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Description 

BACKGROUND  OF  THE  INVENTION 

5  This  invention  relates  to  a  position  sensor  and  in  particular  to  a  sensor  of  the  type  that  senses  the  relative 
longitudinal  displacement  of  two  members  by  applying  a  signal  to  a  sensor  probe  and  measuring  an  electrical 
parameter  that  varies  in  proportion  to  the  relative  displacement  of  two  portions  of  the  probe. 

Automotive  ride  control  systems  provide  active  suspension  response  to  road  conditions  by  reacting  to  for- 
ces  tending  to  compress  the  suspension  members.  In  order  to  accomplish  this,  it  is  necessary  to  provide  a 

10  real  time  measurement  of  the  position  of  various  portions  of  the  suspension  system,  such  as  each  wheel  as- 
sembly,  with  respect  to  the  vehicle  frame.  Those  relative  position  variables  are  provided  as  an  input  to  a  ride 
control  computer,  which  dynamically  responds  by  adjusting  the  fluid  pressure  in  the  respective  shock  absorb- 
ers. 

One  preferred  location  for  such  a  position  sensor  is  internal  to  the  associated  shock  absorber,  where  the 
15  movement  of  each  wheel  assembly  may  be  monitored  by  the  relative  movement  of  the  telescoping  shock  ab- 

sorber  members.  The  environment  internal  to  a  shock  absorber  is  extremely  hostile,  subjecting  an  internally 
mounted  sensor  to  pressures  of  up  to  6500  psi  (1  psi  =  0.69  Ncrrr2)  and  temperatures  of  up  to  1  35°C.  Accord- 
ingly,  a  linear  position  sensor  located  internal  to  a  shock  absorber  must  be  compact  and  extremely  rugged  and 
durable  in  nature.  Even  when  located  external  of  the  shock  absorber,  such  a  position  sensor  used  with  an  au- 

20  tomotive  ride  control  system  will  be  exposed  to  a  severe  environment  which  requires  that  the  sensor  be  resis- 
tant  to  degradation  by  various  automotive  fluids  and  be  extremely  stable  under  wide  swings  in  ambient  tem- 
perature.  Additionally,  to  be  successful  in  the  automotive  field,  such  a  position  sensor  must  necessarily  be  in- 
expensive  to  produce,  be  reliable  in  performance  and  experience  very  little  wear  over  extended  periods. 

DE-A-2  914  083  discloses  a  position  sensor  for  measuring  displacements  between  relatively  moveable 
25  parts  comprising  primary  and  secondary  windings  wound  longitudinally  of  one  said  part  and  coupling  means 

in  the  form  of  a  sleeve  on  the  other  said  part  which  partially  surrounds  the  windings  for  varying  the  magnetic 
coupling  between  the  windings  during  relative  movement  of  the  parts. 

SUMMARY  OF  THE  INVENTION 
30 

According  the  present  invention,  as  defined  in  claim  1  a  linear  position  sensor  system  includes  a  sensor 
having  primary  and  secondary  windings,  and  coupling  adjustment  means  movable  with  the  member  whose 
position  is  to  be  sensed  for  varying  the  transformer  coupling  between  the  windings.  Each  of  the  windings  has 
an  elongated  core  and  a  coil  radially  wound  around  the  core.  Each  of  the  coils  includes  a  multiplicity  of  turns 

35  spaced  substantially  along  the  entire  length  of  the  respective  core.  The  cores  are  substantially  coextensively 
positioned. 

The  system  further  includes  circuit  means  including  means  for  applying  a  cyclically  varying  signal  to  the 
primary  winding  and  measuring  means  for  measuring  the  signal  developed  across  the  secondary  winding, 
which  is  coupled  from  the  primary  winding.  As  the  coupling  adjustment  means  is  repositioned  or  displaced 

40  along  with  the  member  whose  position  is  being  sensed,  the  change  in  transformer  coupling  between  the  wind- 
ings  causes  the  signal  developed  across  the  secondary  winding  to  vary  proportionately  to  the  amount  of  dis- 
placement  to  provide  a  representation  of  the  position  of  the  sensed  member. 

The  circumferentially  wound  coils  provide  the  capability  for  adjusting  or  tuning  the  linearity  of  the  sensor 
output  by  allowing  the  relative  spacing  between  the  coil  turns  to  be  selectively  positioned  along  the  length  of 

45  the  core.  Furthermore,  the  use  of  substantially  coextensive  elongated  core  members,  which  are  substantially 
covered  with  the  coil  turns,  provides  signal  response  for  over  90  per  cent  (90%)  of  the  stroke  length  of  the 
sensor  probe  portions. 

According  to  another  aspect  of  the  invention,  a  linear  position  sensor  system  includes  a  sensor  member 
and  an  electronic  assembly  connected  therewith  and  having  a  sine  wave  generator  for  exciting  the  sensor  and 

50  measuring  means  for  measuring  an  electrical  parameter  of  the  sensor.  The  position  sensor  system  further  in- 
cludes  means  movable  with  the  member  whose  position  is  to  be  sensed  for  proportionately  adjusting  the  value 
of  the  sensor  electrical  parameter.  The  sine  wave  generator  includes  a  square  wave  generator  for  developing 
a  square  wave  signal  and  a  low  pass  filter  for  converting  the  square  wave  generator  output  to  a  low-distortion 
sine  wave. 

55  A  sine  wave  generator,  according  to  this  aspect  of  the  invention,  has  exceptional  temperature  stability  by 
making  use  of  the  amplitude  and  frequency  stability  inherent  in  a  square  wave  generator.  Additionally,  an  elec- 
tronic  assembly  provided  according  to  this  aspect  of  the  invention  may  be  made  exceptionally  compact.  The 
compactness  of  the  electronic  assembly,  along  with  the  exceptional  temperature  stability  of  the  sine  wave  gen- 
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erator,  facilitates  the  incorporation  of  the  entire  electronic  control  circuit  into  a  compact  unit  which  may  be  pack- 
aged,  along  with  the  sensor  member,  in  an  individual  unit  which  may  be  located  in  a  harsh  environment.  Alinear 
position  sensor  system,  according  to  this  aspect  of  the  invention,  may  receive  unf  iltered  DC  voltage  from  the 

5  vehicle  electrical  system  and  produce  a  DC  output  signal  proportional  to  the  position  of  the  member  being 
sensed.  The  system  is  a  compact  unit  which  may  be  directly  connected  with  a  ride  control  computer  without 
requiring  "match-up  adjustments,"  or  calibration,  between  the  position  sensor  and  the  computer.  Therefore, 
any  calibration  may  be  carried  out  in  the  factory  and  the  sensor  system  may  be  placed  or  replaced  on  the  ve- 
hicle  in  the  factory  or  in  the  field  and  connected  to  the  ride  control  computer  without  field  calibration  that  is 

10  commonplace  on  prior  art  position  sensors. 
A  linear  position  sensor  according  to  the  invention  is  capable  of  compact  configuration  and  rugged  con- 

struction  in  order  to  function  in  the  harsh  environment  of  a  vehicle  ride  control  system.  In  one  embodiment  of 
the  invention,  one  movable  portion  of  the  sensor  probe  includes  coextensive  primary  and  secondary  windings 
that  are  parallel  and  spaced  apart.  The  other  movable  portion  of  the  sensor  probe  includes  a  coupling  adjust- 

15  ment  means  that  is  a  coupling-enhancing  member  positioned  around  both  coils,  such  that  the  signal  developed 
in  the  secondary  coil  increases  as  the  coupling  adjustment  means  becomes  more  coextensive  with  the  wind- 
ings.  In  another  embodiment  of  the  invention,  the  coextensive  primary  and  secondary  windings  are  concen- 
trically  positioned  and  separated  by  an  annular  cavity  or  gap.  The  coupling  adjustment  means  includes  a  cou- 
pling  disrupter  member  which  is  positioned  between  the  windings  in  the  gap  such  that  the  presence  of  the 

20  coupling  adjustment  means  decreases  the  transformer  coupling  between  the  windings,  which  causes  the  sig- 
nal  developed  across  the  secondary  winding  to  decrease  as  the  coupling  adjustment  means  becomes  more 
coextensive  with  the  windings.  In  yet  another  embodiment  of  the  invention,  which  is  intended  to  be  positioned 
externally  of  the  vehicle  shock  absorber,  the  coupling  adjustment  member  includes  an  inner  metallic  member 
fitted  within  an  outer  support  member  and  antifriction  means  between  the  outer  support  member  and  a  tubular- 

25  shaped  bore.  The  windings  are  positioned  in  the  bore  and  the  coupling  adjustment  member  is  longitudinally 
slidable  therein. 

It  is  thus  seen  that  the  present  invention  is  capable  of  a  wide  range  of  applications  and  variations.  These 
and  other  related  objects,  advantages,  and  features  of  this  invention  will  become  apparent  upon  review  of  the 
following  specification  in  conjunction  with  the  drawings. 

30 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  side  view  of  a  non-contact  linear  position  sensor  according  to  one  embodiment  of  the 
invention; 

35  Fig.  2  is  an  enlarged  partial  view  of  the  area  indicated  at  II  in  Fig.  1  ; 
Fig.  3  is  a  sectional  view  taken  along  the  lines  Ill-Ill  in  Fig.  2; 
Fig.  4  is  a  graphic  diagram  of  the  voltage  transfer  ratio  as  it  relates  to  the  relative  position  of  portions  of  a 
sensor  probe  according  to  the  embodiment  in  Fig.  1; 
Fig.  5  is  an  electrical  circuit  diagram  in  block  form  of  the  electrical  control  circuit  of  the  invention; 

40  Fig.  6  is  an  electrical  circuit  diagram  in  schematic  form  of  the  control  circuit  in  Fig.  5; 
Fig.  7  is  a  diagram  illustrating  the  equivalent  circuit  for  a  sensor  probe  according  to  the  embodiment  in 
Figs.  1-6; 
Fig.  8  is  a  sectional  side  view  of  a  second  embodiment  of  the  invention; 
Fig.  9  is  an  enlarged  view  of  the  area  designated  IX  in  Fig.  8; 

45  Fig.  10  is  a  sectional  view  taken  along  the  lines  X-X  in  Fig.  9; 
Fig.  11  is  an  electrical  circuit  diagram  partially  in  block  form  and  partially  in  schematic  form  of  the  control 
module  of  the  embodiment  illustrated  in  Figs.  8-10; 
Fig.  12  is  a  diagram  illustrating  the  equivalent  circuit  for  a  sensor  probe  according  to  the  embodiment  in 
Figs.  8-10; 

so  Fig.  13  is  a  sectional  side  view  of  a  third  embodiment  of  the  invention;  and 
Fig.  14  is  an  enlarged  sectional  view  taken  along  the  lines  XIV-XIV  in  Fig.  13. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

55  Referring  now  specifically  to  the  drawings,  and  the  illustrative  embodiments  depicted  therein,  a  non-con- 
tact  linear  position  sensor  assembly  generally  illustrated  at  10  includes  a  base  portion  12  attached  to  one  por- 
tion  of  a  vehicle,  such  as  the  portion  of  a  shock  absorber  attached  to  the  vehicle  chassis,  and  a  tracking  portion 
16  which  is  attached  to  a  portion  of  the  vehicle  whose  position  it  is  desired  to  sense,  such  as  the  portion  of  a 
shock  absorber  attached  to  a  wheel  support  assembly  (Fig.  1).  Tracking  and  base  portions  16  and  12  are  rel- 
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atively  longitudinally  movable  with  respect  to  each  other  and  may  be  positioned  internal  to  or  external  of  the 
corresponding  shock  absorber. 

Sensor  assembly  10  further  includes  a  control  module  28  interconnected  with  base  portion  12  by  a  cable 
5  27.  An  electrical  connector  29,  adapted  to  engage  a  mating  connection  (not  shown)  for  connection  to  the  ride 

control  computer,  provides  input  and  output  interconnection  for  control  module  28.  Base  portion  12  includes  a 
shield  member  26  defining  an  internal  circular  chamber  in  which  a  winding  assembly  32  is  firmly  positioned. 
Winding  assembly  32  includes  an  end  portion  34  positioned  within  an  enlarged  portion  25  of  shield  member 
26  and  a  sensing  portion  36  positioned  within  a  narrowed  portion  of  shield  member  26.  Enlarged  portion  25 

10  is  configured  for  mounting  to  and  penetrating  through  an  end  member  of  a  shock  absorber  (not  shown).  Track- 
ing  portion  16  includes  an  end  portion  40  and  a  transformer  coupling  adjustment  means  comprising  an  elon- 
gated  tubular  portion  42.  Tubular  portion  42  has  an  inner  diameter  selected  to  freely  slide  over  sensing  portion 
36  of  the  winding  assembly  32.  End  portion  40  includes  an  attachment  member  18  for  attachment  of  tracking 
portion  16  to  the  portion  of  the  vehicle  whose  position  it  is  desired  to  sense.  Sensing  portion  36  and  tubular 

15  portion  42  cooperate  to  form  a  sensor  probe  designated  35.  The  relatively  movable  portions  of  the  sensor  probe 
may  be  assembled  with  closely  controlled  dimensional  tolerances  and,  if  positioned  within  a  shock  absorber, 
the  hydraulic  fluid  internal  to  the  shock  absorber  may  provide  a  lubricious  sliding  interf  it  between  these  mov- 
able  portions. 

Winding  assembly  32  includes  a  primary  winding  44  and  a  secondary  winding  46  which  is  mutually  en- 
20  capsulated  within  encapsulating  material  48  (Figs.  2  and  3).  Primary  and  secondary  windings  44  and  46  are 

coextensive,  or  side-by-  side,  for  substantially  their  entire  length  which  spans  winding  assembly  32  and  are 
generally  mutually  parallel  and  spaced  apart.  Primary  winding  44  includes  an  elongated  cylindrical  core  50  and 
a  coil  52  defined  by  a  single  magnet  wire  radially  wound  around  core  50  over  substantially  the  entire  length 
of  the  core.  Secondary  winding  46  includes  an  elongated  cylindrical  core  54  having  a  coil  56  defined  by  a  single 

25  magnetic  wire  radially  wound  around  core  54  over  substantially  its  entire  length.  In  one  preferred  embodiment, 
cores  50  to  54  are  0.13-cm  (0.05  inch)  diameter  ferromagnetic  rods  insulated  with  a  0.005-cm  (0.002-inch) 
Teflon  coating  or  other  insulating  material  and  are  18.3-cm  (7.2-inches)  in  length.  Coils  52  and  56  include  a 
double  layer  of  71.1nm  (41-AWG)  and  56.4nm  (43-AWG),  respectively,  compactly  wound  on  the  associated 
insulated  core  which  produces  an  inductance  of  3  to  4  millihenries  for  each  coil.  Primary  and  secondary  wind- 

30  ings  44  and  46  are  each  covered  by  a  protective  film  such  as  a  Mylar  sleeve  (not  shown),  and  are  mutually 
encapsulated  by  a  material  48  which,  in  the  illustrated  embodiment,  is  a  liquid  crystal  polymer,  such  as  Cela- 
nese  Corporation  Vectra  B-130. 

Tubular  portion  42  of  tracking  portion  16  surrounds  a  varying  length  of  the  coextensive,  spaced,  parallel 
primary  and  secondary  windings  44  and  46  and  provides  a  transformer  coupling  adjustment  member  for  the 

35  windings,  which  are  configured  as  a  transformer.  In  the  embodiment  illustrated  in  Figs.  1-3,  tubular  portion  42 
is  a  transformer  coupling  enhancing  member  which  increases  the  transformer  coupling  between  the  primary 
and  secondary  windings  as  the  sensing  portion  36  and  tubular  portion  42  become  more  telescopingly  coex- 
tensive,  as  a  result  of  movement  of  the  vehicle  wheel  assembly  closer  to  the  vehicle  frame.  In  the  illustrated 
embodiment,  tubular  member  42  is  a  nonferrous  metal,  such  as  aluminum,  which  enhances  transformer  cou- 

40  pling  between  the  primary  and  secondary  windings  through  a  radially  looping  current  that  is  developed  in  the 
tubular  portion  as  a  result  of  excitation  of  the  primary  winding. 

The  results  obtained  by  this  embodiment  of  the  invention  are  illustrated  in  Fig.  4.  By  reference  to  this  figure, 
it  is  seen  that  the  signal  developed  across  the  secondary  winding,  which  is  directly  proportional  to  the  voltage 
transfer  ratio,  is  substantially  linearly  related  to  the  amount  of  overlap  of  tubular  portion  42  with  respect  to  sens- 

45  ing  portion  36  of  the  winding  assembly.  Furthermore,  an  important  feature  of  the  present  invention  is  that  the 
radially  wound  coils  may  be  wound  with  a  pre-established  non-constant  turn  spacing,  by  a  commercially  avail- 
able  numerically  controlled  winding  apparatus,  in  a  manner  that  may  substantially  cancel  any  remaining  non- 
linearity  and  is  within  the  capabilities  of  one  skilled  in  the  art.  Alternatively,  it  may  be  desired  to  provide  a  par- 
ticular  characteristic  nonlinear  voltage  transfer  ratio  for  a  particular  application.  The  turn  spacing  may  be  ar- 

50  ranged  in  order  to  "tune"  the  voltage  transfer  ratio  to  the  desired  characteristic. 
With  reference  to  Fig.  5,  organization  of  the  control  module  28  will  be  described.  A  square  wave  generator 

58  produces  a  square  wave  signal  on  its  output  line  60.  The  square  wave  signal,  which  operates  at  12.8  KHz 
in  the  illustrated  embodiment,  is  provided  as  an  input  to  a  sine  wave  shaper  circuit  62  which  converts  the  square 
wave  signal  to  a  low-harmonic  distortion  sine  wave  signal  having  the  same  frequency  which  is  provided  on  its 

55  output  64.  The  sine  wave  signal  is  amplified  by  an  amplifier  and  driver  circuit  66  and  is  provided  on  line  67  to 
the  primary  winding  44  of  sensing  probe  35.  The  sine  wave  signal  provided  to  the  primary  winding  is  coupled 
to  the  secondary  winding  in  proportion  to  the  relative  longitudinal  overlap  of  the  winding  assembly  and  the 
coupling  adjustment  portion  of  the  sensor  probe.  The  signal  developed  across  the  secondary  winding  is  proved 
on  line  68  to  a  buffer  amplifier  70,  which  provides  a  high  input  impedance  for  and  amplifies  the  relatively  small 

4 
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signal  developed  across  the  secondary  winding.  Buffer  amplifier  70  additionally  includes  means  for  eliminating 
induced  high  frequency  noise  and  any  DC  offset.  The  output  72  of  the  buffer  amplifier  is  provided  to  a  precision 
rectifier  74  which  produces  a  DC  analog  voltage  on  its  output  76,  proportional  to  the  average  AC  voltage  de- 

5  veloped  across  the  secondary  winding.  The  DC  analog  voltage  is  amplified  by  amplifier  78  and  provided  by 
an  output  line  80  as  an  input  to  a  ride  control  computer  of  the  vehicle  (not  shown). 

Output  60  of  square  wave  generator  58  is  additionally  provided  as  an  input  to  a  negative  power  source  82 
which  produces  a  voltage  on  its  output  83  which  is  negative  with  respect  to  the  vehicle  chassis  ground  and  is 
provided  as  an  additional  supply  voltage  to  precision  rectifier  74  and  DC  amplifier  78.  The  purpose  of  supplying 

10  these  portions  of  the  control  module  with  a  negative  voltage,  which  is  normally  not  available  in  a  vehicle  elec- 
trical  system,  in  addition  to  the  conventional  positive  supply  voltage,  is  to  improve  the  linearity  of  the  output 
signal,  especially  at  low  signal  levels,  while  allowing  the  DC  offset  of  the  sensor  output  to  be  adjusted  to  a 
desired  level,  which  may  be  zero  or  even  a  negative  voltage.  Additionally,  by  supplying  a  voltage  to  the  precision 
rectifier  and  the  DC  amplifier  that  is  negative  with  respect  to  chassis  ground,  means  are  provided  for  detecting 

15  certain  internal  failures  of  these  circuit  portions  by  monitoring  the  polarity  of  the  voltage  on  output  80.  If  the 
polarity  of  the  output  becomes  more  negative  than  a  predetermined  level,  an  indication  is  provided  to  the  ride 
control  computer  that  the  position  sensor  is  malfunctioning. 

A  detailed  description  of  this  embodiment  of  the  electrical  control  system  is  provided  by  reference  to  Fig. 
6.  The  vehicle  supply  voltage  is  connected  to  the  control  system  on  pin  85  of  connector  29  and  is  conditioned 

20  by  an  input  filter  86  and  reverse  polarity  protection  diode  88.  The  conditioned  supply  voltage  is  regulated  to  a 
constant  voltage  VCC  by  a  voltage  regulation  means  90,  which  may  be  of  any  such  means  well-known  in  the 
art  and  is  illustrated  as  a  precision  shunt  reference  device.  The  voltage  VCC  is  produced  on  a  bus  92  and  is 
provided  as  a  supply  voltage  to  selected  components  in  the  circuit. 

Square  wave  oscillator  58,  in  the  illustrated  embodiment,  is  a  type  555  CMOS  timer  94  having  a  frequency 
25  established  at  12.8  KHz  by  a  capacitor  96  connected  between  a  timing  terminal  of  timer  94  and  signal  ground 

and  in  series  connection  with  resistors  97  through  100  and  VCC  bus  92.  One  of  the  resistors  100  is  adjustable 
to  provide  factory  adjustment  of  the  frequency  of  timer  94.  As  is  recognized  by  one  skilled  in  the  art,  CMOS 
timer  94  provides  a  stable  frequency  and  amplitude  source  over  a  wide  range  of  temperature  conditions.  The 
output  from  timer  94  on  line  60  is  scaled  by  a  pair  of  precision  resistors  101  and  102,  connected  in  a  voltage 

30  divider  arrangement,  and  provided  on  line  104.  Line  104  is  provided  as  an  input  64  to  amplifier  and  driver  circuit 
66  through  a  resistor  106.  The  characteristics  of  the  signal  on  line  104  are  significantly  altered  by  sine  wave 
shaper  62  which  is  connected  between  line  104  and  ground  and  serves  as  an  "active  load"  low-pass  filter  to 
shunt  the  high  frequency  harmonics  of  the  square  wave  signal  to  ground.  This  allows  substantially  only  the 
low  frequency  component  of  the  square  wave,  which  is  a  sine  wave  having  a  frequency  equal  to  the  pulse  rep- 

35  etition  rate  of  the  square  wave  generator,  to  pass  to  the  sensor  probe. 
Sine  wave  shaper  62  includes  an  operational  amplifier  108  having  a  non-inverting  input  on  line  110  held 

at  a  constant  voltage  provided  by  a  voltage  divider  consisting  of  resistors  112  and  114  series  connected  be- 
tween  a  positive  DC  power  source  V+  and  signal  ground.  Amplifier  108  further  includes  an  inverting  input  116 
connected  with  line  104  through  a  capacitor  118.  Amplifier  108  produces  an  output  on  a  line  120,  which  is  con- 

40  nected  with  inverting  input  116  through  a  resistor  122  and  with  line  104  through  a  capacitor  124.  The  particular 
configuration  for  sine  wave  shaper  62  causes  it  to  actively  shunt  higher  frequency  components  of  the  square 
wave  to  ground  by  the  particular  feedback  arrangement  between  output  line  120  and  inverting  input  116  in- 
cluding  resistor  122  and  capacitors  118  and  124,  while  providing  a  relatively  high  impedance  to  the  base  fre- 
quency  of  the  square  wave  produced  by  timer  94  and  serving  to  shape  the  signal.  Accordingly,  the  resulting 

45  signal  is  a  sine  wave  having  a  frequency  equal  to  that  of  the  pulse  repetition  rate  of  timer  94. 
The  sine  wave  signal  is  provided  through  a  resistor  106  to  line  64  as  an  input  to  amplifier  and  driver  66. 

Amplifier  and  driver  66  includes  an  operational  amplifier  126  having  a  non-inverting  input  128  provided  with 
a  constant  voltage  level  from  the  voltage  divider  formed  by  resistors  112  and  114  and  an  inverting  input  130 
connected  with  input  line  64  and  provided  with  the  sinusoidal  signal  previously  described.  Amplifier  126  in- 

50  eludes  an  output  1  32  connected  directly  with  the  base  terminal  of  a  transistor  1  34  whose  collector  is  connected 
directly  with  V+  and  whose  emitter  is  connected  with  a  line  136.  A  feedback  resistor  138  connects  line  136 
with  inverting  input  130  to  establish  the  combined  gain  of  amplifier  126  and  transistor  134  and  to  cause  this 
combination  to  operate  as  a  linear  amplifier.  A  resistor  139  between  line  136  and  signal  ground  provides  a  load 
for  amplifier  126  and  provides  noise  suppression  of  high  frequency  signals  induced  from  external  sources. 

55  Line  136  is  connected  to  a  parallel  combination  of  a  resistor  140  and  a  capacitor  142.  The  purpose  of  the 
parallel  combination  is  to  reduce  the  DC  component  of  the  signal  provided  to  the  primary  winding  44  while 
coupling  the  AC  component  of  the  signal  to  the  primary  winding.  Resistor  140  may  be  a  varistor  in  order  to 
compensate  for  the  effect  of  temperature  variations  on  the  DC  resistance  of  primary  winding  44.  The  parallel 
combination  of  capacitor  142  and  resistor  140  are  connected  through  a  filter  circuit  144  to  one  terminal  of  pri- 
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mary  winding  44,  the  other  terminal  of  which  is  connected  to  signal  ground. 
The  excitation  of  primary  winding  44,  by  the  previously  described  circuity,  creates  a  magnetic  flux  which 

is  coupled  by  coupling  adjustment  means  42  to  secondary  winding  46  which  will  cause  a  signal  to  develop 
5  across  the  secondary  winding.  Winding  46  is  connected  between  line  68  and  signal  ground.  Line  68  is  con- 

nected  to  one  terminal  of  a  series  capacitor  146  in  order  to  couple  only  the  AC  components  of  the  signal  de- 
veloped  across  secondary  winding  46  to  the  remaining  portions  of  the  circuit.  A  second  terminal  149  of  ca- 
pacitor  146  is  connected  to  a  capacitor  148  which  provides  a  high  frequency  shunt  to  ground  to  reduce  high 
frequency  noise  induced  into  the  sensing  probe  windings.  Terminal  149  is  connected  to  the  input  of  buffer  am- 

10  plifier  70  through  a  series  combination  of  a  gain-adjusting  resistor  150  and  a  resistor  152. 
Buffer  amplifier  70  includes  an  amplifier  156  having  an  inverting  input  154  to  receive  the  signal  from  re- 

sistor  1  52.  Amplifier  1  56  further  has  a  non-inverting  input  1  58  connected  to  a  constant  voltage  source,  provided 
by  a  voltage  divider  consisting  of  resistors  160  and  162  connected  in  series  between  V+  and  signal  ground  in 
order  to  impart  a  fixed  DC  bias  to  the  signal.  A  feedback  circuit,  consisting  of  a  parallel  combination  of  a  resistor 

15  164  and  capacitor  166,  is  connected  between  output  168  of  the  amplifier  and  its  inverting  input  154.  In  this 
configuration,  buffer  amplifier  70  provides  a  high  input  impedance  for  the  low  signal  level  developed  across 
the  secondary  winding  46  and  amplifies  the  signal.  The  output  of  amplifier  70  is  AC  coupled  by  a  series  ca- 
pacitor  170  and  resistor  178  to  input  72  of  precision  rectifier  74. 

Precision  rectifier  74  includes  an  operational  amplifier  172  having  a  non-inverted  input  174  connected  to 
20  ground  through  a  resistor  175  and  an  inverting  input  176  connected  to  input  line  72.  A  diode  180  is  provided 

as  a  feedback  path  between  output  182  and  input  176  of  amplifier  172  and  serves  to  cause  amplifier  172  to 
conduct  positive  going  portions  of  the  AC  signal  but  to  not  conduct  the  negative  going  portions.  In  addition, 
output  182  is  further  connected  through  a  forward  biased  diode  184  and  a  resistor  186  to  output  line  76.  Diode 
184  is  additionally  connected  to  inverting  input  176  through  a  resistor  188.  This  configuration  provides  a  for- 

25  ward  voltage  drop  that  is  substantially  reduced  from  that  of  a  conventional  rectifier  by  essentially  dividing  the 
forward  voltage  drop  by  the  open  loop  gain  of  amplifier  172.  Additionally,  this  configuration  provides  excep- 
tional  temperature  stability  through  the  use  of  a  pair  of  oppositely  poled  diodes  in  the  feedback  loop. 

Line  76  from  the  precision  rectifier  74  is  provided  to  DC  amplifier  78,  which  includes  an  amplifier  1  90.  Out- 
put  76  is  connected  to  the  non-inverting  input  of  amplifier  190.  An  inverting  input  192  of  amplifier  190  is  con- 

30  nected  through  a  series  resistor  1  94  to  a  voltage  divider  consisting  of  resistors  1  95,  1  96,  1  97  and  1  98  serially 
connected  between  VCC  and  signal  ground.  Resistor  197  is  adjustable  and  provides  means  for  adjusting  the 
DC  offset  on  the  output  of  amplifier  190,  which  is  provided  on  line  199.  A  parallel  combination  of  a  resistor  200 
and  capacitor  202  is  connected  as  a  feedback  path  between  output  199  and  inverting  input  192  and  establishes 
the  gain  characteristics  of  amplifier  190  while  providing  low  pass  filtering  characteristics  to  reduce  AC  ripple 

35  on  output  line  199.  Output  199  of  DC  amplifier  78  is  connected  through  a  resistor  204  to  output  line  80  which 
is,  in  turn,  connected  to  an  output  pin  206  of  connector  29.  Adiode  208  between  output  line  80  and  signal  ground 
provides  a  reverse  voltage  clamp  to  eliminate  excessive  negative  voltage  swings  that  otherwise  could  be 
passed  to  the  ride  control  computer.  Additional  low  pass  output  filtering  is  provided  by  capacitors  209  and  21  0. 

Output  60  of  square  wave  generator  58  is  additionally  connected  to  the  non-inverting  input  of  an  amplifier 
40  212  whose  inverting  input  214  is  maintained  at  a  constant  voltage  level  by  a  voltage  divider  comprising  resistors 

216  and  218  connected  in  series  between  VCC  and  ground.  Amplifier  212  provides  a  low  impedance  source 
for  providing  a  cyclically  varying  signal  to  a  rectifier  circuit  82  including  series  capacitor  220,  series  diode  222, 
shunt  diode  224  and  shunt  capacitor  226.  The  output  of  rectifier  circuit  82  is  provided  on  line  83  as  a  DC  voltage 
which  is  negative  with  respect  to  signal  ground.  Negative  voltage  line  83  is  provided  as  a  supply  voltage  to 

45  amplifiers  172  and  190  in  addition  to  the  positive  voltage  supplied  to  these  amplifiers  from  V+.  In  this  manner, 
amplifiers  172  and  190  are  capable  of  operating  in  a  linear  region  even  at  small  signal  levels  and  the  DC  offset 
on  output  line  199  of  amplifier  190  may  be  adjustable  to  zero  and  even  a  negative  voltage,  if  desired.  An  ad- 
ditional  advantage  of  providing  a  negative  voltage  supply  to  amplifiers  172  and  190  is  that  an  internal  failure 
of  either  amplifier  may  result  in  a  negative  voltage  in  output  line  199  which  could  be  interpreted  by  the  ride 

so  control  computer  as  an  indication  of  a  malfunctioning  of  the  control  module. 

OPERATION 

In  operation,  a  square  wave  of  stable  frequency  and  amplitude  is  produced  by  square  wave  generator  58 
55  on  line  60,  which  includes  a  low  frequency  component  and  harmonically-related  higher  frequency  components, 

and  is  scaled  by  resistors  101  and  102.  The  scaled  square  wave  is  converted  to  a  low-distortion  sine  wave  by 
the  active-load,  high  frequency  shunt  action  of  sine  wave  shaper  62.  Sine  wave  shaper  62  provides  a  low-im- 
pedance  shunt  for  the  higher  frequency  components  and  a  high-impedance  load  to  the  low  frequency  signal 
component  of  the  square  wave,  as  well  as  serves  to  refine  the  shape  of  the  resulting  signal.  Therefore,  a  low 

6 



EP  0  378  402  B1 

distortion,  stable  amplitude  sine  wave  is  produced.  This  sine  wave  signal  is  amplified  by  amplifier  and  driver 
66  and  is  provided  to  primary  winding  44  through  resistor  140,  capacitor  142  and  filter  144. 

The  excitation  of  primary  winding  44  induces  a  radially  looping  current  in  tubular  portion  42.  In  turn,  the 
5  looping  current  in  tubular  portion  42  causes  a  voltage  to  be  induced  in  secondary  winding  46  that  is  proportional 

to  the  length  of  sensing  portion  36  that  is  telescoped  within  tubular  portion  42.  Thus,  tubular  portion  42  provides 
the  transformer  coupling  between  the  primary  and  secondary  windings.  The  voltage  developed  across  sec- 
ondary  winding  46  is  amplified  by  buffer  amplifier  70  and  rectified  to  a  DC  level,  equal  to  the  average  value 
of  the  AC  signal,  by  precision  rectifier  74.  The  output  of  precision  rectifier  74  is  amplified  and  further  filtered 

10  by  amplifier  78.  The  gain  of  the  control  module  may  be  adjusted  by  adjusting  resistor  150  and  the  offset  of  the 
output  signal  on  pin  206  may  be  adjusted  by  adjusting  resistor  197. 

The  effect  of  tubular  portion  42  on  the  sensing  portion  36  of  the  winding  assembly  is  illustrated  by  reference 
to  Fig.  7,  in  which: 
K  represents  the  forward  voltage  transfer  ratio 

15  R  is  the  effective  probe  input  resistance 
X  is  the  effective  probe  input  reactance 
Vi  is  the  input  voltage  signal  provided  to  the  primary  winding  44 
V2  is  the  output  voltage  signal  developed  across  the  secondary  winding  46. 
Is  is  the  looping  current  induced  in  tubular  member  42. 

20  Windings  44  and  46  are  long,  slender  coils.  Acurrent  in  such  a  coil  causes  a  magnetic  flux  that  is  dense  inside 
the  coil  and  decreases  with  distance  rapidly  outside  of  the  coil.  Therefore,  except  for  the  effect  of  tubular  por- 
tion  42,  essentially  no  signal  V2  would  be  developed  across  winding  46  in  response  to  the  excitation  of  winding 
44  because  the  windings  are  side-by-side.  As  tubular  portion  42  overlaps  a  portion  of  the  winding  assembly, 
the  magnetic  flux  produced  by  the  primary  winding  is  cut  by  the  tube  wall,  which  induces  a  radial  current  in 

25  the  tube.  This  induced  current  produces  a  flux  within  the  tube,  which  is  opposite  to  and  partially  cancels  the 
primary  flux.  If  the  counter-flux  is,  for  example,  0.3  times  the  original  flux  in  the  primary  coil,  the  flux  within 
the  primary  coil  will  be  at  its  original  amplitude  within  the  non-overlapped  length,  but  at  only  70%  of  its  original 
amplitude  within  the  overlapping  portion.  This  will  reduce  both  RandX,  which  will  respond  as  though  the  over- 
lapped  portion  of  the  primary  winding  were  partially  shorted,  or  removed  from  the  circuit. 

30  Since  the  same  length  of  secondary  winding  46  is  within  tubular  portion  42,  this  portion  of  the  secondary 
winding  will  experience,  in  this  example,  a  flux  that  is  30%  of  the  original  flux  amplitude  in  the  primary  while 
the  non-covered  portion  of  the  secondary  will  experience  essentially  no  flux.  V2  is  directly  proportional  to 
times  the  ratio  of  flux  in  the  secondary  to  the  flux  in  the  primary.  The  result  is  a  voltage  induced  across  the 
secondary  that  is  proportional  to  the  length  of  the  winding  assembly  that  is  within  the  tubular  portion  42. 

35 
FIRST  ALTERNATIVE  EMBODIMENT 

A  first  alternative  embodiment  of  the  invention  is  illustrated  in  Figs.  8-12,  in  which  the  primary  and  sec- 
ondary  windings  are  concentrically  positioned  and  separated  by  an  annular  cavity,  or  gap,  and  in  which  the 

40  coupling  adjustment  means  includes  a  coupling  disrupter  member  longitudinally  positionable  between  the 
windings  in  the  gap.  In  this  embodiment,  as  the  coupling  adjustment  means  and  the  sensing  probe  become 
more  telescopingly  coextensive,  the  voltage  developed  across  the  secondary  winding,  as  a  result  of  the  voltage 
applied  to  the  primary  winding,  decreases  because  the  coupling  adjustment  means  inhibits,  or  reduces,  the 
amount  of  transformer  coupling  between  the  windings. 

45  In  this  embodiment,  a  non-contact  linear  position  sensor  assembly  310  includes  a  base  portion  312  and 
a  tracking  portion  316,  which  are  mutually  longitudinally  telescopingly  positionable  with  respect  to  each  other 
(Fig.  8).  Base  portion  312  includes  attachment  means  (not  shown)  for  attachment  thereof  to  a  stationary  portion 
of  the  vehicle  and  tracking  portion  316  includes  attachment  means  318  for  attachment  to  a  movable  portion 
of  the  vehicle,  such  as  a  wheel  assembly.  Base  portion  312  includes  a  sensing  portion  336  including  a  primary 

so  winding  344  comprising  a  coil  352  radially  wound  around  a  core  350  (Figs.  8,  9  and  10).  Primary  winding  344 
is  concentrically  positioned  within  a  secondary  winding  346  which  includes  a  core  354  having  a  wall  defining 
a  central  bore  that  has  an  inner  diameter  that  is  substantially  larger  than  the  outer  diameter  of  core  350.  Sec- 
ondary  winding  346  further  includes  a  coil  356  radially  wound  around  core  354.  The  dimensions  of  the  primary 
and  secondary  windings  are  selected  in  order  to  define  an  annularcavity  or  gap  338  between  the  concentrically 

55  positioned  windings.  A  tubular  portion  342  of  tracking  portion  316  is  longitudinally  positionable  within  gap  338. 
Tubular  portion  342  and  sensing  portion  336  define  a  sensing  probe  335. 

Core  350  includes  an  enlarged  end  portion  334  which  is  sized  to  frictionally  engage  core  354  which,  in 
turn,  is  sized  to  frictionally  engage  a  frame  member  326  included  in  base  portion  312  (Fig.  8).  Position  sensor 
310  further  includes  a  stress  relief  member  230  which  engages  frame  326  and  supports  a  plurality  of  electrical 
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leads  extending  to  a  control  module  328  which,  in  turn,  is  connected  by  an  electrical  connector  329  to  the  ride 
control  computer  (not  shown). 

Core  350  is  made  from  a  ferromagnetic  material,  such  as  iron,  and  the  secondary  core  354  is  made  from 
5  a  non-magnetic  material,  such  as  a  structural  polymer.  As  best  seen  in  Fig.  8,  the  primary  and  secondary  coils 

do  not  extend  the  entire  length  of  their  respective  cores.  Rather,  the  coils  are  positioned  on  their  respective 
cores  in  a  manner  that  will  provide  interface  between  the  coupling  means  and  the  coils  over  the  entire  extent 
of  travel  of  tubular  portion  342,  plus  an  additional  length  of  the  core  equal  to  approximately  1  0  percent  of  the 
inner  primary  coil  and  5  percent  of  the  outer  secondary  coil.  Primary  and  secondary  windings  are  each  radially 

10  wound  around  their  respective  cores  from  a  single  length  of  wire  and  are  each  covered  by  a  protective  film 
such  as  a  Mylar  sleeve  or  other  insulating  material. 

Because  primary  winding  344  is  positioned  within  secondary  units  346,  excitation  of  the  primary  winding 
by  a  voltage  induces  a  voltage  V2  in  the  secondary  winding  (Fig.  12).  The  coupling  adjustment  member  in 
this  embodiment,  which  is  defined  by  tubular  portion  342,  operates  as  a  magnetic  shield  which  interrupts  this 

15  transformer  coupling  between  primary  winding  344  and  secondary  winding  346.  Tubular  portion  342  operates 
as  a  short  circuit  winding,  creating  a  variable  reluctance  path  for  the  magnetic  flux.  This  variable  reluctance 
path  proportionately  decreases  the  amount  of  current  induced  into  the  secondary  winding.  The  flux  available 
for  inducing  a  voltage  in  the  secondary  winding  is  proportional  to  the  length  of  gap  338  in  which  the  tubular 
portion  342  is  absent.  Accordingly,  as  tubular  portion  342  is  additionally  telescopingly  extended  within  gap  338, 

20  the  magnetic  shielding  effect  of  the  tubular  portion  reduces  the  magnetic  coupling  between  the  windings,  which 
reduces  the  voltage  developed  across  the  secondary  winding  from  the  signal  applied  to  the  primary  winding. 
Therefore,  the  output  signal  from  the  sensing  probe  responds  to  the  relative  positioning  of  the  position  sensor 
portions  in  the  opposite  manner  to  that  described  in  the  embodiment  illustrated  in  Figs.  1-5.  In  the  illustrated 
embodiment,  tubular  portion  342  is  made  from  a  magnetic  metal  such  as  iron. 

25  The  control  module  328,  provided  with  this  embodiment,  as  illustrated  in  Fig.  11,  is  essentially  the  same 
as  that  disclosed  in  Figs.  4  and  5,  with  the  addition  of  an  inverting  amplifier  232  connected  with  the  output  80 
of  DC  amplifier  78.  Inverting  amplifier  232  includes  an  operational  amplifier  234  having  a  feedback  resistor 
236  extending  between  an  output  238  of  the  amplifier  and  an  inverting  input  240,  in  order  to  establish  its  gain. 
The  non-inverting  input  241  of  amplifier  232  is  provided  with  a  constant  voltage  level  through  a  voltage  divider, 

30  comprising  resistors  244,  245  and  246  series  connected  between  VCC  and  ground,  and  a  series  resistor  242. 
In  the  embodiment  illustrated  in  Fig.  11,  resistor  245  is  adjustable.  Amplifier  234  is  supplied  with  both  a  positive 
voltage  V+  and  a  negative  voltage,  the  latter  from  line  83.  The  operation  of  the  control  module  illustrated  in 
Fig.  11  is  essentially  the  same  as  that  illustrated  in  Figs.  5  and  6.  However,  the  output  80  of  amplifier  78  is 
further  amplified  and  inverted  due  to  the  inclusion  of  an  additional  output  stage  including  inverting  amplifier 

35  234. 

SECOND  ALTERNATIVE  EMBODIMENT 

An  embodiment  of  the  invention  adapted  for  use  with  a  vehicle  ride  control  system  but  positioned  externally 
40  of  the  corresponding  shock  absorber  is  illustrated  in  Figs.  13and  14.  This  embodiment  has  the  same  electrical 

configuration  and  operates  in  the  same  manner  as  the  embodiment  illustrated  in  Figs.  1-7  with  the  principal 
exception  that  the  length  of  the  primary  and  secondary  winding  is  reduced  to  12.2  cm  (4.8  inches)  in  the  illu- 
strated  embodiment. 

A  linear  position  sensor  assembly  generally  illustrated  at  410  includes  a  base  portion  412  attached  by  an 
45  attachment  member  414  to  one  portion  of  a  vehicle,  such  as  the  vehicle  chassis,  and  a  tracking  portion  416 

which  is  attached  to  the  portion  of  the  vehicle  whose  position  it  is  desired  to  sense,  such  as  a  wheel  support 
assembly  by  a  second  attachment  member41  8  (Fig.  13).  Tracking  and  base  portions416and412are  relatively 
longitudinally  movable  with  respect  to  each  other  and  are  flexibly  closed  by  a  longitudinally  flexible  boot  420. 
Boot  420  includes  a  first  end  422  sealingly  engaged  with  base  portion  412  by  any  suitable  clamping  means, 

so  such  as  a  cable  tie  500  and  a  second  end  424  sealingly  engaged  with  tracking  portion  416  by  any  suitable 
clamping  means,  such  as  a  cable  tie  (not  shown). 

Base  portion  412  includes  a  frame  426  and  a  control  module  28  incorporated  within  frame  426  in  a  common 
package  such  as  by  encapsulation  with  a  suitable  encapsulating  material  that  is  resistant  to  various  automotive 
fluids.  An  electrical  connector  429  adapted  to  engage  a  mating  connector  (not  shown)  for  connection  to  the 

55  ride  control  computer  provides  input  and  output  interconnection  for  control  module  28.  Frame  426  includes  an 
inner  surface  427  defining  an  internal  circular  chamber  430  in  which  a  winding  assembly  432  is  firmly  posi- 
tioned.  Winding  assembly  432  includes  primary  and  secondary  windings  444  and  446  that  are  enclosed  by  a 
structural  polymer  shell  448  and  has  an  end  portion  434  dimensioned  to  frictionally  engage  surface  427.  Wind- 
ing  assembly  432  further  has  a  sensing  portion  436  spaced  from  surface  427  to  define  an  annular  cavity  or 
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gap  438  therebetween.  Tracking  portion  416  includes  an  end  portion  440  to  which  attachment  member  418  is 
affixed  and  coupling  adjustment  means  comprising  an  elongated  tubular  portion  442. 

Tubular  portion  442  is  configured  to  freely  slide  within  gap  438  between  sensing  portion  436  of  the  winding 
assembly  432  and  surface  427.  Tubular  portion  442  includes  a  nonferrous  metal  transformer  coupling  member 
495  tightly  fitted  within  a  polymeric  support  tube  496.  A  plurality  of  ribs  497  are  annularly  spaced  around  the 
outer  surface  of  tube  496  and  provide  low  friction  guide  means  forslidable  engagement  with  surface  427  (Fig. 
14).  A  plurality  of  openings  498  extend  through  a  wall  portion  of  frame  426  and  provide  airflow  means  for  equal- 
izing  the  pressure  within  gap  438  as  tubular  portion  442  longitudinally  moves  therein. 

The  value  of  various  components  in  the  illustrated  embodiment  of  control  module  28  (Fig.  6)  are  as  follows: 

R e f e r e n c e   N u m b e r  

R e s i s t o r   101  

R e s i s t o r   102 

R e s i s t o r   112 

R e s i s t o r   114 

C a p a c i t o r s   118,  124 

R e s i s t o r   122 

R e s i s t o r   139 

R e s i s t o r   140  

C a p a c i t o r   142 

C a p a c i t o r   14  6 

C a p a c i t o r   148 

R e s i s t o r   160  

R e s i s t o r   162 

V a l u e  

15K,  1% 

5 .11K,   1% 

110K 

24K 

0 . 0 0 2 2 u f ,   NPO  t y p e  

10K,  1% 

10K 

180  

4 . 7 u f  

O . l u f  

O . O O l u f  

180K 

100K 

R e s i s t o r   164 274K,  1% 
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C a p a c i t o r   166  10pf ,   NPO  t y p e  

C a p a c i t o r   170  O . l u f  

R e s i s t o r   175  i k  

R e s i s t o r   178  ik ,   1% 

R e s i s t o r   186  iok ,   1% 

R e s i s t o r   188  2.  IK,  1% 

R e s i s t o r   194  47.  5K,  1% 

R e s i s t o r   195  237  

R e s i s t o r   196  2.  IK,  1% 

R e s i s t o r   198  200,  1% 

R e s i s t o r   200  274K,  1% 

C a p a c i t o r   202  6 8 0 p f  

C a p a c i t o r   209  i U f  

C a p a c i t o r   210  O . O O l u f  

CONCLUSION 
30 

The  present  invention  is  readily  adaptable  to  low  cost  automated  assembly.  The  windings  may  be  radially 
positioned  on  the  respective  cores  merely  by  rotating  of  the  cores  while  applying  the  wire  turns  by  a  numerically 
controlled  apparatus.  The  output  characteristics  of  the  sensor  assembly,  with  respect  to  the  relative  positioning 
of  the  sensor  probe  portions,  may  be  adjusted  by  selectively  adjusting  the  turn-spacing  of  the  coils  along  va- 

35  rious  portions  of  the  respective  cores.  This  versatility  allows  the  position  sensor  to  be  "tuned"  to  the  charac- 
teristics  of  a  particular  vehicle's  suspension  system.  The  ability  to  combine  the  packaging  of  the  sensing  probe 
and  electronic  module  allows  adjustments  to  the  electronic  circuitry,  such  as  gain  and  offset,  to  be  made  at 
the  factory  before  the  components  are  encapsulated.  Thereafter,  the  position  sensor  assembly  may  be  easily 
positioned  on  the  vehicle  and  connected  to  the  ride  control  computer  without  additional  adjustment  in  the  field. 

40  The  structure  of  the  various  components  additionally  reduces  weight  and  bulk  and  enhances  the  durability  of 
the  assembly.  The  unique  aspects  of  the  control  module  according  to  the  invention  provides  a  reduced  com- 
ponent  count  which  further  improves  the  compactness  of  the  assembly  and,  along  with  the  superior  temper- 
ature  stability  of  the  circuit,  allows  an  entire  sensor  probe  to  be  positioned  within  a  harsh  environment.  Fur- 
thermore,  the  components  of  the  sensor  probe  are  adapted  to  a  lubricious  sliding  interfit  provided  by  the  hy- 

45  draulic  fluid  of  a  shock  absorber  in  which  it  is  intended  to  be  located  in  certain  embodiments. 
A  linear  position  sensor  assembly  according  to  the  invention  may  be  made  responsive  over  90  percent  of 

the  stroke  length  of  the  tracking  portion  with  respect  to  the  base  portion.  Thus,  space  occupied  by  the  as- 
sembly  is  substantially  reduced.  In  addition  to  positioning  within  a  shock  absorber,  the  invention  may  be  adapt- 
ed  to  mounting  external  to  a  shock  absorber  parallel  to  the  direction  of  its  travel.  The  invention  may  additionally 

so  find  application  in  sensing  the  position  of  portions  of  an  automotive  vehicle  other  than  the  suspension  system 
and  may  be  applied  to  non-vehicular  uses  such  as  use  with  machine  tools  and  the  like. 

Other  changes  and  modifications  in  the  specifically  described  embodiments  can  be  carried  out  without 
departing  from  the  principles  of  the  invention  which  is  intended  to  be  limited  only  by  the  scope  of  the  appended 
claims, 

55 

Claims 

1.  A  linear  position  sensor  (10)  comprising  a  primary  winding  (44,  342)  having  a  first  elongated  core  (50) 
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and  a  coil  (52)  including  a  multiplicity  of  turns  circumferential  around  said  first  core  (50)  and  spaced  sub- 
stantially  along  the  length  of  said  core  (50);  a  secondary  winding  (46)  having  a  second  elongated  core 
(54)  substantially  coextensive  with  said  first  core  (50)  and  a  coil  (56)  including  a  multiplicity  of  turns  cir- 

5  cumferential  around  said  second  core  (54)  and  spaced  substantially  along  the  length  of  said  second  core 
(54);  and  coupling  adjustment  means  movable  with  a  member  (16)  whose  position  is  to  be  sensed  relative 
to  said  windings  (44,  46)  effective  to  vary  a  transformer  coupling  between  said  windings  (44,  46),  char- 
acterised  in  that  said  windings  (44,  46)  are  parallel  and  spaced  apart  and  said  coupling  adjustment  means 
includes  a  coupling  enhancing  member  (42)  for  disposition  a  round  at  least  one  of  said  coils  (52,  56)  such 

10  that  a  signal  developed  in  said  secondary  winding  (46)  as  a  result  of  exciting  the  primary  winding  (44) 
increases  as  the  coupling  enhancing  member  (42)  overlaps  a  greater  extent  of  said  primary  and  second- 
ary  windings  (44,  46). 

2.  Asensor  according  to  claim  1  wherein  said  coupling  enhancing  member  (42)  comprises  an  electrically  con- 
is  ductive,  non-ferromagnetic  material. 

3.  A  sensor  according  to  claim  1  or  claim  2  wherein  the  coupling  enhancing  member  comprises  an  annular 
or  tubular  conductor. 

4.  A  sensor  according  to  claim  1  or  claim  2  wherein  the  coupling  enhancing  member  comprises  a  multi-turn 
coil  arranged  spirally  around  a  form  having  a  controlled  density  to  form  an  elongated  conductor. 

5.  A  sensor  according  to  claim  3  or  claim  4  wherein  said  conductor  has  a  length  parallel  to  said  windings 
which  is  shorter  than  said  windings  and  is  connected  to  the  movable  member  for  movement  along  a  travel 
path  parallel  to  the  windings  in  overlapping  relation. 

25 
6.  A  sensor  according  to  any  preceding  claim  wherein  said  windings  are  encapsulated  in  a  common  package 

(48). 

7.  Asensor  according  to  any  preceding  claim  wherein  at  least  one  said  core  is  made  from  ferromagnetic  ma- 
30  terial. 

8.  A  sensor  according  to  any  preceding  claim  further  including  means  (58,  62,  66)  for  applying  a  cyclically 
varying  signal  to  said  primary  winding  (44)  and  measuring  means  (70,  74  78)  for  measuring  the  signal 
developed  across  said  secondary  winding  (46)  coupled  from  said  primary  winding  (44). 

35 
9.  A  sensor  according  to  any  preceding  claim  further  including  a  tubular  shaped  frame  member  (426)  having 

inner  surface  means  (427)  defining  a  bore  (430),  said  windings  (44,  46)  being  positioned  in  said  bore, 
wherein  said  coupling  adjustment  means  are  slidable  within  said  bore  and  include  an  inner  metallic  mem- 
ber  (495)  fitted  within  an  outer  polymer  support  member  (496);  and  anti-friction  means  including  ribs  (497) 

40  extending  from  and  annularly  spaced  around  said  outer  polymer  support  member  and  said  inner  surface 
means. 

1  0.  Asensor  according  to  claim  9,  wherein  said  tubular  shaped  frame  member  includes  means  defining  a  plur- 
ality  of  openings  (498)  spaced  along  said  tubular  member  to  allow  pressure  within  said  bore  to  equalise 
as  said  coupling  adjustment  means  moves  therein. 

11.  A  sensor  according  to  claim  9  or  claim  10  wherein  a  boot  extends  between  said  tubular  frame  member 
and  said  coupling  adjustment  means. 

12.  Asensor  according  to  any  preceding  claim  wherein  the  coil  circumferentially  around  at  least  one  said  wind- 
ing  is  deposited  onto  a  magnetically  permeable  core. 

13.  Asensor  according  to  any  preceding  claim  wherein  the  coil  circumferentially  around  at  least  one  said  wind- 
ing  is  etched  from  a  conductive  layer  supported  by  a  magnetically  permeable  form. 

14.  Asensor  according  to  any  preceding  claim  wherein  said  windings  are  rectilinear  or  curvilinear. 

11 
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Patentanspriiche 

1.  LinearerPositionssensor(IO),  umfassend  eine  Primarwicklung  (44,  342)  miteinemersten  langlichen  Kern 
(50)  und  einer  Spule  (52)  mit  einer  Vielzahl  von  Windungen  um  den  Umfang  des  ersten  Kerns  (50),  die 
im  wesentlichen  langs  des  Kerns  (50)  beabstandet  sind,  eine  Sekundarwicklung  (46)  mit  einem  zweiten 
langlichen  Kern  (54),  dersich  im  wesentlichen  entlang  dem  ersten  Kern  (50)  erstreckt,  und  mit  einer  Spule 
(56)  mit  einer  Vielzahl  von  Windungen  um  den  Umfang  des  zweiten  Kerns  (54),  die  im  wesentlichen  langs 
des  zweiten  Kerns  (54)  beabstandet  sind,  und  eine  Kopplungsverstelleinrichtung,  die  zusammen  mit  ei- 
nem  Element  (16)  bewegbar  ist,  dessen  Lage  bezuglich  der  Wicklungen  (44,  46)  festgestellt  werden  soil, 
und  welches  eine  Veranderung  der  Transformatorkopplung  zwischen  den  Wicklungen  (44,  46)  bewirkt, 
dadurch  gekennzeichnet,  daft  die  Wicklungen  (44,  46)  parallel  zueinander  liegen  und  voneinander  be- 
abstandet  sind  und  dali  die  Kopplungsverstelleinrichtung  ein  Kopplungserhohungselement  (42)  umfalit, 
das  um  mindestens  eine  der  Spulen  (52,  56)  herum  angebracht  wird,  derart,  dali  ein  Signal,  das  in  der 
Sekundarwicklung  (46)  aufgrund  einer  Erregung  der  Primarwicklung  (44)  entsteht,  zunimmt,  je  weiterdas 
Kopplungserhohungselement  (42)  die  Primar-  und  die  Sekundarwicklung  (44,  46)  uberlappt. 

2.  Sensor  nach  Anspruch  1,  dadurch  gekennzeichnet,  daft  das  Kopplungserhohungselement  (42)  elek- 
trisch  leitendes,  nicht  ferromagnetisches  Material  umfalit. 

3.  Sensor  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dali  das  Kopplungserhohungselement  einen 
ring-  oder  rohrformigen  Leiter  umfalit. 

4.  Sensor  nach  Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dali  das  Kopplungserhohungselement  eine 
vielfach  gewundene  Spule  umfalit,  die  spiralformig  um  eine  Form  mit  gesteuerter  Dichte  angeordnet  ist, 
um  einen  langlichen  Leiter  zu  bilden. 

5.  Sensor  nach  einem  der  Anspruche  3  oder  4,  dadurch  gekennzeichnet,  dali  der  Leiter  parallel  zu  den  Wick- 
lungen  eine  geringere  Lange  hat  alsdie  Wicklungen,  und  dali  er  mit  dem  beweglichen  Element  verbunden 
ist,  um  entlang  einer  Bewegungsbahn  parallel  zu  den  Wicklungen  bewegt  zu  werden,  wobei  er  diese  uber- 
lappt. 

6.  Sensor  nach  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die  Wicklungen  in 
einer  gemeinsamen  Umhullung  (48)  eingeschlossen  sind. 

7.  Sensor  nach  einem  der  vorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  mindestens  ein  Kern 
aus  ferromagnetischem  Material  besteht. 

8.  Sensor  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  er  ferner  umfalit:  Mit- 
tel  (58,  62,  66)  zum  Zufuhren  eines  zyklisch  variierenden  Signals  zu  der  Primarwicklung  (44)  und  eine 
Melivorrichtung  (70,  74,  78)  zum  Messen  des  entlang  der  Sekundarwicklung  (46)  entstehenden,  von  der 
Primarwicklung  (44)  ausgekoppelten  Signals. 

9.  Sensor  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  er  weiterhin  umfalit: 
ein  rohrenformiges  Rahmenelement  (426)  mit  einer  Innenflachenvorrichtung  (427),  die  eine  Bohrung 
(430)  bildet,  in  dersich  die  Wicklungen  (44,  46)  befinden,  wobei  die  Kopplungserhohungseinrichtung  in 
der  Bohrung  verschiebbar  ist  und  ein  inneres  Metallelement  (495)  umfalit,  das  in  eine  auliere  Polymer- 
halterung  (496)  eingefugt  ist,  und  eine  Antireibungsvorrichtung,  die  Rippen  (497)  umfalit,  welche  von  der 
aulieren  Polymerhalterung  und  von  der  Innenflachenvorrichtung  ausgehen  und  voneinander  beabstan- 
det  ringformig  um  diese  herum  angeordnet  sind. 

10.  Sensor  nach  Anspruch  9,  dadurch  gekennzeichnet,  dali  das  rohrenformige  Rahmenelement  Mittel  um- 
falit,  die  eine  Vielzahl  von  Offnungen  (498)  bilden,  die  voneinander  beabstandet  entlang  dem  rohrenfor- 
migen  Element  angeordnet  sind,  um  einen  Druckausgleich  in  der  Bohrung  zu  ermoglichen,  wenn  das 
Kopplungsverstellelement  darin  bewegt  wird. 

11.  Sensor  nach  Anspruch  9  oder  10,  dadurch  gekennzeichnet,  dalisich  zwischen  dem  rohrenformigen  Rah- 
menelement  und  dem  Kopplungsverstellelement  eine  Schutzhulle  erstreckt. 

12.  Sensor  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die  um  den  Umfang 
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mindestens  einer  Wicklung  liegende  Spule  auf  einen  magnetisch  permeablen  Kern  aufgebracht  ist. 

13.  Sensor  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die  um  den  Umfang 
mindestens  einer  Wicklung  liegende  Spule  aus  einer  leitfahigen  Schicht  geatzt  ist,  die  von  einer  magne- 
tisch  permeablen  Form  getragen  wird. 

14.  Sensor  nach  einem  dervorhergehenden  Anspruche,  dadurch  gekennzeichnet,  dali  die  Wicklungen  ge- 
rad-  oder  krummlinig  sind. 

Revendications 

1.  Capteur  (10)  de  position  lineaire  comprenant  un  enroulement  primaire  (44,  342)  ayant  un  premier  noyau 
allonge  (50)  et  une  bobine  (52)  qui  comporte  une  plural  ite  de  spires  disposees  sur  le  pourtour  dudit  premier 
noyau  (50)  et  espacees  sensiblement  sur  toute  la  longueur  dudit  noyau  (50);  un  enroulement  secondaire 
(46)  ayant  un  second  noyau  allonge  (54)  s'etendant  d'une  maniere  sensiblement  identique  a  celle  dudit 
premier  noyau  (50)  et  une  bobine  (56)  qui  comporte  une  plural  ite  de  spires  disposees  surle  pourtour  dudit 
second  noyau  (54)  et  espacees  sensiblement  sur  toute  la  longueur  dudit  second  noyau  (54);  et  un  moyen 
de  reglage  de  liaison,  mobile  avec  un  element  (16)  dont  la  position  doit  etre  detectee  par  rapport  auxdits 
enroulements  (44,  46)  et  servant  a  modifier  une  liaison  partransformateurentre  lesdits  enroulements  (44, 
46),  caracterise  en  ce  que  lesdits  enroulements  (44,  46)  sont  paralleles  et  mutuellement  espaces  et  ledit 
moyen  de  reglage  de  liaison  comporte  un  element  (42)  de  renforcement  de  liaison  destine  a  etre  dispose 
autour  d'au  moins  une  desdites  bobines  (52,  56)  de  facon  qu'un  signal  forme  dans  ledit  enroulement  se- 
condaire  (46)  a  la  suite  de  I'excitation  de  I'enroulement  primaire  (44)  s'accentue  a  mesure  que  I'element 
(42)  de  renforcement  de  liaison  recouvre  dans  une  plus  grande  mesure  lesdits  enroulements  primaire  et 
secondaire  (44,  46). 

2.  Capteur  selon  la  revendication  1  ,  dans  lequel  ledit  element  (42)  de  renforcement  de  liaison  comporte  une 
matiere  electriquement  conductrice  non  ferromagnetique. 

3.  Capteur  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  I'element  de  renforcement  de  liaison 
comporte  un  conducteur  annulaire  ou  tubulaire. 

4.  Capteur  selon  la  revendication  1  ou  la  revendication  2,  dans  lequel  I'element  de  renforcement  de  liaison 
comporte  une  bobine  multispire  disposee  en  spirale  autour  d'une  armature  a  densite  commandee  pour 
former  un  conducteur  allonge. 

5.  Capteur  selon  la  revendication  3  ou  la  revendication  4,  dans  lequel  ledit  conducteur  a,  parallelement  aux- 
dits  enroulements,  une  longueur  inferieure  a  celle  desdits  enroulements  et  est  relie  a  I'element  mobile  pour 
se  deplacer  d'une  maniere  chevauchante  sur  un  parcours  parallele  aux  enroulements. 

6.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  lesdits  enroulements  sont 
encapsules  dans  un  boitier  commun  (48). 

7.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  au  moins  un  desdits  noyaux 
est  en  matiere  ferromagnetique. 

8.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  comportant  en  outre  un  moyen  (58,  62, 
66)  pour  appliquer  audit  enroulement  primaire  (44)  un  signal  a  variation  cyclique,  et  un  moyen  de  mesure 
(70,  74,  78)  pour  mesurer  le  signal  forme  dans  ledit  enroulement  secondaire  (46)  relie  audit  enroulement 
primaire  (44). 

9.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  comportant  en  outre  un  bati  (426)  de 
forme  tubulaire  ayant  une  surface  interieure  (427)  qui  def  init  un  alesage  (430),  lesdits  enroulements  (44, 
46)  etant  disposes  dans  ledit  alesage,  dans  lequel  ledit  moyen  de  reglage  de  liaison  peut  coulisser  dans 
ledit  alesage  et  comporte  un  element  interieur  metallique  (495)  loge  dans  un  element  exterieur  de  support 
(496)  en  polymere;  et  un  moyen  anti-friction  comportant  des  nervures  (497)  qui  s'etendent  depuis  ledit 
support  exterieur  en  polymere  et  ladite  surface  interieure  etqui  sont  espacees  annulairement  par  rapport 
a  ces  derniers. 
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10.  Capteur  selon  la  revendication  9,  dans  lequel  ledit  bati  de  forme  tubulaire  comporte  un  moyen  definissant 
une  plural  ite  d'ouvertures  (498)  espacees  selon  long  dudit  element  tubulaire  pour  permettre  a  la  pression 
a  I'interieur  dudit  alesage  d'etre  egalisee  a  mesure  que  ledit  moyen  de  reglage  de  liaison  s'y  deplace. 

11.  Capteur  selon  la  revendication  9ou  la  revendication  10,  dans  lequel  une  gaines'etend  entre  ledit  element 
tubulaire  et  ledit  moyen  de  reglage  de  liaison. 

12.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  bobine  disposee  sur  le 
pourtour  d'au  moins  un  desdits  enroulements  est  mise  en  place  sur  un  noyau  a  permeabilite  magnetique. 

13.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  la  bobine  disposee  sur  le 
pourtour  d'au  moins  un  desdits  enroulements  est  realisee  pargravure,  parvoie  chimique,  dans  une  couche 
conductrice  supportee  par  une  armature  a  permeabilite  magnetique. 

14.  Capteur  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  lesdits  enroulements  sont 
rectilignes  ou  curvilignes. 
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