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Description 

The  present  invention  relates  to  a  displacement- 
measuring  apparatus  as  defined  by  the  features  of 
the  preamble  of  claim  1,  which  has  a  stylus  movable 
relative  to  an  object  for  detecting  the  shape  of  the  ob- 
ject. 

A  displacement-measuring  apparatus  for  detect- 
ing  the  shapes  of  objects  has  an  air  bearing,  a  probe 
shaft,  and  a  stylus.  The  air  bearing  supports  the 
probe  shaft,  not  contacting  the  shaft,  such  that  the 
shaft  can  move  in  its  axial  direction.  The  stylus  is  at- 
tached  to  the  distal  end  of  the  probe  shaft,  and  put  in 
rolling  contact  with  an  object,  applying  a  predeter- 
mined  contact  pressure  thereto.  As  the  object  is  rotat- 
ed,  the  stylus  set  in  rolling  contact  moves  back  and 
forth  in  its  axial  direction.  The  stroke  of  the  stylus  is 
transmitted  to  and  detected  by  the  probe  shaft. 

Fig.  15  shows  a  conventional  displacement- 
measuring  apparatus  A,  which  comprises  a  cylindrical 
housing  X,  an  air  bearing  B  located  within  the  housing 
X,  and  a  probe  shaft  C  supported  by  the  bearing  B. 
The  air  bearing  B  has  a  through  hole  extending  in  its 
axial  direction  and  having  a  rectangular  cross  section. 
The  probe  shaft  C  has  a  rectangular  cross  section 
and  is  loosely  fitted  in  the  through  hole  of  the  bearing 
B,  such  that  it  can  move  along  its  axis  but  cannot  ro- 
tate  around  its  axis. 

The  apparatus  A  further  comprises  a  stylus  D,  a 
corner  cube  E,  a  core  F,  and  a  bias  coil  G.  The  stylus 
D  is  connected  to  the  distal  end  of  the  probe  shaft  C. 
The  core  F  is  a  hollow  cylinder  mounted  on  the  prox- 
imal  end  portion  of  the  shaft  C.  The  corner  cube  E  is 
fastened  to  the  core  F  and,  hence,  to  the  proximal  end 
the  probe  shaft  C,  for  detecting  the  displacement  of 
the  probe  shaft  C.  The  bias  coil  G  is  contained  in  the 
housing  X  and  surrounds  the  core  F,  not  contacting 
the  core  F. 

Fig.  16  shows  another  conventional  displace- 
ment-measuring  apparatus  H,  which  comprises  a  cyl- 
indrical  housing  I,  an  air  bearing  J  located  within  the 
housing  I,  and  a  probe  shaft  K  supported  by  the  air 
bearing  J  under  static  pressure.  The  apparatus  H  fur- 
ther  comprises  a  stylus  L  and  a  pin  N.  The  stylus  L  is 
attached  to  the  distal  end  of  the  probe  shaft  K.  The 
pin  N  is  set  in  screw  engagement  in  a  screw  hole 
made  in  the  wall  of  the  housing  I  and  protrudes  into 
a  U-groove  M  which  is  cut  in  the  outer  periphery  of  the 
proximal  end  portion  of  the  shaft  K  and  which  extends 
parallel  to  the  axis  of  the  shaft  K. 

The  air  bearing  J  and  the  probe  shaft  K  are 
spaced  apart.  Compressed  air  is  supplied  into  the  gap 
between  the  air  bearing  J  and  the  shaft  K  from  an  air 
inlet  port  R  through  an  air  passage  Q.  The  com- 
pressed  airflows  out  of  the  gap  and  is  discharged  out- 
side  through  an  air  outlet  port  S.  The  opening  of  the 
passage  Q  is  adjusted  by  turning  an  adjustment 
screw  (not  shown). 

In  the  displacement-measuring  apparatus  A,  the 
contact  pressure  the  stylus  D  applies  to  the  object  is 
controlled  by  changing  the  current  supplied  to  the 
bias  coil  G.  The  larger  the  current,  the  more  heat  the 

5  coil  G  generates.  There  is  the  possibility  that  the  heat 
impairs  the  reliability  of  the  data  acquired  by  operat- 
ing  the  apparatus  A  for  a  long  period  of  time.  To  re- 
duce  this  possibility,  a  heat-radiating  mechanism  can 
be  added  to  the  displacement-measuring  apparatus 

10  A.  The  use  of  such  a  mechanism  renders  the  appara- 
tus  A  complex  and  large. 

The  displacement-measuring  apparatus  A, 
shown  in  Fig.  15,  has  no  sensors  for  the  contact  pres- 
sure  applied  from  the  stylus  D  to  the  object.  There- 

is  fore,  in  the  apparatus  A  it  is  impossible  to  adjust  the 
current  supplied  to  the  bias  coil  G  minutely  in  accor- 
dance  with  slight  changes  in  the  contact  pressure. 
This  is  detrimental  to  accurate  detection  of  the  shape 
of  the  object. 

20  Further,  as  has  been  described,  the  probe  shaft 
C  has  a  rectangular  cross  section  and  is  loosely  fitted 
in  the  through  hole  of  the  bearing  B  which  thus  can 
move  along  its  axis,  but  cannot  rotate  around  its  axis. 
Obviously,  more  labor  and  time  are  required  to  fit  a 

25  bearing  bush  into  the  gap  between  the  through  hole 
and  the  shaft  C  and  adjust  this  gap,  than  to  place  a 
bush  into  the  gap  between  a  circular  hole  and  a  shaft 
having  a  circular  cross  section  and  adjust  the  gap. 

In  the  displacement-measuring  apparatus  H, 
30  shown  in  Fig.  16,  the  screw  is  turned  to  adjust  the 

opening  of  the  air  passage  Q.  The  rate  at  which  the 
airflows  outside  through  the  air  outlet  port  S  is  there- 
by  controlled,  thus  adjusting  the  contact  pressure  the 
stylus  L  applies  to  the  object.  However,  no  measures 

35  are  taken  against  changes  in  the  characteristic  of  the 
air  bearing  J  or  changes  in  the  contact  pressure. 

The  pin  N  set  in  screw  engagement  in  a  hole 
made  in  the  wall  of  the  housing  I  is  loosely  fitted  in  the 
U-groove  M  cut  in  the  outer  periphery  of  the  shaft  K 

40  and  extending  along  the  axis  of  the  shaft  K.  Hence, 
the  pin  N  prevents  the  probe  shaft  K  from  rotating 
around  its  axis.  The  pin  N  hinders  smooth  moving  of 
the  shaft  K.  Due  to  the  friction  between  the  pin  N  and 
the  shaft  K,  the  shaft  K  may  fail  to  move  faithfully  to 

45  the  motion  of  the  stylus  L 
A  probe  arrangment  similar  to  the  one  described 

above  in  connection  with  figure  16  and  disclosing  the 
features  of  the  preamble  of  claim  1  is  known  from  EP- 
A-0  100  716.  This  arrangement  comprises  a  probe 

so  shaft  axially  movably  supported  by  an  air  bearing 
within  a  casing.  A  contact  pressure  applied  to  an  ob- 
ject  to  be  examined  by  a  stylus  connected  to  the 
probe  shaft  tip  end  can  be  adjusted  like  in  the  above 
known  prior  art  only  by  varying  the  pressure  supplied 

55  to  the  air  bearing  within  a  certain  range,  therefore 
having  similar  disadvantages  like  the  prior  art  of  fig- 
ure  16. 

Accordingly,  the  object  of  the  present  invention  is 
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to  provide  a  displacement-measuring  apparatus  in 
which  little  heat,  if  any,  is  generated,  and  in  which  the 
contact  pressure  applied  to  an  object  scarcely 
changes. 

According  to  the  invention,  there  is  provided  a 
displacement-measuring  apparatus  comprising:  a 
cylindrical  housing;  a  static-pressure  bearing  located 
in  the  housing;  a  probe  shaft  supported  by  the  bearing 
in  non-contact  fashion  and  movable  in  an  axial  direc- 
tion;  a  stylus  connected  to  one  end  of  the  probe  shaft, 
for  applying  a  contact  pressure  to  an  object;  a  pres- 
sure-adjusting  section  for  adjusting  the  contact  pres- 
sure  applied  from  the  stylus  to  the  object;  a  pressure- 
detecting  section  for  detecting  the  contact  pressure 
applied  from  the  stylus  to  the  object;  and  a  pressure- 
controlling  section  for  generating  a  control  signal  in 
accordance  with  the  contact  pressure  detected  by  the 
pressure-detecting  section  and  supplying  the  control 
signal  to  the  pressure-adjusting  section,  thereby  to 
control  the  contact  pressure. 

In  operation,  the  pressure-detecting  section  de- 
tects  the  contact  pressure  the  stylus  applies  to  the  ob- 
ject.  In  accordance  with  the  contact  pressure  thus  de- 
tected,  the  pressure-adjusting  section  controls  the 
contact  pressure  in  real  time.  Hence,  the  contact 
pressure  is  minutely  controlled,  faithfully  to  slight 
changes  in  the  contact  pressure.  Since  the  pressure- 
adjusting  section  generates  virtually  no  heat,  the  ap- 
paratus  can  measure  the  displacement  of  the  object 
with  high  accuracy. 

This  invention  can  be  more  fully  understood  from 
the  following  detailed  description  when  taken  in  con- 
junction  with  the  accompanying  drawings,  in  which: 

Fig.  1  shows  a  displacement-measuring  appara- 
tus  according  to  a  first  embodiment  of  the  inven- 
tion; 
Fig.  2  is  a  cross-sectional  view  showing  the  con- 
tact  pressure  detecting  section  of  the  apparatus 
shown  in  Fig.  1; 
Fig.  3  shows  a  displacement-measuring  appara- 
tus  according  to  a  second  embodiment  of  the  in- 
vention; 
Fig.  4  is  a  cross-sectional  view  of  a  pressure  shaft 
(3)  ,  for  adjusting  the  contact  pressure  said  stylus 
(4)  is  applying  to  the  object, 

wherein  said  contact  pressure  adjusting 
section  includes  an  exhaustion  adjusting  plate 
(91)  loosely  holding  said  probe  shaft,  a  step  por- 
tion  defined  by  the  large-diameter  portion  and 
small-diameter  portion  of  said  probe  shaft  (3)  and 
located  in  the  vicinity  of  said  exhaustion  adjusting 
plate  (91),  a  plurality  of  restriction  holes  for  sup- 
plying  compressed  air  into  a  space  defined  by 
said  exhaustion  adjusting  plate  (91)  and  said  step 
portion,  and  air-supplying  means  for  supplying 
compressed  air  under  a  variable  pressure  into 
said  restriction  holes. 
11.  An  apparatus  according  to  claim  10,  charac- 

terized  by  further  comprising: 
a  contact  pressure  detecting  section  (8)  con- 

nected  to  said  probe  shaft  (3),  for  detecting  the  con- 
tact  pressure  applied  from  said  stylus  (4)  to  the  ob- 

5  ject;  and 
contact  pressure  controlling  section  (9-3)  for 

generating  a  control  signal  from  the  contact  pressure 
detected  by  said  contact  pressure  detecting  section 
(8)  and  supplying  the  control  signal  to  said  air-supply- 

10  ing  means  (78a,  78b),  thereby  to  change  the  pressure 
of  the  compressed  air  and,  hence,  to  control  the  con- 
tact  pressure  said  stylus  (4)  is  applying  to  the  object. 

12.  An  apparatus  according  to  claim  5,  7,  9,  or  11, 
characterized  in  that  part  of  said  static-pressure  bear- 

15  ing  (2)  comprises  a  hollow  cylindrical  bush  (19),  a 
plurality  of  restriction  holes  formed  in  said  bush  and 
equidistantly  spaced  apart  along  the  circumference  of 
said  bush  (19),  for  supplying  air  into  the  gap  between 
said  probe  shaft  (3)  and  said  bush  (19),  a  first  set  of 

20  grooves(104,  104a,  104b)formedintheinnersurface 
of  said  bush  (19),  extending  along  the  axis  of  said 
bush  (19),  and  each  opposing  at  least  one  restriction 
hole,  and  a  second  set  of  grooves  (105,  105a,  105b) 
formed  in  a  length-measuring  section  6.  The  stylus  4 

25  is  connected  to  the  distal  end  of  the  probe  shaft  3  and 
positioned  coaxial  with  the  shaft  3.  It  is  set  in  direct 
contact  with  an  object  in  order  to  measure  the  dis- 
placement  of  the  object.  The  stopper  5  is  arranged  be- 
tween  the  shaft  3  and  the  stylus  4,  for  restricting  the 

30  axial  movement  of  the  probe  shaft  3.  The  length- 
measuring  section  6  is  attached  to  the  proximal  end 
of  the  probe  shaft  3.  The  section  6  has  a  corner  cube 
6a  which  is  designed  to  detect  the  displacement  of  the 
probe  shaft  3. 

35  The  apparatus  P1  has  a  contact-pressure  adjust- 
ing  section  7,  a  contact-pressure  detecting  section  8, 
and  a  contact-pressure  controlling  section  9.  The  sec- 
tion  7  is  located  in  the  proximal  end  portion  of  the 
housing  1  and  mounted  on  the  probe  shaft  3.  The  sec- 

40  tion  8  is  located  between  the  shaft  3  and  the  stopper 
5,  for  detecting  the  contact  pressure  applied-f  rom  the 
stylus  4  to  the  object  and  generating  an  electric  signal 
representing  the  pressure  detected.  The  section  9  is 
an  electric  device  for  generating  a  control  signal  from 

45  the  signal  generated  by  the  contact  pressure  detect- 
ing  section  8  and  supplying  the  control  signal  to  the 
contact  pressure  adjusting  section  7. 

The  housing  1  comprises  five  parts  10  to  14.  The 
first  part  10  surrounds  the  corner  cube  6a  and  is  posi- 

50  tioned  coaxial  therewith.  The  second  part  11  is  cou- 
pled  to  the  first  part  1  0  and  holds  the  contact  pressure 
adjusting  section  7.  The  third  part  12  is  connected  to 
the  second  part  11  and  holds  the  air  bearing  2.  The 
fourth  part  13  is  connected  to  the  third  part  12,  sur- 

55  rounds  the  contact  pressure  detecting  section  8,  and 
is  located  coaxial  therewith.  The  fifth  part  14  is  cou- 
pled  to  the  fourth  part  13,  loosely  holds  the  stopper 
5,  and  is  positioned  coaxial  therewith. 

3 
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The  fifth  part  14  of  the  housing  1  comprises  a  cyl- 
indrical  section  15  and  an  end  plate  16  closing  the  dis- 
tal  end  of  the  cylindrical  section  15.  The  cylindrical 
section  15  has  a  tapered  circumferential  surface  16a. 
A  through  hole  17  is  formed  in  the  cylindrical  section 
1  5  and  opens  at  one  end  in  the  surface  1  6a  and  at  the 
other  end  at  the  inner  surface.  A  through  hole  18  is 
formed  in  the  end  plate  16,  coaxial  with  the  stopper 
5. 

The  air  bearing  2  is  formed  of  a  hollow  cylindrical 
metal  bush  19.  Two  annular  guide  grooves  20  are  cut 
in  the  outer  circumferential  surface  of  the  bush  19. 
Restriction  holes  21  are  made  in  the  bottom  of  either 
guide  groove  20,  narrowing  toward,  and  opening  at, 
the  inner  circumferential  surface  of  the  bush  19.  Out- 
let  holes  22  are  made  in  that  thick-wall  portion  of  the 
bush  19  which  is  located  between  the  annular  guide 
grooves  20.  The  holes  22  are  equidistantly  spaced  a 
part  around  the  circumference  of  the  bush  19.  Com- 
pressed  air  is  jetted  from  the  grooves  20  via  the  re- 
striction  holes  21  into  the  interior  of  the  air  bearing  2. 
The  air  is  discharged  from  the  bush  19  through  the 
outlet  holes  22. 

Another  set  of  outlet  holes  22a  are  made  in  the 
third  part  12  of  the  housing  1  and  positioned  coaxial 
with  the  outlet  holes  22  of  the  metal  bush  19.  The  third 
part  12  has  two  inlet  holes  24  which  communicate 
with  the  annular  guide  grooves  20  of  the  bush  19.  It 
is  through  these  inlet  holes  24  that  compressed  air  is 
supplied  to  the  guide  groove  20  and  ultimately  into  the 
interior  of  the  air  bearing  2.  Both  inlet  holes  24  are 
connected  to  a  source  of  compressed  air  (not  shown). 

The  stopper  5  is  comprised  of  a  shaft  25  and  a 
flange  26.  The  shaft  25  is  coupled  to  the  probe  shaft 
3  and  is  coaxial  therewith.  Its  distal  end  portion  pro- 
trudes  from  the  distal  end  of  the  housing  1,  extending 
through  the  hole  18  of  the  end  plate  16.  The  flange  26 
is  mounted  on  the  middle  portion  of  the  shaft  25.  The 
flange  26  can  move  in  the  axial  direction  of  the  probe 
shaft  3  in  the  space  between  the  fourth  part  13  of  the 
housing  1  and  the  end  plate  16.  Hence,  the  stopper  5 
can  move  back  and  forth,  for  the  distance  between 
the  housing  part  13  and  the  end  plate  16. 

The  stylus  4  comprises  a  main  shaft  27  and  a 
ruby  ball  28.  The  main  shaft  has  a  pointed  distal  end. 
The  ruby  ball  28  is  connected  to  the  pointed  end  of  the 
main  shaft  27. 

The  length-measuring  section  6  comprises  the 
corner  cube  6a  and  a  laser  interferometry  length- 
measuring  device  32.  The  corner  cube  6a  has  two  re- 
flection  surfaces  29a  and  29b  at  its  proximal  end. 
These  surfaces  29a  and  29b  incline  at  45°  to  the  axis 
of  the  probe  shaft  3  and  intersect  at  90°  with  each 
other.  The  laser  interferometry  length-measuring  de- 
vice  32  applies  a  laser  beam  30  to  the  first  reflection 
surface  29a  along  the  axis  of  the  probe  shaft  3,  and 
detects  the  displacement  of  the  probe  shaft  3  from 
the  interference  characteristic  of  the  laser  beam  31 

reflected  by  both  reflection  surfaces  29a  and  29b  and 
applied  to  the  device  32  along  the  axis  of  the  shaft  3. 

The  contact  pressure  adjusting  section  7  com- 
prises  a  hollow  cylindrical  bobbin  33,  a  pair  of  perma- 

5  nent  magnets  34  and  35,  a  pair  of  coils  36  and  37,  and 
a  hollow  cylindrical  core  38.  The  core  38  is  mounted 
on  the  probe  shaft  3.  The  bobbin  33  surrounds  the 
core  38  and  has  two  annular  U-grooves  cut  in  its  outer 
circumferential  surface.  The  magnets  34  and  35  are 

10  ring-shaped  and  fitted  in  the  U-grooves.  The  coils  36 
and  37  are  wound  around  the  magnets  34  and  35. 

Electric  power  is  supplied  to  the  coils  36  and  37 
from  a  power  supply  (not  shown).  The  power  is 
changed,  thereby  changing  the  magnetic  force  gen- 

15  erated  between  the  magnet  34  and  the  coil  36,  and 
also  changing  the  magnetic  force  generated  between 
the  magnet  35  and  the  coil  37.  When  supplied  with 
electric  power,  either  coil  generates  heat.  Nonethe- 
less,  the  heat  is  radiated  effectively  from  the  second 

20  part  11  of  the  housing  1  since  heat-radiating  annular 
fins  39  are  mounted  on  the  second  housing  part  11. 

When  electric  power  is  supplied  to  neither  the  coil 
36  nor  the  coil  37,  the  magnetic  force  generated  be- 
tween  the  core  38  and  the  magnets  34  and  35  thrusts 

25  the  probe  shaft  3  to  the  right,  whereby  the  stylus  4  ap- 
plies  a  permanent  contact  pressure  PO  to  an  object. 
When  electric  power  is  supplied  to  the  coils  36  and 
37,  a  magnetic  force  is  generated  between  the  core 
38  and  the  coils  36  and  37.  This  force  is  added  to  the 

30  magnetic  force  generated  between  the  core  38  and 
the  magnets  34  and  35,  whereby  the  contact  pressure 
increases  from  the  permanent  value  PO  to  a  desired 
value  PA. 

As  is  best  shown  in  Fig.  2,  the  contact  pressure 
35  detecting  section  8  comprises  an  elastic  solid  cylinder 

40  and  strain  detecting  means  41  (such  as  strain 
gauges).  The  elastic  cylinder  40  is  clamped  between 
the  probe  shaft  3  and  the  shaft  25  of  the  stopper  5  and 
is  positioned  coaxial  therewith.  The  strain  gauges  41 

40  are  bonded  on  the  circumferential  surface  of  the  cy- 
linder  40  and  equidistantly  spaced  a  part  along  the 
circumference  of  the  cylinder  40.  The  strain  gauges 
41  generate  displacement  signals  SAof  the  voltages 
which  represent  the  strain  applied  to  the  elastic  cylin- 

45  der40.  The  fourth  housing  part  13,  which  surrounds 
the  elastic  cylinder  40,  has  through  holes  42  which  ex- 
tend  in  radial  direction  of  the  part  13.  Wires  extend 
through  these  holes  42  and  are  connected  at  one  end 
to  the  strain  gauges  41. 

so  The  contact  pressure  controlling  section  9  com- 
prises  an  amplifier  43,  a  first  operation  unit  44,  a  con- 
tact  pressure  setting  unit  45,  a  control  unit  48,  ampli- 
fiers  49  and  50,  a  second  operation  unit  51.  The  am- 
plifier  43  is  electrically  connected  by  the  wires  to  the 

55  strain  gauges  41  ,  foramplifying  the  displacement  sig- 
nals  SA  generated  by  the  strain  gauges  41.  The  first 
operation  un  it  44  is  con  nected  to  the  output  of  the  am- 
plifier  43.  The  unit  44  receives  the  amplified  displace- 

4 



7 EP  0  471  371  B1 8 

ment  signals  SB  from  the  amplifier  43  and  calculates, 
from  the  signals  SB,  the  strain  along  the  axis  of  the 
elastic  cylinder  40  which  is  proportional  to  the  contact 
pressure  P  in  terms  of  contact  pressure  P.  The  unit  44 
also  calculates  the  inclination  of  the  cylinder  40  with  5 
respect  to  the  axis  of  the  probe  shaft  3. 

The  contact  pressure  setting  unit  45  is  operated 
to  set  a  desired  contact  pressure,  i.e.,  a  target  contact 
pressure  PA.  The  control  unit  48  receives  an  electric 
signal  SC  output  by  the  unit  44,  and  also  an  electric  10 
signal  SD  output  by  the  unit  45.  The  signal  SC  repre- 
sents  both  the  pressure  P  calculated  by  the  unit  44 
and  the  inclination  AT.  The  unit  48  outputs  two  control 
signals  SE  and  SF  for  eliminating  the  difference  AP 
between  the  target  contact  pressure  PAset  by  the  unit  15 
45  and  the  contact  pressure  P  detected  by  the  section 
8. 

The  amplifiers  49  and  50  amplify  the  control  sig- 
nals  SE  and  SF  output  by  the  control  unit  48,  respec- 
tively.  The  signals  SE  and  SF,  thus  amplified,  are  sup-  20 
plied  to  the  coils  36  and  37.  The  second  operation  unit 
51  receives  the  signal  SC  and  a  displacement  signal 
SG.  The  signal  SC  output  by  the  first  operation  unit 
44  represents  the  contact  pressure  P  and  the  inclin- 
ation  AT,  as  has  been  described.  The  displacement  25 
signal  SG  has  been  output  by  the  laser  interferometry 
length-measuring  device  32  and  represents  the  dis- 
placement  of  the  probe  shaft  3.  The  second  operation 
unit  51  calculates  the  actual  displacement  of  the 
probe  shaft  3  from  the  strain  s  and  the  inclination  AT.  30 

The  operation  of  the  displacement-measuring  ap- 
paratus  P1  described  above  will  now  be  explained. 

First,  compressed  air  is  supplied  into  the  annular 
guide  grooves  20  through  the  inlet  holes  24.  The  air 
is  further  supplied  into  the  gap  between  the  probe  35 
shaft  3  and  the  housing  1  via  the  restriction  holes  21 
made  in  the  bottoms  of  the  guide  grooves  20.  As  a  re- 
sult,  the  air  bearing  2  supports  the  probe  shaft  3  in 
non-contact  fashion  while  positioning  the  shaft  3  co- 
axial  with  the  housing  1.  The  compressed  air  jetting  40 
through  the  restriction  holes  21  is  discharged  from 
the  apparatus  P1  through  the  outlet  holes  22  of  the 
metal  bush  19,  the  outlet  holes  22a  of  the  third  hous- 
ing  part  12,  and  finally  through  the  hole  17  of  the  fifth 
housing  part  14  and  the  through  holes  42  of  the  fourth  45 
housing  part  13. 

Next,  the  apparatus  P1  is  positioned,  bringing  the 
stylus  4  into  contact  with  an  object.  At  this  time,  the 
contact  pressure  controlling  section  9  and  the  length- 
measuring  device  32  are  already  operative.  The  de-  50 
vice  32  applies  a  laser  beam  30  to  the  first  reflection 
surface  29a  of  the  corner  cube  6a,  receives  the  laser 
beam  31  reflected  from  the  second  reflection  surface 
29b  of  the  corner  cube  6a,  and  measures  the  dis- 
placement  of  the  probe  shaft  3.  Meanwhile,  a  prede-  55 
termined  power  is  supplied  to  the  coils  36  and  37  of 
the  contact  pressure  adjusting  section  7. 

When  the  stylus  4  contacts  the  object,  the  probe 

shaft  3  tends  to  move  backwards,  in  the  direction  of 
arrow  52a  as  is  shown  in  Fig.  1  .  However,  it  is  pushed 
forward  in  the  direction  of  arrow  52b,  due  to  the  mag- 
netic  force  generated  between  the  core  38  and  the 
permanent  magnets  34  and  35,  and  also  due  to  the 
magnetic  force  generated  between  the  core  38  and 
the  coils  36  and  37.  As  a  result,  the  stylus  4  applies 
a  contact  pressure  to  the  object,  giving  a  strain  to  the 
elastic  cylinder  40  and,  hence,  deforming  the  cylinder 
40. 

Then,  the  strain  gauges  41  bonded  to  the  circum- 
ferential  surface  of  the  elastic  cylinder  40  generate 
displacement  signals  SA,  each  representing  the  vol- 
tage  equivalent  to  the  strain  the  gauge  41  detects. 
These  signals  SAare  supplied  to  the  contact  pressure 
controlling  section  9.  In  the  section  9,  the  amplifier  43 
amplifies  the  signals  SA  and  outputs  signals  SB, 
which  are  supplied  to  the  first  operation  unit  44.  The 
unit  44  calculates  the  strain  along  the  axis  of  the  elas- 
tic  cylinder  40  which  is  proportional  to  the  contact 
pressure  P,  and  also  determines  the  inclination  AT  of 
the  cylinder  40  with  respect  to  the  axis  of  the  probe 
shaft  3,  and  generates  an  electric  signal  SC  which 
represents  both  the  contact  pressure  P  and  the  inclin- 
ation  AT. 

In  the  meantime,  the  contact  pressure  setting 
unit  45  sets  a  target  contact  pressure  PA  which  the 
stylus  4  should  apply  to  the  object,  and  outputs  a  tar- 
get-pressure  signal  SD.  The  control  unit  48  receives 
the  target-pressure  signal  SD  and  also  the  electric 
signal  SC  output  by  the  first  operation  unit  44.  The 
unit  48  outputs  two  control  signals  SE  and  SF  for 
eliminating  the  difference  AP  between  the  target  con- 
tact  pressure  PA  set  by  the  unit  45  and  the  contact 
pressure  P.  The  control  signals  SE  and  SF  are  input 
to  the  amplifiers  49  and  50,  which  amplify  the  signals 
SE  and  SF  output  by  the  control  unit  48,  respectively. 
The  outputs  of  the  amplifiers  49  and  50,  i.e.,  ampli- 
fied  signals  SE'  and  SF'  are  supplied  to  the  coils  36 
and  37. 

In  accordance  with  the  magnitudes  of  the  signals 
SE'  and  SF',  the  coils  36  and  37  generate  magnetic 
fields  which  create.a  magnetic  force.  This  magnetic 
force  is  added  to  the  magnetic  force  generated  be- 
tween  the  core  38  and  the  permanent  magnets  34 
and  35.  As  a  result,  the  contact  pressure  applied  from 
the  stylus  4  to  the  object  increases  from  the  perma- 
nent  value  PO  to  the  target  value  PA. 

The  feedback  control  described  above  is  per- 
formed  in  real  time,  throughout  the  displacement- 
measuring  operation. 

Meanwhile,  the  second  operation  unit  51  re- 
ceives  the  signal  SC  output  by  the  first  operation  unit 
44  and  the  displacement  signal  SG  supplied  by  the 
length-measuring  device  32.  As  has  been  described, 
the  signal  SC  represents  the  contact  pressure  P  and 
the  inclination  AT  of  the  elastic  cylinder  40,  whereas 
the  signal  SG  represents  the  displacement  of  the 
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probe  shaft  3.  From  these  input  signals  SC  and  SG, 
which  represent  the  strain  s  along  the  axis  of  the  cy- 
linder  40  and  the  inclination  AT  thereof,  the  second 
operation  unit  51  calculates  the  actual  displacement 
of  the  probe  shaft  3,  and  generates  data  representing 
the  actual  displacement  of  the  shaft  3.  This  data  is 
supplied  to  a  display  (not  shown),  whereby  the  actual 
displacement  of  the  probe  shaft  3  is  monitored. 

As  has  been  explained,  in  the  displacement- 
measuring  apparatus  P1  (Fig.  1),  the  contact  pres- 
sure  detecting  section  8  detects  the  contact  pressure 
applied  from  the  stylus  4  to  the  object,  and  the  contact 
pressure  adjusting  section  7  is  controlled  in  accor- 
dance  with  the  contact  pressure  thus  detected,  there- 
by  to  change  the  pressure  to  a  target  value.  Hence, 
the  contact  pressure  applied  from  the  stylus  to  the  ob- 
ject  is  adjusted  in  real  time. 

As  as  been  described,  the  contact  pressure  ap- 
plied  to  the  object  results  not  only  from  the  magnetic 
force  generated  between  the  core  38  and  the  coils  36 
and  37,  but  also  from  the  magnetic  force  generated 
between  the  core  38  and  the  permanent  magnets  34 
and  35.  The  electric  power  supplied  to  the  coils  36 
and  37  is  less  than  what  it  should  be  if  the  permanent 
magnets  34  and  35  were  not  used.  The  heat  these 
coils  36  and  37  generate  is  therefore  proportionally 
less  than  in  the  case  where  neither  coils  is  provided. 
Obviously,  this  helps  to  measure  the  displacement  of 
the  probe  shaft  3  with  high  precision.  The  apparatus 
P1  can  therefore  have  high  displacement-measuring 
accuracy. 

Fig.  3  shows  a  displacement-measuring  appara- 
tus  P2  according  to  a  second  embodiment  of  the  in- 
vention.  Some  of  the  components  of  this  apparatus 
P2  are  identical  to  the  corresponding  components  of 
the  apparatus  P1  (i.e.,  the  first  embodiment  of  the  in- 
vention).  Therefore,  they  are  designated  by  the  same 
numerals  in  Fig.  3,  and  will  not  be  described  in  detail. 

As  is  shown  in  Figs.  4  and  5,  the  contact  pressure 
adjusting  section  7-1  of  the  apparatus  P2  comprises 
three  spacers  61  made  of  non-magnetic  material, 
three  piezoelectric  actuators  62  each  being  a  lamin- 
ate  of  plates,  three  plate-like  yokes  63  made  of  ferro- 
magnetic  material,  three  pairs  of  permanent  magnets 
64,  and  three  pairs  of  permanent  magnets  65. 

The  spacers  61  are  secured  to  the  inner  circum- 
ferential  surface  of  a  second  part  11  of  a  housing  1, 
and  are  equidistantly  spaced  apart  along  the  circum- 
ference  of  the  housing  1  .  The  piezoelectric  actuators 
62  are  connected  to  the  spacers  61  ,  respectively.  The 
yokes  63  are  fixed  to  the  piezoelectric  actuators  62, 
respectively,  and  have  each  a  curving  surface  defin- 
ing  a  circle  concentric  to  the  housing  1.  The  perma- 
nent  magnets  64  of  each  pair,  both  bent  gently  along 
a  circle  concentric  to  the  housing  1  ,  are  connected  to 
the  corresponding  yoke  63.  As  is  evident  from  Fig.  5, 
the  magnets  64  and  65  are  spaced  apart  from  each 
other  along  a  line  parallel  to  the  axis  of  the  housing 

1  ,  with  the  N  pole  of  the  first  magnet  64  opposing  the 
S  pole  of  the  second  magnet  64.  The  three  pairs  of 
permanent  magnets  65  are  mounted  on  the  circum- 
ferential  surface  of  the  probe  shaft  3  located  within 

5  the  housing  1  and  coaxial  therewith.  These  magnet 
pairs  are  equidistantly  spaced  apart  along  the  circum- 
ference  of  the  probe  shaft  3.  The  magnets  65  of  each 
pair  are  set  apart  from  each  other  in  a  line  parallel  to 
the  axis  of  the  shaft  3,  with  the  N  pole  of  the  first  mag- 

10  net  65  opposing  the  S  pole  of  the  second  magnet  65. 
The  apparatus  P2  comprises  a  contact  pressure 

controlling  section  9-1.  The  section  9-1  is  identical  to 
the  contact  pressure  controlling  section  9  of  the  ap- 
paratus  P1  (Fig.  1),  except  that  one  amplifier  68  is 

15  used  in  place  of  the  amplifiers  49  and  50.  In  the  sec- 
tion  9-1,  the  amplifier  68  is  connected  to  the  control 
unit  48. 

The  piezoelectric  actuators  62  of  the  contact 
pressure  adjusting  section  7-1  are  connected  to  the 

20  amplifier  68.  When  a  voltage  is  applied  to  the  actua- 
tors  62  from  the  amplifier  68,  the  actuators  62  expand 
or  contract  in  the  radial  direction  of  the  housing  1. 
Each  piezoelectric  actuator  62  has  been  prepared  by 
the  following  method. 

25  First,  a  sintered  ceramic  mass  is  cut  into  plates. 
Then,  the  ceramic  plates  are  processed.  Next,  the 
processed  ceramic  plates  are  laid  one  upon  another. 
An  electrode  is  coated  on  the  uppermost  plate,  and 
another  electrode  is  coated  on  the  lowermost  plate. 

30  Finally,  the  ceramic  plates  are  adhered  together  or 
pressed  bonded,  forming  a  laminate  of  ceramic 
plates.  Preferably,  the  ceramic  is  Pb(Zr,  Ti)03  (PZT), 
PbTi03  (PT),  or  (Pb,  La)(Zr,  Ti)03  (PLZT). 

The  permanent  magnets  64  of  each  pair  are  se- 
35  cured  to  the  corresponding  yoke  63,  such  that  the  N 

pole  of  the  first  magnet  64  opposes  the  S  pole  of  the 
second  magnet  64  as  is  evident  from  Fig.  5.  Similarly, 
the  permanent  magnets  65  of  each  pair  are  arranged 
on  the  probe  shaft  3,  such  that  the  N  pole  of  the  first 

40  magnet  65  opposes  the  S  pole  of  the  second  magnet 
65  as  is  shown  in  Fig.  5.  Therefore,  the  magnetic 
fluxes  these  magnets  64  and  65  form  a  magnetic  cir- 
cuit  66  indicated  by  broken  lines  in  Fig.  5.  The  gap  be- 
tween  any  pair  of  the  magnets  64  and  the  corre- 

45  sponding  pair  of  magnets  65  is  adjusted  as  the  pie- 
zoelectric  actuator  62  expands  or  contracts  in  the  di- 
rection  of  arrow  67. 

The  operation  of  the  displacement-measuring 
apparatus  P2  shown  in  Figs.  3,  4  and  5  will  now  be 

so  explained. 
First,  compressed  air  is  supplied  from  a  source  of 

compressed  air  (not  shown)  into  the  annular  guide 
grooves  20  through  the  inlet  holes  24.  The  air  is  fur- 
ther  supplied  into  the  gap  between  the  probe  shaft  3 

55  and  the  housing  1  via  the  restriction  holes  21  made 
in  the  bottoms  of  the  guide  grooves  20.  As  a  result, 
the  air  bearing  2  supports  the  probe  shaft  3  in  non- 
contact  fashion,  positioning  the  shaft  3  coaxial  with 
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the  housing  1  .  The  compressed  air  jetting  through  the 
restriction  holes  21  is  discharged  from  the  apparatus 
P2  via  the  outlet  holes  22  of  the  metal  bush  19,  the 
outlet  holes  22a  of  the  third  housing  part  12,  and  fi- 
nally  through  the  hole  17  of  the  fifth  housing  part  14 
and  the  through  holes  42  of  the  fourth  housing  part 
13. 

Next,  the  apparatus  P2  is  positioned,  bringing  the 
stylus  4  into  contact  with  an  object.  At  this  time,  the 
contact  pressure  controlling  section  9-1  and  the 
length-measuring  device  32  are  already  operative. 
The  device  32  applies  a  laser  beam  30  to  the  first  re- 
flection  surface  29a  of  the  corner  cube  6a,  receives 
the  laser  beam  31  reflected  from  the  second  reflec- 
tion  surface  29b  of  the  corner  cube  6a,  and  measures 
the  displacement  of  the  probe  shaft  3.  Meanwhile,  a 
predetermined  power  is  supplied  to  the  coils  36  and 
37  of  the  contact  pressure  adjusting  section  7-1. 

When  the  stylus  4  contacts  the  object,  the  probe 
shaft  3  tends  to  move  backwards,  in  the  direction  of 
arrow  52a  as  is  shown  in  Fig.  3.  However,  it  is  pushed 
forward  in  the  direction  of  arrow  52b,  due  to  the  mag- 
netic  force  generated  between  the  permanent  mag- 
nets  64,  on  the  one  hand,  and  the  permanent  mag- 
nets  65,  on  the  other.  As  a  result,  the  stylus  4  applies 
a  contact  pressure  to  the  object,  giving  a  strain  to  the 
elastic  cylinder  40  and,  hence,  deforming  the  cylinder 
40. 

Then,  the  strain  gauges  41  bonded  to  the  circum- 
ferential  surface  of  the  elastic  cylinder  40  generate 
displacement  signals  SA,  each  representing  the  vol- 
tage  equivalent  to  the  strain  the  gauge  41  detects. 
These  signals  SAare  supplied  to  the  contact  pressure 
controlling  section  9-1.  In  the  section  9-1,  the  ampli- 
fier  43  amplifies  the  signals  SA  and  outputs  signals 
SB,  which  are  supplied  to  the  first  operation  unit  44. 
The  unit  44  calculates  the  strain  along  the  axis  of  the 
elastic  cylinder  40  which  is  proportional  to  the  contact 
pressure  P,  and  also  determines  the  inclination  AT  of 
the  cylinder  40  with  respect  to  the  axis  of  the  probe 
shaft  3,  and  generates  an  electric  signal  SC  which 
represents  both  the  contact  pressure  P  and  the  inclin- 
ation  AT. 

In  the  meantime,  the  contact  pressure  setting 
unit  45  sets  a  target  contact  pressure  PA  which  the 
stylus  4  should  apply  to  the  object,  and  outputs  a  tar- 
get-pressure  signal  SD.  The  control  unit  48  receives 
the  target-pressure  signal  SD  and  also  the  electric 
signal  SC  output  by  the  first  operation  unit  44.  The 
unit  48  outputs  a  control  signal  SH  for  eliminating  the 
difference  AP  between  the  target  contact  pressure  PA 
set  by  the  unit  45  and  the  contact  pressure  P.  The  con- 
trol  signal  SH  is  input  to  the  amplifier  68,  which  am- 
plifies  the  control  signal  SH  output  by  the  control  unit 
48.  The  output  of  the  amplifier  68,  i.e.,  the  amplified 
signal  SH',  is  supplied  to  the  piezoelectric  actuators 
62  of  the  contact  pressure  adjusting  section  7-1. 

In  accordance  with  the  magnitude  of  the  control 

signal  SH',  the  piezoelectric  actuators  62  expand  or 
contract  in  the  direction  of  arrows  67  as  is  shown  in 
Fig.  5.  As  a  result,  the  gap  between  any  pair  of  per- 
manent  magnets  64  and  the  corresponding  pair  of 

5  permanent  magnets  65  changes,  whereby  the  mag- 
netic  attraction  between  the  pairs  of  magnets 
changes  in  inverse  proportion  to  the  gap,  as  can  be 
understood  from  the  graph  of  Fig.  6.  That  is,  the  ex- 
pansion  or  contraction  of  each  actuator  62  is  control- 

10  led  by  the  control  signal  SH',  thereby  adjusting  the 
contact  pressure  the  stylus  4  applies  to  the  object. 

In  Fig.  6,  the  magnetic  attraction  between  the 
magnets  64,  on  the  one  hand,  and  the  magnets  65, 
on  the  other,  is  plotted  on  the  vertical  axis,  whereas 

15  the  gap  between  these  two  sets  of  magnets  is  plotted 
on  the  horizontal  axis.  As  is  evident  from  Fig.  6,  the 
magnetic  attraction  can  be  greatly  changed  by  vary- 
ing  the  gap  a  little,  as  long  as  the  gap  falls  in  a  region 
where  the  slope  of  curve  A  is  acute. 

20  Meanwhile,  the  second  operation  unit  51  re- 
ceives  the  signal  SC  output  by  the  first  operation  unit 
44  and  the  displacement  signal  SG  supplied  by  the 
length-measuring  device  32.  As  has  been  described, 
the  signal  SC  represents  the  contact  pressure  P  and 

25  the  inclination  AT  of  the  elastic  cylinder  40,  whereas 
the  signal  SG  represents  the  displacement  of  the 
probe  shaft  3.  From  these  input  signals  SC  and  SG, 
which  represent  the  strain  s  along  the  axis  of  the  cy- 
linder  40  and  the  inclination  AT  thereof,  the  second 

30  operation  unit  51  calculates  the  actual  displacement 
of  the  probe  shaft  3,  and  generates  data  representing 
the  actual  displacement  of  the  shaft  3.  This  data  is 
supplied  to  a  display  (not  shown),  whereby  the  actual 
displacement  of  the  probe  shaft  3  is  monitored. 

35  As  has  been  explained,  in  the  apparatus  P2  (Fig. 
3),  the  contact  pressure  detecting  section  8  detects 
the  contact  pressure  applied  from  the  stylus  4  to  the 
object,  and  the  contact  pressure  adjusting  section  7- 
1  is  controlled  in  accordance  with  the  contact  pres- 

40  sure  thus  detected,  thereby  to  change  the  pressure  to 
a  target  value.  Hence,  the  contact  pressure  applied 
from  the  stylus  to  the  object  is  adjusted  in  real  time. 
Further,  since  the  piezoelectric  actuators  62  of  the 
contact  pressure  adjusting  section  7-1  can  expand  or 

45  contract  very  minutely  in  accordance  with  the  voltage 
of  the  control  signal  SH'  supplied  to  them,  the  contact 
pressure  applied  from  the  stylus  4  to  the  object  can 
be  adjusted  with  high  precision. 

The  piezoelectric  actuators  62  generate  virtually 
so  no  heat,  comparing  with  a  solenoid,  when  the  control 

signal  SH'  is  supplied  to  them.  Hence,  this  also  en- 
ables  the  apparatus  P2  to  have  a  very  high  displace- 
ment-measuring  accuracy. 

Fig.  7  shows  a  displacement-measuring  appara- 
55  tus  P3  according  to  a  third  embodiment  of  the  present 

invention.  Some  of  the  components  of  this  apparatus 
P3  are  identical  to  the  corresponding  components  of 
the  apparatuses  P1  and  P2,  and  are  therefore  desig- 

7 
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nated  by  the  same  numerals  in  Fig.  3  and  will  not  be 
described  in  detail. 

As  is  shown  in  Fig.  7,  the  apparatus  P3  comprises 
a  cylindrical  housing  1,  an  air  bearing  2  (i.e.,  a  static- 
pressure  bearing)  located  in  the  housing  1,  and  a 
probe  shaft  3  supported  in  non-contact  fashion  by  the 
bearing  2,  having  a  circular  cross  section  and  able  to 
move  in  its  axial  direction. 

The  displacement-measuring  apparatus  P3  fur- 
ther  comprises  a  stylus  4,  a  stopper  5,  and  a  length- 
measuring  section  6.  The  stylus  4  is  connected  to  the 
distal  end  of  the  probe  shaft  3  and  positioned  coaxial 
with  the  shaft  3.  It  is  set  in  direct  contact  with  an  object 
in  order  to  measure  the  displacement  of  the  object. 
The  stopper  5  is  arranged  between  the  shaft  3  and 
the  stylus  4,  for  restricting  the  axial  movement  of  the 
probe  shaft  3.  The  length-measuring  section  6  is  at- 
tached  to  the  proximal  end  of  the  probe  shaft  3.  The 
section  6  has  a  corner  cube  6a  which  is  designed  to 
detect  the  displacement  of  the  probe  shaft  3. 

The  apparatus  P3  has  a  contact-pressure  adjust- 
ing  section  7-2,  a  contact-pressure  detecting  section 
8,  and  a  contact-pressure  controlling  section  9-2.  The 
section  7-2  is  located  in  the  proximal  end  portion  of 
the  housing  1  and  mounted  on  the  probe  shaft  3.  The 
section  8  is  located  between  the  shaft  3  and  the  stop- 
per  5,  for  detecting  the  contact  pressure  applied  from 
the  stylus  4  to  the  object  and  generating  an  electric 
signal  representing  the  pressure  detected.  The  sec- 
tion  9-2  is  an  electric  device  for  generating  a  control 
signal  from  the  signal  generated  by  the  contact  pres- 
sure  detecting  section  8  and  supplying  the  control  sig- 
nal  to  the  contact  pressure  adjusting  section  7-2. 

The  housing  1  comprises  five  parts  10  to  14.  The 
first  part  10  surrounds  the  corner  cube  6a  and  is  posi- 
tioned  coaxial  therewith.  The  second  part  11  is  cou- 
pled  to  the  first  part  1  0  and  holds  the  contact  pressure 
adjusting  section  7-2.  The  third  part  12  is  connected 
to  the  second  part  11  and  holds  the  air  bearing  2.  The 
fourth  part  13  is  connected  to  the  third  part  12,  sur- 
rounds  the  contact  pressure  detecting  section  8,  and 
is  located  coaxial  therewith.  The  fifth  part  14  is  cou- 
pled  to  the  fourth  part  1  3,  loosely  holds  the  stopper  5, 
and  is  positioned  coaxial  therewith.  A  stopper  5  is 
loosely  inserted  in  the  fifth  part  14  and  located  co- 
axial  therewith. 

The  air  bearing  2  is  formed  of  a  hollow  cylindrical 
metal  bush  19.  Two  annular  guide  grooves  20  are  cut 
in  the  outer  circumferential  surface  of  the  bush  19. 
Restriction  holes  21  are  made  in  the  bottom  of  either 
guide  groove  20,  narrowing  toward,  and  opening  at, 
the  inner  circumferential  surface  of  the  bush  19.  Out- 
let  holes  22  are  made  in  that  thick-wall  portion  of  the 
bush  19  which  is  located  between  the  annular  guide 
grooves  20.  The  holes  22  are  equidistantly  spaced  a 
part  around  the  circumference  of  the  bush  19.  Com- 
pressed  air  is  jetted  from  the  grooves  20  via  the  re- 
striction  holes  21  into  the  interior  of  the  air  bearing  2. 

The  air  is  discharged  from  the  bush  19  through  the 
outlet  holes  22. 

Another  set  of  outlet  holes  22a  are  made  in  the 
third  part  12  of  the  housing  1  and  positioned  coaxial 

5  with  the  outlet  holes  22  of  the  metal  bush  19.  The  third 
part  12  has  two  inlet  holes  24  which  communicate 
with  the  annular  guide  grooves  20  of  the  bush  19.  It 
is  through  these  inlet  holes  24  that  compressed  air  is 
supplied  to  the  guide  groove  20  and  ultimately  into  the 

10  interior  of  the  air  bearing  2.  Both  inlet  holes  24  are 
connected  to  a  first  compressed  air  source  78a  by 
conduits  24a. 

As  is  shown  in  Figs.  7  and  8,  the  contact  pressure 
adjusting  section  7-2  of  the  apparatus  P3  comprises 

15  a  hollow  cylindrical  electrostrictive  element  71,  a 
shaft  72,  a  conduit  77,  and  a  second  compressed  air 
source  78b.  The  electrostrictive  element  71  is  fitted 
in  the  second  part  11  of  the  housing  1  .  The  shaft  72 
is  loosely  inserted  in  the  element  71.  The  shaft  72  is 

20  integrally  formed  with  the  probe  shaft  3,  extending 
from  the  proximal  end  of  the  shaft  3  and  through  the 
electrostrictive  element  71  and  is  aligned  coaxial 
therewith.  The  shaft  72  has  a  diameter  D1  smaller 
than  that  D2  of  the  shaft  3.  The  junction  between  the 

25  shafts  3  and  72  form  a  stepped  portion,  which  is  lo- 
cated  near  the  electrostrictive  element  71. 

The  conduit  77  is  connected  to  an  air  inlet  hole  76 
which  is  made  in  the  metal  bush  19  and  which  opens 
to  an  annular  U-groove  75  formed  in  the  outer  circum- 

30  ferential  surface  of  the  bush  1  9.  Restriction  holes  74 
are  made  in  the  bottom  of  the  groove  75,  each  nar- 
rowing  toward,  and  opening  at,  the  inner  circumferen- 
tial  surface  of  the  bush  19.  Hence,  compressed  air 
can  be  supplied  from  the  source  78b  via  the  conduit 

35  77,  the  inlet  hole  76,  the  U-groove  75  and  the  restric- 
tion  holes  74  into  an  annular  space  73  which  is  de- 
fined  by  the  proximal  end  of  the  probe  shaft  3,  the 
electrostrictive  element  71  and  the  inner  circumferen- 
tial  surface  of  the  metal  bush  1  9. 

40  The  electrostrictive  element  71  is  electrically 
connected  to  the  contact  pressure  controlling  section 
9-2.  The  element  71  is  made  of  sintered  ceramic,  pre- 
ferably,  the  ceramic  is  Pb(Zr,  Ti)03  (PZT),  PbTi03 
(PT),  or  (Pb,  La)(Zr,  Ti)03  (PLZT).  When  applied  with 

45  a  voltage  from  the  section  9-2,  the  element  71  ex- 
pands  or  contracts  in  the  radial  direction  of  the  hous- 
ing  1. 

As  is  evident  from  Fig.  8,  the  gap  between  the 
element  71  and  the  shaft  72  is  narrower  than  the  gap 

so  s2  between  the  bush  1  9  and  the  probe  shaft  3;  that  is, 
Si  <  s2.  The  gap  changes  as  the  voltage  is  applied 
to  the  element  71  from  the  contact  pressure  control- 
ling  section  9-2. 

The  section  9-2  is  identical  to  the  contact  pres- 
55  sure  controlling  section  9-1  of  the  apparatus  P2  (Fig. 

3).  The  amplifier  79  of  this  section  9-2  is  connected 
to  the  electrostrictive  element  71  of  the  contact  pres- 
sure  adjusting  section  7-2. 

8 
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The  operation  of  the  displacement-measuring  ap- 
paratus  P3  will  now  be  explained. 

First,  compressed  air  is  supplied  from  the  first  air 
source  78a  into  the  gap  between  the  probe  shaft  3 
and  the  housing  1  through  the  conduits  24a,  the  inlet 
holes  24,  the  annular  guide  grooves  20,  and  the  re- 
striction  holes  21.  As  a  result,  the  air  bearing  2  sup- 
ports  the  probe  shaft  3  in  non-contact  fashion,  posi- 
tioning  the  shaft  3  coaxial  with  the  housing  1.  In  the 
meantime,  compressed  air  is  supplied  from  the  sec- 
ond  air  source  78b  into  the  annular  space  73  through 
the  conduit  77,  the  inlet  hole  76,  the  annular  groove 
75,  and  the  restriction  holes  74.  The  pressure  of  the 
air  is  applied,  in  the  directions  of  arrows  shown  in  Fig. 
8,  to  the  electrostrictive  element  71  and  also  to  the 
stepped  portion,  i.e.,  the  junction  between  the  shafts 
3  and  72.  As  a  result,  the  probe  shaft  3  is  slightly 
moved  to  the  right,  whereby  the  stylus  4  applies  a 
contact  pressure  to  the  object  (not  shown).  The  com- 
pressed  air  is  discharged  from  the  apparatus  P3 
through  the  outlet  holes  22  of  the  metal  bush  19,  the 
outlet  holes  22a  of  the  third  housing  part  12,  and  fi- 
nally  through  the  hole  17  of  the  fifth  housing  part  14 
and  the  through  holes  42  of  the  fourth  housing  part 
13. 

Next,  the  apparatus  P3  is  positioned,  bringing  the 
stylus  4  into  contact  with  the  object.  At  this  time,  the 
contact  pressure  controlling  section  9-2  and  the 
length-measuring  device  32  are  already  operative. 
The  device  32  applies  a  laser  beam  30  to  the  first  re- 
flection  surface  29a  of  the  corner  cube  6a,  receives 
the  laser  beam  31  reflected  from  the  second  reflec- 
tion  surface  29b  of  the  corner  cube  6a,  and  measures 
the  displacement  of  the  probe  shaft  3. 

When  the  stylus  4  contacts  the  object,  the  probe 
shaft  3  tends  to  move  backwards,  in  the  direction  of 
arrow  80a  as  is  shown  in  Fig.  7.  However,  it  is  pushed 
forward  in  the  direction  of  arrow  80b  since  the  pres- 
sure  of  the  compressed  air  in  the  annular  space  73 
acts  on  the  proximal  end  of  the  probe  shaft  3  as  is 
shown  in  Fig.  8.  As  a  result,  the  stylus  4  applies  a  con- 
tact  pressure  to  the  object,  giving  a  strain  to  the  elas- 
tic  cylinder  40  and,  hence,  deforming  the  cylinder  40. 

Then,  the  strain  detecting  means  41  on  the  cir- 
cumferential  surface  of  the  elastic  cylinder  40  gener- 
ate  displacement  signals  SA,  each  representing  the 
voltage  equivalent  to  the  strain  the  gauge  41  detects. 
These  signals  SAare  supplied  to  the  contact  pressure 
controlling  section  9-2.  In  the  section  9-2,  the  ampli- 
fier  43  amplifies  the  signals  SA  and  outputs  signals 
SB.  The  signals  SB  are  supplied  to  the  first  operation 
unit  44.  From  these  signals  SB,  the  unit  44  calculates 
the  strain  along  the  axis  of  the  elastic  cylinder  40 
which  is  proportional  to  the  contact  pressure  P,  and 
also  determines  the  inclination  AT  of  the  cylinder  40 
with  respect  to  the  axis  of  the  probe  shaft  3.  The  unit 
44  generates  an  electric  signal  SC  representing  both 
the  contact  pressure  P  and  the  inclination  AT. 

In  the  meantime,  the  contact  pressure  setting 
unit  45  sets  a  target  contact  pressure  PA  which  the 
stylus  4  should  apply  to  the  object,  and  outputs  a  tar- 
get-pressure  signal  SD.  The  control  unit  48  receives 

5  the  signal  SD  and  also  the  electric  signal  SC  output 
by  the  first  operation  unit  44.  The  unit  48  outputs  a 
control  signal  SJ  for  eliminating  the  difference  AP  be- 
tween  the  target  contact  pressure  PA  set  by  the  unit 
35  and  the  contact  pressure  P.  The  control  signal  SJ 

10  is  input  to  the  amplifier  79.  The  amplifier  79  amplifies 
the  control  signal  SJ,  and  outputs  an  amplified  signal 
SJ'.  The  signal  SJ'  is  supplied  to  the  electrostrictive 
element  71  of  the  contact  pressure  adjusting  section 
7-2. 

15  In  accordance  with  the  voltage  of  the  control  sig- 
nal  SJ',  the  electrostrictive  element  71  expands  or 
contracts  in  the  direction  of  arrow  81  shown  in  Fig.  7. 
As  a  result,  the  gap  between  the  element  71  and 
the  shaft  72  changes,  whereby  the  air  pressure  in  the 

20  annular  space  73  changes  in  inverse  proportion  to  the 
gap  Si.  That  is,  the  larger  the  gap  the  lower  the  air- 
pressure,  and  the  lower  the  contact  pressure  applied 
from  the  stylus  4  to  the  object.  Conversely,  the  stylus 
the  gap  the  higher  the  air  pressure,  and  the  higher 

25  the  contact  pressure  applied  from  the  stylus  4  to  the 
object. 

That  is,  the  expansion  or  contraction  of  electro- 
strictive  element  71  is  controlled  by  the  control  signal 
SJ',  thereby  adjusting  the  contact  pressure  the  stylus 

30  4  applies  to  the  object. 
Meanwhile,  in  the  the  contact  pressure  control- 

ling  section  9-2,  the  second  operation  unit  51  re- 
ceives  the  signal  SC  output  by  the  first  operation  unit 
44  and  the  displacement  signal  SG  supplied  by  the 

35  length-measuring  device  32.  As  has  been  described, 
the  signal  SC  represents  the  contact  pressure  P  and 
the  inclination  AT  of  the  elastic  cylinder  40,  whereas 
the  signal  SG  represents  the  displacement  of  the 
probe  shaft  3.  From  these  input  signals  SC  and  SG, 

40  which  represent  the  strain  s  along  the  axis  of  the  cy- 
linder  40  and  the  inclination  AT  thereof,  the  second 
operation  unit  51  calculates  the  actual  displacement 
of  the  probe  shaft  3,  and  generates  data  representing 
the  actual  displacement  of  the  shaft  3.  This  data  is 

45  supplied  to  a  display  (not  shown),  whereby  the  actual 
displacement  of  the  probe  shaft  3  is  monitored. 

As  has  been  explained,  in  the  apparatus  P3  (Fig. 
7),  the  contact  pressure  detecting  section  8  detects 
the  contact  pressure  applied  from  the  stylus  4  to  the 

so  object,  and  the  contact  pressure  adjusting  section  7- 
2  is  controlled  in  accordance  with  the  contact  pres- 
sure  thus  detected,  thereby  to  change  the  pressure  to 
a  target  value.  Hence,  the  contact  pressure  applied 
from  the  stylus  to  the  object  is  adjusted  in  real  time. 

55  Further,  since  the  electrostrictive  element  7  of  the 
contact  pressure  adjusting  section  7-2  can  expand  or 
contract  very  minutely  in  accordance  with  the  voltage 
of  the  control  signal  SJ'  supplied  to  them,  the  contact 

9 
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pressure  applied  from  the  stylus  4  to  the  object  can 
be  adjusted  with  high  precision. 

The  electrostrictive  element  71  generates  virtu- 
ally  no  heat,  comparing  with  a  solenoid,  when  the  con- 
trol  signal  SJ'  is  supplied  to  them.  Hence,  this  also  en- 
ables  the  apparatus  P3  to  have  a  very  high  displace- 
ment-measuring  accuracy. 

Fig.  9  shows  a  displacement-measuring  appara- 
tus  P4  according  to  a  fourth  embodiment  of  the  inven- 
tion.  This  apparatus  P4  is  identical  to  the  apparatus 
P3  shown  in  Figs.  7  and  8,  except  for  two  aspects. 
First,  the  contact  pressure  adjusting  section  7-2  has 
an  exhaustion  adjusting  disk  91  in  place  of  the  elec- 
trostrictive  element  71  .  Second,  an  air-pressure  ad- 
justing  section  92  is  connected  at  input  to  the  second 
compressed  air  source  78b,  and  at  the  output  to  the 
conduit  77. 

The  disk  91  is  made  of  metal  and  has  a  center 
hole.  It  is  clamped  between  the  flange  10a  of  the  first 
housing  part  10  and  the  flange  12a  of  the  third  hous- 
ing  part  12.  The  shaft  72  is  loosely  inserted  in  the  cen- 
ter  hole  of  the  exhaustion  adjusting  disk  91.  The  gap 
Si  between  the  shaft  72  and  the  disk  is  narrower  than 
the  gap  s2  between  the  probe  shaft  3  and  the  metal 
bush  19,  as  in  the  case  of  the  apparatus  P3.  However, 
the  gap  remains  unchanged,  unlike  the  gap  be- 
tween  the  shaft  72  and  the  element  71  in  the  appara- 
tus  P3  (Fig.  7). 

The  air-pressure  adjusting  section  92  adjusts  the 
pressure  of  the  compressed  air  supplied  from  the  sec- 
ond  air  source  78b,  thus  changing  the  force  which  the 
compressed  air  in  the  annular  space  73  exerts  on  the 
proximal  end  of  the  probe  shaft  3  in  the  direction  of 
arrow  80a.  As  a  result,  the  contact  pressure  which  the 
stylus  4  applies  to  the  object  (not  shown)  is  control- 
led.  Hence,  the  apparatus  P4  achieves  the  same  ad- 
vantages  as  the  displacement-measuring  apparatus 
P3. 

In  the  four  embodiments  described  above,  the 
probe  shaft  3  can  be  prevented  from  rotating  about  its 
axis  by  any  known  mechanism.  For  instance,  a  pin 
protruding  from  the  metal  bush  19  in  the  axial  direc- 
tion  thereof  can  be  loosely  set  in  a  groove  cut  in  the 
circumferential  surface  of  the  shaft  3  and  extending 
parallel  to  the  axis  thereof.  Conversely,  a  pin  protrud- 
ing  from  the  shaft  3  in  the  axial  direction  thereof  can 
be  loosely  set  in  a  groove  cut  in  the  inner  circumfer- 
ential  surface  of  the  bush  19  and  extending  parallel 
to  the  axis  thereof. 

Also  in  the  four  embodiments  described  above, 
the  contact  pressure  detecting  section  and  the  con- 
tact  pressure  controlling  section  can  be  dispensed 
with.  If  these  sections  are  not  used,  generation  of  heat 
is  prevented  in  the  contact  pressure  adjusting  sec- 
tion,  resulting  in  various  advantages. 

Fig.  1  0  shows  a  displacement-measuring  appara- 
tus  P5  according  to  a  fifth  embodiment  of  the  inven- 
tion.  Some  of  the  components  of  this  apparatus  P5 

are  identical  to  the  corresponding  components  of  the 
apparatuses  P1  to  P4,  and  are  therefore  designated 
by  the  same  numerals  in  Fig.  3  and  will  not  be  descri- 
bed  in  detail. 

5  The  apparatus  P5  comprises  a  cylindrical  hous- 
ing  1,  an  air  bearing  2  located  in  the  housing  1,  and  a 
probe  shaft  3  supported  in  non-contact  fashion  by  the 
air  bearing  2,  having  a  circular  cross  section  and  able 
to  move  in  its  axial  direction. 

10  The  displacement-measuring  apparatus  P5  fur- 
ther  comprises  a  stylus  4,  a  stopper  5,  a  length- 
measuring  section  6,  and  a  contact  pressure  adjust- 
ing  section  1  02.  The  stylus  4  is  connected  to  the  distal 
end  of  the  probe  shaft  3  and  positioned  coaxial  with 

15  the  shaft  3.  It  is  set  in  direct  contact  with  an  object  in 
order  to  measure  the  displacement  of  the  object.  The 
stopper  5  is  arranged  between  the  shaft  3  and  the  sty- 
lus  4,  for  restricting  the  axial  movement  of  the  probe 
shaft  3.  The  length-measuring  section  6  is  attached 

20  to  the  proximal  end  of  the  probe  shaft  3.  The  section 
6  has  a  corner  cube  6a  which  is  designed  to  detect  the 
displacement  of  the  probe  shaft  3.  The  contact  pres- 
sure  adjusting  section  102  is  provided  in  the  proximal 
end  portion  of  the  housing  1  and  surrounds  the  prox- 

25  imal  end  portion  of  the  probe  shaft  3. 
The  housing  1  comprises  four  parts  10,  11,  12, 

and  14.  The  first  part  10  surrounds  the  corner  cube 
6a  and  is  positioned  coaxial  therewith.  The  second 
part  11  is  connected  to  the  first  part  10  and  holds  the 

30  contact  pressure  adjusting  section  1  02.  The  third  part 
12  is  connected  to  the  second  part  11  and  holds  the 
air  bearing  2.  The  fourth  part  14  is  coupled  to  the  third 
part  12  and  positioned  coaxial  therewith,  and  loosely 
holds  the  stopper  5. 

35  The  fourth  part  14  of  the  housing  1  comprises  a 
cylindrical  section  15  and  an  end  plate  16  closing  the 
distal  end  of  the  cylindrical  section  15.  The  cylindrical 
section  15  has  a  tapered  circumferential  surface  16a. 
A  through  hole  17  is  formed  in  the  cylindrical  section 

40  15  and  opens  at  one  end  in  the  surface  16a  and  at  the 
other  end  at  the  inner  surface.  A  through  hole  18  is 
formed  in  the  end  plate  16,  coaxial  with  the  stopper 
5. 

The  air  bearing  2  is  formed  of  a  hollow  cylindrical 
45  metal  bush  103.  Three  annular  guide  grooves  20a, 

20b,  and  20c  are  cut  in  the  outer  circumferential  sur- 
face  of  the  bush  103.  Four  restriction  holes  21a  are 
made  in  the  bottom  of  the  first  guide  groove  20a  and 
are  equidistantly  spaced  apart  along  the  circumfer- 

50  ence  of  the  bush  1  03.  Eight  restriction  holes  21b  are 
formed  in  the  bottom  of  the  second  guide  groove  20b 
and  are  equidistantly  spaced  apart  along  the  circum- 
ference  of  the  bush  103.  Eight  restriction  holes  21c  of 
another  set  are  cut  in  the  bottom  of  the  second  guide 

55  groove  20b  and  are  equidistantly  spaced  apart  along 
the  circumference  of  bush  103.  Further,  four  restric- 
tion  holes  21  d  are  formed  in  the  bottom  of  the  third 
guide  groove  20c  and  are  equidistantly  spaced  apart 
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along  the  circumference  of  the  bush  103.  Each  of  the 
restriction  holes  21a,  21b,  21c  and  21d  becomes  nar- 
rower  toward  the  the  inner  surface  of  the  bush  103, 
and  opens  at  the  inner  surface  thereof. 

Outlet  holes  22  are  made  in  that  thick-wall  por- 
tions  of  the  bush  103  which  are  located  between  the 
annular  guide  grooves  20a,  20b  and  20c.  The  holes 
22  are  equidistantly  spaced  a  part  around  the  circum- 
ference  of  the  bush  103.  Compressed  air  is  jetted 
from  the  grooves  20a,  20b  and  20c  through  the  re- 
striction  holes  21a,  21b  and  21c,  21d  into  the  interior 
of  the  air  bearing  2.  The  air  is  discharged  from  the 
bush  103  through  the  outlet  holes  22. 

Two  sets  of  outlet  holes  22a  are  made  in  the  third 
part  12  of  the  housing  1  and  are  positioned  coaxial 
with  the  outlet  holes  22  of  the  metal  bush  103.  The 
third  part  12  has  three  inlet  holes  24a,  24b  and  24c 
which  communicate  with  the  annular  guide  grooves 
20a,  20b  and  20c  of  the  metal  bush  103,  respectively. 
It  is  via  these  inlet  holes  24a,  24b  and  24c  that  com- 
pressed  air  is  supplied  to  the  guide  grooves  20a,  20b 
and  20c  and  ultimately  into  the  interior  of  the  air  bear- 
ing  2.  The  inlet  holes  24a,  24b  and  24c  are  connected 
to  a  source  of  compressed  air  (not  shown)  by  three 
conduits  106a,  106b,  and  106c,  respectively. 

As  is  shown  in  Figs.  10  and  11,  four  grooves  104 
are  formed  in  the  inner  surface  of  the  proximal  end 
portion  of  the  bush  1  03.  These  grooves  1  04  extend 
parallel  to  the  axis  of  the  bush  103,  and  have  a  sem- 
icircular  cross  section,  and  equidistantly  spaced 
apart  along  the  circumference  of  the  metal  bush  103. 
The  four  restriction  holes  21a  open  at  the  bottoms  of 
these  grooves  104,  respectively.  Four  pairs  of 
grooves  104a  and  104b  are  made  in  the  circumferen- 
tial  surface  of  the  middle  portion  of  the  probe  shaft  3. 
The  grooves  104a  and  104b  extend  along  the  axis  of 
the  shaft  3  and  have  a  semicircular  cross  section.  The 
grooves  104a  and  104b  of  each  pair  oppose  the  cor- 
responding  groove  104  of  the  metal  bush  103. 

Similarly,  two  grooves  105  are  formed  in  the  in- 
ner  surface  of  the  distal  end  portion  of  the  bush  103; 
they  extend  parallel  to  the  axis  of  the  bush  103,  and 
have  a  semicircular  cross  section,  and  equidistantly 
spaced  apart  along  the  circumference  of  the  bush 
103.  The  four  restriction  holes  21  d  open  at  the  bottom 
of  the  grooves  1  05.  Four  pairs  of  grooves  1  05a  and 
105b  are  formed  in  the  circumferential  surface  of  the 
distal  end  portion  of  the  probe  shaft  3.  The  grooves 
105a  and  105b  extend  along  the  axis  of  the  shaft  3 
and  have  a  semicircular  cross  section.  The  grooves 
105aand  105b  of  each  pair  oppose  the  corresponding 
groove  105  of  the  metal  bush  103. 

The  grooves  104,  105,  104a,  104b,  105a  and 
1  05b  are  of  the  same  length,  which  is  longer  than  the 
stroke  of  the  probe  shaft  3. 

The  stopper  5  is  comprised  of  a  shaft  5a  and  a 
flange  5b.  The  shaft  5a  is  coupled  to  the  probe  shaft 
3  and  is  coaxial  therewith.  Its  distal  end  portion  pro- 

trudes  from  the  distal  end  of  the  housing  1  ,  extending 
through  the  hole  18  of  the  end  plate  16.  The  flange  5b 
is  mounted  on  the  middle  portion  of  the  shaft  5a.  The 
flange  5b  can  move  in  the  axial  direction  of  the  probe 

5  shaft  3  in  the  space  between  the  third  part  12  of  the 
housing  1  and  the  end  plate  16.  Hence,  the  stopper  5 
can  move  back  and  forth,  for  the  distance  between 
the  housing  part  12  and  the  end  plate  16. 

The  stylus  4  comprises  a  main  shaft  4a  and  a 
10  ruby  ball  28.  The  main  shaft  has  a  pointed  distal  end. 

The  ruby  ball  28  is  connected  to  the  pointed  end  of  the 
main  shaft  4a. 

The  length-measuring  section  6  comprises  the 
corner  cube  6a  and  a  laser  interferometry  length- 

is  measuring  device  32.  The  corner  cube  6a  has  a  two 
reflection  surfaces  29a  and  29b  at  its  proximal  end. 
These  surfaces  29a  and  29a  incline  at  45°  to  the  axis 
of  the  probe  shaft  3  and  intersect  at  90°  with  each 
other.  The  length-measuring  device  32  applies  a  laser 

20  beam  30  to  the  first  reflection  surface  29a  along  the 
axis  of  the  probe  shaft  3,  and  detects  the  displace- 
ment  of  the  probe  shaft  3  from  the  interference  char- 
acteristic  of  the  laser  beam  31  reflected  by  both  re- 
flection  surfaces  29a  and  29b  and  applied  to  the  de- 

25  vice  32  along  the  axis  of  the  shaft  3. 
The  contact  pressure  adjusting  section  102  com- 

prises  a  hollow  cylindrical  bobbin  33,  a  pair  of  perma- 
nent  magnets  34  and  35,  a  pair  of  coils  36  and  37,  and 
a  hollow  cylindrical  core  38.  The  core  38  is  mounted 

30  on  the  probe  shaft  3.  The  bobbin  33  surrounds  the 
core  38  and  has  two  annular  U-grooves  cut  in  its  outer 
circumferential  surface.  The  magnets  34  and  35  are 
ring-shaped  and  fitted  in  the  U-grooves.  The  coils  36 
and  37  are  wound  around  the  magnets  34  and  35. 

35  Electric  power  is  supplied  to  the  coils  36  and  37 
from  a  power  supply  (not  shown).  The  power  is 
changed,  thereby  changing  the  magnetic  force  gen- 
erated  between  the  magnet  34  and  the  coil  36,  and 
also  changing  the  magnetic  force  generated  between 

40  the  magnet  35  and  the  coil  37.  When  supplied  with 
electric  power,  either  coil  generates  heat.  Nonethe- 
less,  the  heat  is  radiated  effectively  from  the  second 
part  11  of  the  housing  1  since  heat-radiating  annular 
fins  39  are  mounted  on  the  second  housing  part  11. 

45  The  operation  of  the  displacement-measuring 
apparatus  P5  described  above  will  now  be  explained. 

First,  compressed  air  is  supplied  into  the  annular 
guide  grooves  20a,  20b  and  20c  through  the  inlet 
holes  24a,  24b  and  24c.  The  air  is  further  supplied 

so  into  the  gap  between  the  probe  shaft  3  and  the  metal 
bush  103  via  the  restriction  holes  21a,  21b,  21c,  and 
21d  made  in  the  bottoms  of  the  guide  grooves  20a, 
20b  and  20c.  As  a  result,  the  air  bearing  10  supports 
the  probe  shaft  3  in  non-contact  fashion,  positioning 

55  the  shaft  3  coaxial  with  the  housing  1.  The  com- 
pressed  air  jetting  through  the  restriction  holes  21a  to 
21d  is  discharged  from  the  apparatus  P5  through  the 
outlet  holes  22  of  the  metal  bush  103,  the  outlet  holes 
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22a  of  the  third  housing  part  12,  and  also  through  the 
hole  17  of  the  fourth  housing  part  14. 

As  is  shown  in  Fig.  12,  the  compressed  air  sup- 
plied  via  the  restriction  holes  21a  to  21  d  into  the  gap 
between  the  probe  shaft  3  and  the  metal  bush  103 
flows  into  the  grooves  104a,  104b,  105a  and  105b 
formed  in  the  circumferential  surface  of  the  probe 
shaft  3,  as  is  indicated  by  arrows  1  07.  This  is  because 
the  grooves  104a  and  104b  of  any  pair  are  positioned 
symmetrical  with  respect  to  the  axis  of  the  restriction 
hole  21a,  and  the  grooves  105a  and  105b  of  any  pair 
are  positioned  symmetrical  with  respect  to  the  axis  of 
the  restriction  hole  21  d,  and  hence  the  same  air  pres- 
sure  is  applied  to  the  grooves  1  04a  and  1  04b  and  also 
to  the  grooves  1  05a  and  1  05b.  As  a  result,  two  forces 
act  on  the  shaft  3  in  the  opposite  directions  indicated 
by  arrows  108  and  109.  The  probe  shaft  3  therefore 
does  not  rotate  around  its  axis  unless  another  force 
is  exerted  on  it  in  the  direction  of  arrow  108  or  109. 

The  length-measuring  device  32  applies  a  laser 
beam  30  to  the  first  reflection  surface  29a  along  the 
axis  of  the  probe  shaft  3,  and  detects  the  displace- 
ment  of  the  probe  shaft  3  from  the  interference  char- 
acteristic  of  the  laser  beam  31  reflected  by  both  re- 
flection  surfaces  29a  and  29b  and  applied  to  the  de- 
vice  32  along  the  axis  of  the  shaft  3. 

Predetermined  electric  power  is  supplied  to  the 
coils  36  and  37.  The  coils  36  and  37  generate  mag- 
netic  fields,  wh  ich  thrust  the  probe  shaft  3  forward.  As 
a  result,  the  stylus  4  attached  to  the  shaft  3  applies 
a  predetermined  contact  pressure  to  the  object. 

It  is  possible  that  a  force  other  than  the  air  pres- 
sure  is  exerted  on  the  probe  shaft  3  in  the  direction 
of  arrow  109,  rotating  the  shaft  3  by  angle  9  as  is 
shown  in  Fig.  13.  In  this  case,  the  groove  104a  (105a) 
is  located  closer  to  the  axis  of  the  hole  21a  (21  d)  than 
the  groove  1  04b  (1  05b).  Hence,  more  compressed  air 
flows  into  the  groove  1  04a  (1  05a)  than  into  the  groove 
104b  (105b),  and  a  greater  force  acts  on  the  shaft  3 
in  the  direction  of  arrow  108  than  in  the  direction  of  ar- 
row  1  09.  As  a  result,  the  probe  shaft  3  is  rotated  in  the 
direction  of  arrow  108  until  the  grooves  104a  and 
104b  (the  grooves  105a  and  105b)  are  located  sym- 
metrically  with  respect  to  the  axis  of  the  restriction 
hole  21a  (21d). 

Since  the  probe  shaft  3  is  prevented  from  rotating 
around  its  axis  as  long  as  it  is  supported  by  the  air 
bearing  101  in  non-contact  fashion,  no  sliding  friction 
occurs  between  the  shaft  3  and  the  metal  bush  103 
while  the  shaft  3  is  moved  along  its  axis.  Therefore, 
the  probe  shaft  3  is  stably  supported  throughout  the 
operation  of  the  displacement-measuring  apparatus 
P5.  This  greatly  helps  to  enhance  the  reliability  and 
measuring  accuracy  of  the  apparatus  P5. 

Further,  since  the  probe  shaft  3  needs  not  be  ma- 
chined  into  one  having  a  rectangular  cross  section,  it 
can  be  made  at  low  cost.  Also,  since  it  has  a  relatively 
simple  structure,  it  can  be  made  small.  This  serves  to 

reduce  the  manufacturing  cost  of  the  displacement- 
measuring  apparatus  P5. 

The  grooves  1  04  are  formed  in  the  inner  surface 
of  the  proximal  end  portion  of  the  bush  103,  whereas 

5  the  grooves  1  05  are  made  in  the  inner  surface  of  the 
distal  end  portion  of  the  bush  103.  The  grooves  104a 
and  104b  are  formed  in  the  circumferential  surface  of 
the  middle  portion  of  the  shaft  3,  whereas  the  grooves 
105a  and  105b  are  cut  in  the  circumferential  surface 

10  of  the  distal  end  portion  of  the  shaft  3.  Instead, 
grooves  equivalent  to  the  grooves  104  and  105  can 
be  formed  in  the  inner  surface  of  only  the  middle  por- 
tion  of  the  bush  103,  and  grooves  equivalent  to  the 
grooves  104a,  104b,  105a  and  105b  can  be  made  in 

15  the  circumferential  surface  of  only  the  middle  portion 
of  the  probe  shaft  3.  Alternatively,  grooves  equivalent 
to  the  grooves  1  04  and  1  05  can  be  formed  in  the  inner 
surfaces  of  three  or  more  portions  of  the  bush  1  03, 
and  grooves  equivalent  to  the  grooves  104a,  104b, 

20  105a  and  105b  can  be  formed  in  the  circumferential 
surfaces  of  the  three  or  more  portions  of  the  probe 
shaft  3. 

The  axial  groove  1  04  or  1  05  and  the  axial  grooves 
104a  and  104b  or  105a  and  105b  need  not  be  provid- 

25  ed  for  each  of  the  restriction  holes  made  in  the  bush 
1  03  and  spaced  apart  along  the  circumference  of  the 
bush  103.  They  can  be  provided  for  only  some  of 
these  restriction  holes.  Even  so,  the  rotation  of  the 
probe  shaft  3  can  be  suppressed  sufficiently. 

30  Further,  eight  restriction  holes  equivalent  to  the 
eight  holes  of  either  set  made  in  the  second  annular 
groove  20b  of  the  metal  bush  103  can  be  made  also 
in  the  first  and  third  annular  grooves  20a  and  20c. 

The  apparatus  P5  shown  in  Fig.  10  has  a  mech- 
35  anism  of  suppressing  the  rotation  of  the  probe  shaft 

3.  As  can  be  understood  from  the  above  description, 
this  mechanism  comprises  the  grooves  104  and  105 
formed  in  the  inner  surface  of  the  metal  bush  103  and 
the  grooves  104a,  104b,  105a  and  105b  made  in  the 

40  circumferential  surface  of  the  shaft  3.  This  specific 
mechanism  can  be  incorporated  not  only  in  displace- 
ment-measuring  apparatuses,  but  also  in  other  vari- 
ous  types  of  apparatuses. 

Fig.  14  shows  a  displacement-measuring  appara- 
45  tus  P6  which  is  a  sixth  embodiment  of  the  present  in- 

vention.  This  apparatus  P6  is,  so  to  speak,  a  combin- 
ation  of  the  apparatuses  P1  and  P5  shown  in  Fig.  1 
and  Fig.  10,  respectively.  The  same  components  as 
those  of  the  apparatuses  P1  and  P5  are  designated 

so  by  the  same  numerals  used  in  Figs.  1  and  1  0,  and  will 
not  be  described  in  detail. 

As  is  evident  from  Fig.  14,  the  apparatus  P6  com- 
prises  a  contact  pressure  adjusting  section  7,  a  con- 
tact  pressure  detecting  section  8,  and  a  contact  pres- 

55  sure  controlling  section  9  ~  all  identical  to  the  corre- 
sponding  components  of  the  apparatus  P1.  Like  the 
apparatus  P5,  the  apparatus  P6  further  comprises  a 
probe  shaft  3  having  grooves  104a,  104b,  105a  and 
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105b  made  in  its  circumferential  surface  and  extend- 
ing  along  its  axis,  and  a  metal  bush  103  having 
grooves  104  and  105  formed  in  its  inner  surface  and 
extending  along  its  axis. 

The  contact  pressure  detecting  section  8  detects 
the  contact  pressure  the  stylus  4  applies  to  an  object. 
The  contact  pressure  controlling  section  9  generates 
control  signals  SE'  and  SF'  from  the  signals  SA  output 
by  the  section  8.  The  contact  pressure  adjusting  sec- 
tion  7  generates  electromagnetic  forces  in  accor- 
dance  with  the  signals  SE'  and  SF'  and  applies  these 
forces  to  the  probe  shaft  3,  thereby  changing  the  con- 
tact  pressure  the  stylus  4  is  applying  to  the  object  to 
a  target  value.  Hence,  whenever  the  contact  pressure 
is  different,  even  slightly,  from  the  target  pressure,  it 
is  changed  to  the  target  value. 

Compressed  air  is  supplied  via  the  restriction 
holes  21ato21d  into  the  gap  between  the  probe  shaft 
3  and  the  metal  bush  103.  It  then  flows  into  the 
grooves  1  04a,  1  04b,  1  05a  and  1  05b  formed  in  the  cir- 
cumferential  surface  of  the  probe  shaft  3,  as  is  indi- 
cated  by  arrows  107.  Even  if  an  force  other  than  the 
air  pressure  is  exerted  on  the  probe  shaft  3,  rotating 
the  shaft  3  around  its  axis  in  an  direction,  the  com- 
pressed  air  is  applied  to  the  grooves  104a,  104b,  105a 
and  105b  such  that  the  shaft  3  is  rotated  in  the  oppo- 
site  direction  until  the  grooves  104a  and  104b  of  any 
pair  and  the  grooves  105a  and  105b  of  any  pair  are 
located  symmetrically  with  respect  to  the  axis  of  the 
corresponding  restriction  holes  21a  and  21d,  respec- 
tively.  As  a  result,  the  probe  shaft  3  is  prevented  from 
rotating  around  its  axis. 

In  the  apparatus  P6,  not  only  the  contact  pres- 
sure  applied  from  the  stylus  4  to  the  object  can  be 
controlled,  but  also  the  rotation  of  the  probe  shaft  3 
can  be  suppressed. 

In  the  apparatus  P6,  the  air  bearing  101  is  asso- 
ciated  with  the  contact  pressure  adjusting  section  7. 
According  to  the  invention,  the  air  bearing  101  can  be 
associated  with  the  section  7-1  used  in  the  apparatus 
P2,  the  section  7-2  incorporated  in  the  apparatus  P3, 
or  the  section  7-3  incorporated  in  the  apparatus  P4, 
in  place  of  the  contact  pressure  section  7  used  in  the 
apparatus  P1. 

Moreover,  various  changes  and  modification  can 
be  made,  without  departing  the  scope  of  the  present 
invention  as  defined  in  the  appended  claims. 

Claims 

1.  A  displacement-measuring  apparatus,  compris- 
ing 
a  cylindrical  housing  (1); 
a  static-pressure  bearing  (2)  located  in  said  hous- 
ing  (1); 
a  probe  shaft  (3)  supported  by  said  bearing  (2)  in 
non-contact  fashion  and  movable  in  an  axial  di- 

rection; 
a  stylus  (4)  connected  to  one  end  of  said  probe 
shaft  (3),  for  applying  a  contact  pressure  to  an  ob- 
ject;  and 

5  a  pressure-adjusting  section  (7,  7-1,  7-2,  102)  for 
adjusting  the  contact  pressure  applied  from  said 
stylus  (4)  to  the  object; 
characterized  by 
a  pressure-detecting  section  (8)  for  detecting  the 

10  contact  pressure  applied  from  said  stylus  (4)  to 
the  object;  and 
a  pressure-controlling  section  (9,  9-1,  9-2)  for 
generating  a  control  signal  in  accordance  with 
the  contact  pressure  detected  by  said  pressure- 

is  detecting  section  (8)  and  supplying  the  control 
signal  to  said  pressure-adjusting  section,  thereby 
to  control  the  contact  pressure. 

2.  An  apparatus  according  to  claim  1  ,  characterized 
20  in  that  said  contact  pressure  detecting  section  (8) 

comprises  a  pillar-like  elastic  member  (40)  inter- 
posed  between  said  stylus  (4)  and  said  probe 
shaft  (3),  and  strain  sensors  (41)  fastened  to  the 
circumferential  surface  of  said  pillar-like  elastic 

25  member  (40). 

3.  An  apparatus  according  to  claim  1  ,  characterized 
in  that  said  contact  pressure  adjusting  section  (7, 
102)  comprises: 

30  a  hollow  cylindrical  bobbin  (33)  fitted  in  said 
housing  (1); 
a  hollow  cylindrical  core  (38)  mounted  on  that 
portion  of  said  probe  shaft  (3)  which  is  surround- 
ed  by  said  bobbin  (33); 

35  permanent  magnets  (34,  35)  fitted  in  said  bobbin 
(33),  applying  magnetic  attraction  to  said  core 
(38);  and 
coils  (36,  37)  wound  about  said  permanent  mag- 
nets  (34,  35)  for  applying  variable  magnetic  at- 

40  traction  to  said  core  (38). 

4.  An  apparatus  according  to  claim  3,  characterized 
in  that  said  contact  pressure  controlling  section 
(9)  is  supplying  the  control  signal  to  the  coils  (36, 

45  37)  of  said  contact  pressure  adjusting  section  (7), 
thereby  to  change  the  magnetic  attraction  ap- 
plied  to  said  core  (38)  and  to  control  the  contact 
pressure  said  stylus  (4)  is  applying  to  the  object. 

so  5.  An  apparatus  according  to  claim  1  ,  characterized 
in  that  said  contact  pressure  adjusting  section  (7- 
1)  comprises  actuators  (62)  secured  to  the  inner 
surface  of  said  housing  (1)  and  equidistantly 
spaced  apart  along  the  circumference  thereof, 

55  said  actuators  (62)  expanding  or  contracting 
when  applied  with  a  voltage,  a  first  set  of  perma- 
nent  magnets  (64)  fixed  to  said  actuators,  re- 
spectively,  a  second  set  of  permanent  magnets 

13 
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(65)  secured  to  said  probe  shaft  (3),  equidistantly 
spaced  apart  along  the  circumference  of  said 
probe  shaft  (3),  opposing  the  permanent  mag- 
nets  (64)  of  the  first  set,  respectively,  and  gener- 
ating  magnetic  attraction  jointly  with  the  perma- 
nent  magnets  (64)  of  the  first  set,  said  actuators 
(62)  expanding  or  contracting  when  applied  with 
a  voltage,  thereby  to  change  the  gap  between 
each  permanent  magnet  (64)  of  the  first  set  and 
the  corresponding  permanent  magnet  (65)  of  the 
second  set  and,  hence,  change  the  magnetic  at- 
traction. 

6.  An  apparatus  according  to  claim  5,  characterized 
in  that  said  contact  pressure  controlling  section 
(9-1)  is  supplying  the  control  signal  to  said  actua- 
tors  (62),  thereby  to  change  the  gap  between 
each  permanent  magnet  (64)  of  the  first  set  and 
the  corresponding  permanent  magnet  (66)  of  the 
second  set  and,  hence,  to  control  the  contact 
pressure  said  stylus  (4)  is  applying  to  the  object. 

7.  An  apparatus  according  to  claim  1  ,  characterized 
in  that  said  contact  pressure  adjusting  section  (7- 
2)  comprises: 
a  hollow  cylindrical  electrostrictive  element  (71) 
attached  to  said  housing  (1),  loosely  holding  a 
small-diameter  portion  (72)  of  said  probe  shaft 
(3),  and  expanding  or  contracting  when  applied 
with  a  voltage  to  change  the  gap  between  the 
small-diameter  portion  (72)  of  said  probe  shaft 
(3)  and  the  inner  circumferential  surface  of  said 
electrostrictive  element  (71); 
a  step  portion  defined  by  the  junction  of  the 
small-diameter  portion  (72)  of  said  probe  shaft 
(3)  and  a  large-diameter  portion  thereof,  and  lo- 
cated  in  the  vicinity  of  said  electrostrictive  ele- 
ment  (71);  and 
restriction  holes  (74)  formed  in  said  housing  (1) 
and  equidistantly  spaced  apart  along  the  circum- 
ference  of  said  housing  (1),  for  supplying  com- 
pressed  air  into  a  space  (73)  defined  by  said  elec- 
trostrictive  element  (71)  and  said  step  portion. 

8.  An  apparatus  according  to  claim  7,  characterized 
in  that  said  contact  pressure  controlling  section 
(9-2)  is  supplying  the  control  signal  to  said  elec- 
trostrictive  element  (71),  thereby  to  change  the 
gap  between  said  probe  shaft  (3)  and  said  elec- 
trostrictive  element  (71)  and  hence,  to  control  the 
contact  pressure  said  stylus  (4)  is  applying  to  the 
object. 

9.  An  apparatus  according  to  one  of  the  preceding 
claims,  characterized  in  that  part  of  said  static- 
pressure  bearing  (2)  comprises  a  hollow  cylindri- 
cal  bush  (19,  103),  a  plurality  of  restriction  holes 
(21,  21a,  21b,  21c,  21d)  formed  in  said  bush  (19, 

1  03)  and  equidistantly  spaced  apart  along  the  cir- 
cumference  of  said  bush  (19,  103),  for  supplying 
air  into  the  gap  between  said  probe  shaft  (3)  and 
said  bush  (19,  103),  a  first  set  of  grooves  (104, 

5  104a,  104b)  formed  in  the  inner  surface  of  said 
bush  (19,  103),  extending  along  the  axis  of  said 
bush  (19,  103),  and  each  opposing  at  least  one 
restriction  hole  (21a),  and  a  second  set  of 
grooves  (105,  105a,  105b)  formed  in  the  circum- 

10  ferential  surface  of  said  probe  shaft  (3),  extend- 
ing  along  the  axis  of  said  probe  shaft  (3),  and  ar- 
ranged  in  pairs,  each  pair  comprising  two 
grooves  symmetrical  with  respect  to  the  corre- 
sponding  groove  of  the  first  set. 

15 

Patentanspruche 

1.  Verschiebungsmeliapparat,  umfassend: 
20  ein  zylindrisches  Gehause  (1), 

ein  im  Gehause  (1)  angeordnetes  Statikdruckla- 
ger(2), 
eine  durch  das  Lager  (2)  beruhrungsfrei  gelager- 
te  und  in  einer  Axialrichtung  verschiebbare  Son- 

25  denwelle  (3), 
einen  mit  dem  einen  Ende  der  Sondenwelle  (3) 
verbundenen  Stift  (4)  zum  Ausuben  eines  Beruh- 
rungsdrucks  gegen  ein  Objekt  und 
eine  Druckeinstellsektion  (7,  7-1,  7-2,  102)  zum 

30  Einstellen  des  vom  Stift  (4)  auf  das  Objekt  aus- 
geubten  Beruhrungsdrucks, 
gekennzeichnet  durch 
eine  Druckmelisektion  (8)  zum  Erfassen  bzw. 
Messen  des  vom  Stift  (4)  auf  das  Objekt  ausge- 

35  ubten  Beruhrungsdrucks  und 
eine  Druckregelsektion  (9,  9-1  ,  9-2)  zum  Gene- 
rieren  eines  Regelsignals  entsprechend  dem 
durch  die  Druckmelisektion  (8)  gemessenen  Be- 
ruhrungsdruck  und  zum  Liefern  des  Regelsignals 

40  zur  Druckeinstellsektion,  urn  damit  den  Beruh- 
rungsdruck  zu  regeln. 

2.  Apparat  nach  Anspruch  1  ,  dadurch  gekennzeich- 
net,  dali  die  Bemhrungsdruckmelisektion  (8)  ein 

45  zwischen  den  Stift  (4)  und  die  Sondenwelle  (3) 
eingefugtes,  saulenartiges  elastisches  Element 
(40)  und  an  der  Umfangsflache  des  saulenarti- 
gen  elastischen  Elements  (40)  befestigte 
Dehnungs(meli)sensoren  (41)  umfalit. 

50 
3.  Apparat  nach  Anspruch  1  ,  dadurch  gekennzeich- 

net,  dali  die  Beruhrungsdruckeinstellsektion  (7, 
102)  umfalit: 
einen  in  das  Gehause  (1)  eingesetzten  hohlzylin- 

55  drischen  Spulenkorper  (33), 
einen  an  dem  Abschnitt  der  Sondenwelle  (3),  der 
vom  Spulenkorper  (33)  umgeben  ist,  montierten 
hohlzylindrischen  Kern  (38), 
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in  den  Spulenkorper  (33)  eingesetzte,  eine  ma- 
gnetische  Anziehung  auf  den  Kern  (38)  ausuben- 
de  Dauermagnete  (34,  35)  und 
um  die  Dauermagnete  (34,  35)  herumgewickelte 
Spulen  (36,  37)  zur  Ausubung  einervariablen  ma- 
gnetischen  Anziehung  auf  den  Kern  (38). 

4.  Apparat  nach  Anspruch  3,  dadurch  gekennzeich- 
net,  dali  die  Beruhungsdruckregelsektion  (9)  das 
Regelsignal  den  Spulen  (36,  37)  der  Beruhrungs- 
druckeinstellsektion  (7)  zuspeist,  um  damit  die 
auf  den  Kern  (38)  ausgeubte  magnetische  Anzie- 
hung  zu  andern  und  den  durch  den  Stift  (4)  auf 
das  Objekt  ausgeubten  Beruhrungsdruck  zu  re- 
geln. 

5.  Apparat  nach  Anspruch  1  ,  dadurch  gekennzeich- 
net,  dali  die  Beruhrungsdruckeinstellsektion  (7- 
1)  an  der  Innenflache  des  Gehauses  (1)  befestig- 
te  und  langs  des  Umfangs  derselben  auf  gleiche 
Abstande  verteilte  Betatigungsglieder  (62),  die 
sich  bei  Beaufschlagung  miteinerSpannung  aus- 
dehnen  oder  zusammenziehen,  einen  ersten 
Satz  von  jeweils  an  den  Betatigungsgliedern  be- 
festigten  Dauermagneten  (64),  (und)  einen  zwei- 
ten  Satz  von  Dauermagneten  (65)  aufweist,  die 
an  der  Sondenwelle  (3)  befestigt  und  langs  des 
Umfangs  der  Sondenwelle  (3)  auf  gleiche  Abstan- 
de  verteilt  sind,  den  jeweiligen  Dauermagneten 
(64)  des  ersten  Satzes  gegenuberstehen  und  ge- 
meinsam  mit  den  Dauermagneten  (64)  des  er- 
sten  Satzes  eine  magnetische  Anziehung  erzeu- 
gen,  wobei  sich  die  Betatigungsglieder  (62)  bei 
Beaufschlagung  mit  einer  Spannung  ausdehnen 
oder  zusammenziehen  und  damit  den 
Spalt(abstand)  zwischen  jedem  Dauermagneten 
(64)  des  ersten  Satzes  und  dem  betreffenden 
Dauermagneten  (65)  des  zweiten  Satzes  veran- 
dern  und  demzufolge  die  magnetische  Anzie- 
hung  andern. 

6.  Apparat  nach  Anspruch  5,  dadurch  gekennzeich- 
net  dali  die  Beruhrungsdruckregelsektion  (9-1) 
das  Regelsignal  den  Betatigungsgliedern  (62) 
zuspeist,  um  damit  den  Spalt(abstand)  zwischen 
jedem  Dauermagneten  (64)  des  ersten  Satzes 
und  dem  betreffenden  Dauermagneten  (66  bzw. 
65)  des  zweiten  Satzes  zu  verandern  und  dem- 
zufolge  den  durch  den  Stift  (4)  auf  das  Objekt 
ausgeubten  Beruhrungsdruck  zu  regeln. 

7.  Apparat  nach  Anspruch  1  ,  dadurch  gekennzeich- 
net,  dali  die  Beruhrungsdruckeinstellsektion  (7- 
2)  umfalit: 
ein  am  Gehause  (1)  angebrachtes  hohlzylindri- 
sches  Elektrostriktionselement  (71),  das  einen 
Abschnitt  (72)  kleineren  Durchmessers  der  Son- 
denwelle  (3)  lose  halt  und  sich  bei  Beaufschla- 

gung  mit  einer  Spannung  ausdehnt  oder  zusam- 
menzieht,  um  den  Spalt  zwischen  dem  Abschnitt 
(72)  kleineren  Durchmessers  der  Sondenwelle 
(3)  und  der  Innenumfangsf  lache  des  Elektrostrik- 

5  tionselements  (71)  zu  verandern, 
einen  durch  den  Ubergang  zwischen  dem  Ab- 
schnitt  (72)  kleineren  Durchmessers  der  Sonden- 
welle  (3)  und  einem  Abschnitt  grolien  Durchmes- 
sers  derselben  festgelegten  und  in  der  Nahe  des 

10  Elektrostriktionselements  (71)  angeordneten 
Stufenabschnitt  sowie 
im  Gehause  (1)  geformte  und  langs  des  Umfangs 
des  Gehauses  (1)  auf  gleiche  Abstande  verteilte 
Drosseloffnungen  bzw.  -bohrungen  (74)  zum  Zu- 

15  speisen  von  Druckluft  in  einen  durch  das  Elektro- 
striktionselement  (71)  und  den  Stufenabschnitt 
festgelegten  Raum  (73). 

8.  Apparat  nach  Anspruch  7,  dadurch  gekennzeich- 
20  net,  dali  die  Beruhrungsdruckregelsektion  (9-2) 

das  Regelsignal  dem  Elektrostriktionselement 
(71)  zuspeist,  um  damit  den  Spalt  zwischen  der 
Sondenwelle  (3)  und  dem  Elektrostriktionsele- 
ment  (71)  zu  verandern  und  demzufolge  den 

25  durch  den  Stift  (4)  auf  das  Objekt  ausgeubten  Be- 
ruhrungsdruck  zu  regeln. 

9.  Apparat  nach  einem  dervorangehenden  Anspru- 
che,  dadurch  gekennzeichnet,  dali  ein  Teil  des 

30  Statikdrucklagers  (2)  eine  hohlzylindrische  Buch- 
se  (19,  103),  eine  Anzahl  von  in  der  Buchse  (19, 
103)  ausgebildeten  und  langs  des  Umfangs  der 
Buchse  (19,  103)  auf  gleiche  Abstande  verteilten 
Drosseloffnungen  bzw.  -bohrungen  (21,  21a, 

35  21b,  21c,  21d)  zum  Einspeisen  von  Luft  in  den 
Spalt  zwischen  der  Sondenwelle  (3)  und  der 
Buchse  (19,  103),  einen  ersten  Satz  von  in  der  In- 
nenflache  der  Buchse  (19,  103)  ausgebildeten, 
langs  der  Achse  der  Buchse  (1  9,  1  03)  verlaufen- 

40  den  und  jeweils  mindestens  einer  Drosselboh- 
rung  (21a)  gegenuberstehenden  Nuten  (104, 
104a,  104b)  sowie  einen  zweiten  Satz  von  in  der 
Umfangsflache  der  Sondenwelle  (3)  geformten, 
langs  der  Achse  der  Sondenwelle  (3)  verlaufen- 

45  den  und  in  Paaren  angeordneten  Nuten  (105, 
105a,  105b)  aufweist,  wobei  jedes  Paar  zwei  in 
bezug  auf  die  betreffende  Nut  des  ersten  Satzes 
symmetrisch  angeordnete  Nuten  umfalit. 

50 
Revendications 

1.  Appareil  de  mesure  de  deplacementcompre- 
nant: 

55  -  un  boitier  cylindrique  (1); 
-  un  palier  a  pression  statique  (2)  situe  dans 

ledit  boitier  (1); 
-  un  arbre  formant  palpeur  (3)  supporte  par 
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ledit  palier  (2)  d'une  maniere  sans  contact 
et  deplacable  dans  la  direction  axlale; 

-  un  styule  (4)  connecte  a  une  extremite  dudit 
arbre  formant  palpeur  (3)  pour  exercer  une 
pression  de  contact  sur  un  objet;  et  5 

-  une  section  de  reglage  de  pression  (7,  7-1  , 
7-2,  1  02)  pour  regler  la  pression  de  contact 
exercee  par  ledit  style  (4)  sur  ledit  objet, 

caracterise  par: 
-  une  section  de  detection  de  pression  (8)  10 

pour  detecter  la  pression  de  contact  exer- 
cee  par  ledit  style  (4)  sur  ledit  objet;  et 

-  une  section  de  commande  de  pression  (9, 
9-1,  9-2)  pour  produire  un  signal  de 
commande  selon  la  pression  de  contact  de-  15 
tectee  par  ladite  section  de  detection  de 
pression  (8)  etfournir  le  signal  de  comman- 
de  a  ladite  section  de  reglage  de  pression 
pour  commander  par  ce  moyen  la  pression 
de  contact.  20 

Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  ladite  section  de  detection  de  la  pression 
de  contact  (8)  comprend  un  organe  elastique  en 
forme  de  pilier  (40)  interpose  entre  ledit  style  (4)  25 
et  ledit  arbre  formant  palpeur  (3)  et  des  capteurs 
de  deformation  (41)  fixes  a  la  surface  circonfe- 
rentielle  dudit  organe  elastique  en  forme  de  pilier 
(40). 

30 
Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  ladite  section  de  reglage  de  la  pression  de 
contact  (7,  102)  comprend: 

-  une  carcasse  de  bobine  cylindrique  creuse 
(33)  montee  dans  ledit  boitier  (1);  35 

-  un  noyau  magnetique  cylindrique  creux 
(38)  monte  sur  la  partie  dudit  arbre  formant 
palpeur  (3)  qui  est  entouree  par  ladite  car- 
casse  de  bobine  (33); 

-  des  aimants  permanents  (34,  35)  montes  40 
dans  ladite  carcasse  de  bobine  (33)  et  exer- 
cant  une  attraction  magnetique  sur  ledit 
noyau  magnetique  (38);  et 

-  des  bobines  (36,  37)  bobinees  autour  des- 
dits  aimants  permanents  (34,  35)  pour  45 
exercer  une  attraction  magnetique  variable 
sur  ledit  noyau  magnetique  (38). 

Appareil  selon  la  revendication  3,  caracterise  en 
ce  que  ladite  section  de  commande  de  la  pres-  50 
sion  de  contact  (9)  fournit  le  signal  de  commande 
aux  bobines  (36,  37)  de  ladite  section  de  reglage 
de  la  pression  de  contact  (7)  pour  faire  varier  par 
ce  moyen  I'attraction  magnetique  exercee  sur  le- 
dit  noyau  magnetique  (38)  et  pour  commander  la  55 
pression  de  contact  que  ledit  style  (4)  exerce  sur 
I  'objet. 

5.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  ladite  section  de  reglage  de  la  pression  de 
contact  (7-1)  comprend  des  actionneurs  (62) 
fixes  a  la  surface  interieure  dudit  boitier  (1)  et  es- 
paces  les  uns  des  autres  de  maniere  equidistante 
le  long  de  la  circonference  de  celui-ci,  lesdits  ac- 
tionneurs  (62)  se  dilatant  ou  se  contractant  lors- 
qu'une  tension  leur  est  appliquee,  un  premier  en- 
semble  d'aimants  permanents  (64)  fixes  respec- 
tivement  auxdits  actionneurs,  un  deuxieme  en- 
semble  d'aimants  permanents  (65)  fixes  audit  ar- 
bre  formant  palpeur  (3),  espaces  les  uns  des  au- 
tres  de  maniere  equidistante  le  long  de  la  circon- 
ference  dudit  arbre  formant  palpeur  (3),  faisant 
face  aux  aimants  permanents  (64)  du  premier 
ensemble,  respectivement,  et  produisant  une  at- 
traction  magnetique  conjointement  avec  les  ai- 
mants  permanents  (64)  du  premier  ensemble, 
lesdits  actionneurs  (62)  se  dilatant  ou  se  contrac- 
tant  lorsqu'une  tension  leur  est  appliquee  pour 
faire  varier  par  ce  moyen  la  largeur  de  I'entrefer 
compris  entre  chaque  aimant  permanent  (64)  du 
premier  ensemble  et  I'aimant  permanent  corres- 
pondent  (65)  du  deuxieme  ensemble  et,  par 
consequent,  faire  varier  I'attraction  magnetique. 

6.  Appareil  selon  la  revendication  5,  caracterise  en 
ce  que  ladite  section  de  commande  de  la  pres- 
sion  de  contact  (9-1)  fournit  le  signal  de  comman- 
de  auxdits  actionneurs  (62)  pour  faire  varier  par 
ce  moyen  la  largeur  de  I'entrefer  compris  entre 
I'aimant  permanent  (64)  du  premier  ensemble  et 
I'aimant  permanent  correspondant  (66)  du 
deuxieme  ensemble  et,  par  consequent, 
commander  la  pression  de  contact  que  ledit  style 
(4)  exerce  sur  I'objet. 

7.  Appareil  selon  la  revendication  1,  caracterise  en 
ce  que  ladite  section  de  reglage  de  la  pression  de 
contact  (7-2)  comprend: 

-  un  element  electrostrictif  cylindrique  creux 
(71)  fixe  audit  boitier  (1),  maintenant  avec 
du  jeu  une  partie  de  petit  diametre  (72)  du- 
dit  arbre  formant  palpeur  (3),  et  se  dilatant 
ou  se  contractant  lorsqu'une  tension  lui  est 
appliquee  pourfaire  varierla  largeurde  I'en- 
trefer  compris  entre  la  partie  de  petit  diame- 
tre  (72)  dudit  arbre  formant  palpeur  (3)  et  la 
surface  circonferentielle  interieure  dudit 
element  electrostrictif  (71); 

-  une  partie  formant  marche  d'escalier  def  i- 
nie  par  la  jonction  de  la  partie  de  petit  dia- 
metre  (72)  dudit  arbre  formant  palpeur(3)  et 
une  partie  de  grand  diametre  de  celui-ci,  et 
situee  a  proximite  dudit  elements  electros- 
trictif  (71);  et 

-  des  trous  de  limitation  de  debit  (74)  formes 
dans  ledit  boitier  (1  )  et  espaces  les  uns  des 
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autres  de  maniere  equidistante  le  long  de  la 
circonference  dudit  boitier  (1)  pour  fournir 
de  I'air  comprime  a  un  espace  (73)  defini 
par  ledit  element  electrostrictif  (71  )  et  ladite 
partie  formant  marche  d'escalier.  5 

8.  Appareil  selon  la  revendication  7,  caracterise  en 
ce  que  ladite  section  de  commande  de  la  pres- 
sion  de  contact  (9-2)  fournit  le  signal  de  comman- 
de  audit  element  electrostrictif  (71)  pourfaireva-  10 
rier  par  ce  moyen  la  largeur  de  I'entrefer  compris 
entre  ledit  arbre  formant  palpeur  (3)  et  ledit  ele- 
ment  electrostrictif  (71)  et,  par  consequent,  pour 
commander  la  pression  de  contact  que  ledit  style 
(4)  exerce  sur  I'objet.  15 

9.  Appareil  selon  I'une  des  revendications  prece- 
dentes,  caracterise  en  ce  qu'une  partie  dudit  pa- 
liera  pression  statique  (2)  comprend  unefourrure 
cylindrique  creuse  (19,  103),  une  pluralite  de  20 
trous  de  limitation  de  debit  (21,  21a,  21b,  21c, 
21  d)  formes  dans  ladite  fourrure  (19,  103)  et  es- 
paces  les  uns  des  autres  de  maniere  equidistante 
le  long  de  la  circonference  de  ladite  fourrure  (19, 
1  03),  pour  fournir  de  I'air  a  I'entrefer  compris  en-  25 
tre  ledit  arbre  formant  palpeur  (3)  et  ladite  fourru- 
re  (19,  103),  un  premier  ensemble  de  gorges 
(104,  104a,  104b)  forme  dans  la  surface  interieu- 
re  de  ladite  fourrure  (19,  103),  s'etendant  le  long 
de  I'axe  de  ladite  fourrure  (19,  103)  et  chacune  30 
faisant  face  a  au  moins  un  trou  de  limitation  de 
debit  (21a),  et  un  deuxieme  ensemble  de  gorges 
(109,  105a,  105b)  forme  dans  la  surface  circon- 
ferentielle  dudit  arbre  formant  palpeur  (3),  s'eten- 
dant  le  long  de  I'axe  dudit  arbre  formant  palpeur  35 
(3)  et  disposees  par  paires,  chaque  paires 
comprenant  deux  gorges  symetriques  par  rap- 
port  a  la  gorge  correspondante  du  premier  en- 
semble. 

17 





EP  0  471  371  B1 

i 



ID 

' i   i  r o  

i  i 
i 

0  
D 

J  CD 

i  U _  



EP  0  471  371  B1 

21 



o  

00 



r— 

i  WW  <±  oo  r  _  z < r   i 

2 i f   a   V   1 

4- 

-1  

1—1  1— 





EP  0  471  371  B1 

25 



EP  0  471  371  B1 

2 \ Q   1 0 4  

F I G .   \ 2  

2 \Q  \ 0 4  

F I G .   i 3  

26 



:P  0  471  371  B1 

MEASURING  DEVICE 

27 



P  0  471  371  B1 


	bibliography
	description
	claims
	drawings

