  processed  by  the  temperature 
coefficient  compensation  circuit  16. 

The  circuit  operates  as  follows,  with  reference 
to  Figure  9.  The  winding  1  is  operated  in  time- 
division  multiplex,  so  that  for  a  period  A  the  wind- 
ing  1  and  the  resistor  RA  are  energized  by  the 
constant  RMS  current  through  the  switches  27  and 
28.  The  sample/hold  circuit  29  then  passes  a  signal 
which  is  processed  by  the  synchronous  demodula- 
tor  15,  the  temperature  coefficient  compensation 
16,  the  offset  adjustment  circuit  17  and  the  span 
adjustment  circuit  18  as  previously  described. 

At  point  X,  the  sample/hold  circuit  29  is  set  to 
hold,  so  that  the.  value  of  displacement  is  held 

whilst  temperature  sensing  is  performed. 
The  switches  27  and  28  are  then  switched,  so 

that  the  constant  direct  current  is  supplied  across 
the  winding  1  and  the  resistor  RB.  The  sample/hold 

5  circuit  30  then  derives  a  signal  to  be  passed  to  the 
temperature  coefficient  compensation  16  for  pro- 
cessing  as  described  above. 

At  point  Y,  the  sample/hold  circuit  30  is  set  to 
hold,  so  that  temperature  compensation  is  held 

io  while  the  displacement  sensing  is  again  performed. 
Operation  continues  in  this  time-division  mul- 

tiplex  manner. 

Claims 
15 

1.  A  linear  displacement  transducer  comprising: 
a  winding  (1);  and 
a  magnetic  core  (6)  which  is  linearly  displace- 
able  relative  to  said  winding  (1); 

20  characterized  by: 
means  (13)  for  energizing  said  winding  (1)  with 
a  constant  RMS  alternating  current  of  a  fre- 
quency  sufficiently  high  that  the  inductive  reac- 
tance  of  the  magnetic  core  (6)  is  not  dominant 

25  over  the  resistive  losses  in  the  magnetic  core 
(6),  whereby  the  losses  in  said  magnetic  core 
(6)  cause  the  voltage  across  said  winding  (1)  in 
phase  with  the  current  to  vary  substantially 
linearly  relative  to  the  linear  displacement  of 

30  said  magnetic  core  (6);  and  synchronous  de- 
modulator 
means  (15)  for  measuring  the  voltage  across 
said  winding  (1)  in  phase  with  the  current. 

35  2.  A  transducer  according  to  claim  1  wherein  said 
winding  (1)  is  a  single  layer  helical  winding 
wound  on  a  straight  tubular  former  (2). 

3.  A  transducer  according  to  claim  2  wherein  said 
40  magnetic  core  (6)  is  a  straight  cylindrical  metal 

rod  which  penetrates  axially  into  the  interior  of 
said  tubular  former  (2). 

4.  A  transducer  according  to  claim  1  ,  claim  2  or 
45  claim  3  wherein  the  frequency  of  said  alternat- 

ing  current  is  in  the  range  10  to  20  kHz. 

5.  A  transducer  according  to  any  one  of  the  pre- 
ceding  claims  wherein  a  temperature  sensing 

50  winding  (4)  is  disposed  adjacent  to  said  wind- 
ing  (1)  for  the  purpose  of  effecting  temperature 
control  of  an  output  voltage  derived  from  said 
voltage  across  said  winding  (1). 

55  6.  A  transducer  according  to  any  one  of  claims  1 
to  4  wherein  said  winding  (1)  is  used  in  time- 
division  multiplex  for  deriving  said  voltage 
across  said  winding  (1),  and  for  effecting  tem- 

5 



9 EP  0  339  759  B1 10 

perature  control  of  an  output  voltage  derived 
from  said  voltage  across  said  winding  (1). 

Patentanspruche 

1.  Linearer  Verschiebungswandler  mit: 
einer  Wicklung  (1),  und 
einem  Magnetkern  (6),  der  in  linearer  Rich- 

tung  relativ  zu  der  Wicklung  (1)  verschiebbar 
ist, 

gekennzeichnet  durch: 
eine  Einrichtung  (13),  urn  die  Wicklung  (1) 

mit  einem  Wechselstrom  von  konstantem  Ef- 
fektivwert  und  einer  Frequenz  zu  erregen,  die 
ausreichend  grofi  ist  so  dal3  die  induktive  Re- 
aktanz  des  Magnetkernes  (6)  nicht  uber  die 
resistiven  Verluste  in  dem  Magnetkern  (6)  do- 
miniert,  wobei  die  Verluste  in  dem  Magnetkern 
(6)  bewirken,  dal3  die  Spannung  uber  der 
Wicklung  (1),  die  in  Phase  mit  dem  Strom  ist, 
im  wesentlichen  linear  relativ  zu  der  linearen 
Verschiebung  des  Magnetkernes  (6)  variiert, 
und 

eine  synchrone  Demodulatoreinrichtung 
(15)  fur  die  Messung  der  Spannung  uber  der 
Wicklung,  welche  in  Phase  mit  dem  Strom  ist. 

2.  Wandler  nach  Anspruch  1  ,  wobei  die  Wicklung 
(1)  eine  einschichtige,  schraubenformige  Wick- 
lung  ist,  die  auf  ein  gerades,  rohrformiges  Ko- 
pierlineal  (2)  bzw.  Formteil  gewickelt  ist. 

3.  Wandler  nach  Anspruch  2,  wobei  der  Magnet- 
kern  (6)  ein  gerader,  zylindrischer  Metallstab 
ist,  welcher  in  axialer  Richtung  in  das  Innere 
des  rohrformigen  Kopierlineals  (2)  eindringt. 

4.  Wandler  nach  Anspruch  1  ,  2  oder  3,  wobei  die 
Frequenz  des  Wechselstromes  in  dem  Bereich 
von  10  bis  20  kHz  liegt. 

5.  Wandler  nach  einem  der  vorstehenden  An- 
spruche,  wobei  eine  die  Temperatur  erfassen- 
de  Wicklung  (4)  neben  der  Wicklung  (1)  ange- 
ordnet  ist,  urn  eine  Temperaturregelung  einer 
von  der  an  der  Wicklung  (1)  anliegenden 
Spannung  abgeleiteten  Ausgangsspannung  zu 
bewirken. 

6.  Wandler  nach  einem  der  Anspruche  1  bis  4, 
wobei  die  Wicklung  (1)  in  einem  zeitaufgelo- 
sten  Multiplexverfahren  verwendet  wird,  urn  die 
Spannung  uber  der  Wicklung  (1)  abzuleiten 
und  urn  eine  Temperaturregelung  einer  Aus- 
gangsspannung  zu  bewirken,  die  von  dieser 
uber  der  Wicklung  (1)  liegenden  Spannung 
abgeleitet  wird. 

Revendicatlons 

1.  Transducteur  de  deplacement  lineaire,  com- 
prenant  : 

5  un  enroulement  (1)  ;  et 
un  noyau  magnetique  (6)  qui  peut  etre 

deplace  lineairement  par  rapport  audit  enroule- 
ment  (1)  ; 

caracterise  par  : 
io  un  moyen  (13)  pour  alimenter  ledit  enrou- 

lement  (1)  avec  un  courant  alternatif  efficace 
constant  d'une  frequence  suffisamment  elevee 
pour  que  la  reactance  inductive  du  noyau  ma- 
gnetique  (6)  ne  soit  pas  predominate  par  rap- 

15  port  aux  pertes  resistives  dans  le  noyau  ma- 
gnetique  (6)  ce  par  quoi  les  pertes  dans  ledit 
noyau  magnetique  (6)  font  que  la  tension,  aux 
bornes  dudit  enroulement  (1),  en  phase  avec  le 
courant  varie  sensiblement  lineairement  en 

20  fonction  du  deplacement  lineaire  dudit  noyau 
magnetique  (6)  ;  et, 

un  moyen  demodulateur  synchrone  (15) 
pour  mesurer  la  tension,  aux  bornes  dudit  en- 
roulement  (1),  en  phase  avec  le  courant. 

25 
2.  Transducteur  selon  la  revendication  1,  dans 

lequel  ledit  enroulement  (1)  est  un  enroule- 
ment  helicoidal  a  une  seule  couche  bobine  sur 
un  gabarit  tubulaire  rectiligne  (2). 

30 
3.  Transducteur  selon  la  revendication  2,  dans 

lequel  ledit  noyau  magnetique  (6)  est  une  tige 
metallique  cylindrique  rectiligne  qui  penetre 
axialement  a  I'interieur  dudit  gabarit  tubulaire 

35  (2). 

4.  Transducteur  selon  la  revendication  1,  la  re- 
vendication  2  ou  la  revendication  3,  dans  le- 
quel  la  frequence  dudit  courant  alternatif  est 

40  dans  la  plage  de  10  a  20  kHz. 

5.  Transducteur  selon  I'une  quelconque  des  re- 
vendications  precedentes,  dans  lequel  un  en- 
roulement  detecteur  de  temperature  (4)  est 

45  place  au  voisinage  dudit  enroulement  (1)  pour 
effectuer  une  compensation  en  fonction  de  la 
temperature  d'une  tension  de  sortie  obtenue  a 
partir  de  ladite  tension  aux  bornes  dudit  enrou- 
lement  (1). 

50 
6.  Transducteur  selon  I'une  quelconque  des  re- 

vendications  1  a  4,  dans  lequel  ledit  enroule- 
ment  (1)  est  utilise  en  multiplex  a  repartition 
dans  le  temps  pour  obtenir  ladite  tension  aux 

55  bornes  dudit  enroulement  (1)  et  pour  effectuer 
la  compensation  en  fonction  de  la  temperature 
d'une  tension  de  sortie  obtenue  a  partir  de 
ladite  tension  aux  bornes  dudit  enroulement 

6 
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