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Description 

This  invention  relates  to  metrological  appara- 
tus,  especially  for  measuring  form,  such  as  round- 
ness  and  straightness,  or  errors  therein,  comprising 
a  workpiece  support,  a  sensor  for  sensing  the 
surface  of  a  workpiece  on  said  support,  a  plurality 
of  drive  means  for  effecting  relative  movement 
between  a  workpiece  on  said  support  and  said 
sensor  so  that  said  sensor  traverses  the  surface  of 
the  workpiece,  and  computer  means  for  controlling 
said  drive  means  for  the  performance  of  a  measur- 
ing  operation  and  for  deriving  metrological  data 
during  said  measuring  operation. 

Such  an  apparatus  is  disclosed  in  German  Pat- 
ent  DE-A-2654839.  In  this  apparatus,  a  central  pro- 
cessor  unit  controls  the  drive  means  through  a 
drive  element  control  device  of  unspecified  type 
and  the  outputs  of  position  detectors  are  fed  to 
further  computers  whose  ouputs  are  then  fed  to  the 
central  processor.  Similarly,  outputs  from  the  sen- 
sor  are  fed  to  analysing  circuits  which  in  turn 
output  data  to  the  central  processor.  Thus,  with  this 
architecture,  the  central  processor  appears  to  be 
burdened  continuously  and  simultaneously  with 
many  detailed  control  and  interpretive  tasks. 

Another  form  of  computer  architecture  in  a 
measuring  apparatus  is  disclosed  in  EP-A-1  32947. 
In  this,  a  central  processor  outputs  control  instruc- 
tions  direct  to  a  microprocessor  control  board 
which  controls  X  and  Y  stepping  motors  directly 
and  thus,  again,  it  appears  that  the  central  proces- 
sor  is  continously  busy  with  detailed  control  tasks. 

The  object  of  the  present  invention  is  to  pro- 
vide  an  improved  computer  architecture  in  a 
metrological  apparatus  as  above  defined. 

The  metrological  apparatus  of  the  present  in- 
vention  is  characterised  in  that  the  computer 
means  comprises  a  host  computer  having  data 
input  means  for  the  input  of  instructions  for  per- 
forming  a  required  measuring  operation,  and  being 
arranged  to  perform  calculations  on  data  obtained 
with  the  aid  of  said  sensor,  a  master  computer 
arranged  for  receiving  from  said  host  computer 
instructions  defining  a  metrological  operation  to  be 
performed,  and  a  plurality  of  slave  computers  ar- 
ranged  for  controlling  respective  different  ones  of 
said  drive  means,  said  master  computer  being  ar- 
ranged  for  sending  to  said  slave  computers  instruc- 
tions,  dependent  upon  the  metrological  operation  to 
be  performed,  to  control  said  drive  means  for  the 
performance  of  said  operation. 

Thus,  in  effect,  the  computer  architecture  ac- 
cording  to  the  invention  has  the  computers  ar- 
ranged  in  three  levels,  with  each  level  performing 
the  different  tasks  set  out  in  the  preceding  para- 
graph. 

The  invention  is  described  further  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings  in  which: 

Figure  1  is  a  perspective  view  of  metrological 
5  apparatus  provided  with  a  computer  system 

having  an  architecture  according  to  an  embodi- 
ment  of  the  invention; 
Figure  2  is  a  perspective  view  showing  part  of 
the  apparatus  of  Figure  1  in  more  detail; 

io  Figure  3  is  an  elevation  in  the  direction  of  arrow 
III  of  Figure  2; 
Figure  4  is  an  elevation  in  the  direction  of  arrow 
IV  of  Figure  2; 
Figure  5  is  a  block  diagram  illustrating  the  com- 

75  puter  system  incorporated  in  the  apparatus  of 
Figure  1  ; 
Figure  6  is  a  diagram  of  a  cam  for  illustrating  a 
preferred  function  which  may  be  carried  out  by 
the  apparatus  of  Figures  1  to  5;  and 

20  Figures  7,  8  and  9  are  diagrams  illustrating 
methods  of  measuring  flatness,  cylindricity  and 
conicity  utilising  the  apparatus  of  Figures  1  to  5. 
With  reference  to  Figure  1,  metrological  ap- 

paratus  comprises  a  bench  2  provided  with  a  turn- 
25  table  4  for  supporting  a  workpiece  (not  shown).  A 

carriage  6  is  supported  for  vertical  movement  on  a 
column  8  and  carries  a  horizontally  movable  arm 
10.  A  stylus  12  for  engaging  the  surface  of  the 
workpiece  is  comprised  in  a  linear  transducer  14, 

30  which  may  be  inductive  or  capacitative  for  exam- 
ple,  which  is  carried  on  one  end  of  an  arm  16 
whose  other  end  is  attached  to  the  free  end  of  the 
arm  10  for  pivotal  movement,  in  the  direction 
shown  by  arrow  18,  about  an  axis  20  which  is  at 

35  45°  to  the  horizontal. 
As  best  seen  in  Figure  2,  the  arm  16  is  pivota- 

ble  through  180°  about  the  axis  20  between  the 
end  positions  shown  in  Figure  2  in  full  and  chain 
dotted  lines  respectively.  In  the  full  line  position, 

40  the  stylus  12  is  vertical  and  in  the  broken  line 
position  the  stylus  12  is  horizontal.  The  arrange- 
ment  is  such  that  the  tip  of  the  stylus  12a  is 
located  in  substantially  the  same  position  in  a  ra- 
dial  plane  of  the  turntable  4  when  the  arm  16  is  in 

45  either  of  the  two  positions  shown  in  Figure  2.  An 
electric  motor  3  mounted  in  the  arm  10  is  coupled 
to  the  arm  16  through  a  worm  and  wheel  transmis- 
sion  5  for  driving  the  arm  16  between  its  two  end 
positions.  The  stylus  12  and  transducer  14  are 

50  arranged  so  that  the  stylus  12  can  be  deflected 
relative  to  the  transducer  14  in  only  one  direction. 
However,  the  transducer  14  is  mounted  in  the  arm 
16  for  rotation  about  an  axis  7,  preferably  through 
270  °  in  30  °  steps.  Thus,  for  example,  if  the  trans- 

55  ducer  14  is  rotated  about  axis  7  through  90°  this 
changes  by  90°  the  plane  within  which  the  stylus 
12  is  deflectable.  A  motor  9  is  mounted  in  the  arm 
for  effecting  rotation  of  the  transducer  14.  When 
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the  arm  16  is  in  the  full  line  position  shown  in 
Figure  2  with  the  stylus  12  vertical,  for  example  for 
sensing  an  internal  surface  of  a  workpiece  placed 
on  the  turntable  4,  the  transducer  14  will  generally 
be  maintained  in  a  position  in  which  the  stylus  12 
is  deflectable  in  a  radial  plane  relative  to  the  turn- 
table  4.  However,  when  the  arm  16  is  in  the  broken 
line  position  shown  in  Figure  2  with  the  stylus  12 
horizontal,  the  transducer  14  may  be  rotated  either 
to  the  position  in  which  the  stylus  12  is  deflectable 
in  a  horizontal  plane  or  to  a  position  in  which  the 
stylus  12  is  deflectable  in  a  vertical  plane.  In  the 
former  position,  a  side  surface  of  a  workpiece  may 
conveniently  be  sensed  and  in  the  latter  position  an 
upwardly  facing  surface  may  conveniently  be 
sensed.  Surfaces  facing  in  other  directions  may  be 
sensed  by  rotating  the  transducer  14  about  axis  7 
to  a  position  in  which  the  stylus  12  is  deflectable  in 
a  plane  generally  normal  to  the  surface  to  be 
sensed. 

As  seen  in  Figure  3,  a  motor  35  is  provided  in 
the  carriage  6  for  driving  the  arm  10  in  the  horizon- 
tal  direction  indicated  by  arrow  11,  drive  being 
transmitted  from  the  motor  35  to  the  arm  11 
through  a  rack  and  pinion  arrangement  13  or  other 
suitable  means  such  as  a  ball  screw.  Movement  of 
the  arm  10  in  the  direction  of  arrow  11  causes  the 
transducer  14  to  be  moved  horizontally  so  that  the 
tip  12a  of  the  stylus  12  is  moved  radially  inwardly 
or  outwardly  relative  to  the  axis  of  the  turntable  4, 
the  tip  12a  remaining  in  the  radial  plane  throughout 
this  movement.  Light  from  a  source  15  mounted  in 
the  carriage  6  is  directed  towards  a  linear  optical 
grating  19  carried  by  the  arm  11  and  reflected 
therefrom  to  a  phototransducer  21  which  provides 
output  signals,  preferably  quadrature  signals,  from 
which  the  position  and  velocity  of  the  arm  11  can 
be  derived.  As  also  seen  in  Figure  3,  a  further 
phototransducer  23  provides  signals  from  which  the 
position  and  rotational  velocity  of  the  turntable  4, 
which  is  driven  by  a  motor  33,  can  be  derived  with 
the  aid  of  a  light  source  25  and  optical  grating  27 
movable  with  the  turntable  4. 

As  seen  in  Figure  4,  a  motor  37  carried  by  the 
carriage  6  cooperates  with  a  rack  and  pinion  ar- 
rangement  39  (or  other  suitable  means  such  as  a 
sprocket  wheel  and  chain)  for  driving  the  carriage  6 
vertically  in  the  direction  of  arrow  41.  A  constant 
force  spring  (not  shown)  is  provided  for  counter- 
balancing  this  movement.  A  further  optical  grating 
43  mounted  in  the  column  8  reflects  light  from  a 
source  27  carried  by  the  carriage  6  to  a  phototran- 
sducer  31  also  carried  by  the  carriage  6  so  that  the 
transducer  31  may  provide  signals,  preferably 
quadrature  signals,  from  which  the  position  and 
speed  of  movement  of  the  carriage  6  may  be 
derived. 

As  seen  in  Figures  1  and  5  a  host  computer 
22,  which  is  provided  with  a  keyboard  24,  disc 
drive  26  and  printer  28,  is  located  on  the  bench  2 
and  is  used  for  controlling  the  metrological  appara- 

5  tus,  processing  the  measurements  obtained  and 
outputting  the  required  metrological  data.  The  host 
computer  may,  for  example,  be  an  IBM  compatible 
PC. 

As  shown  in  Figure  5,  the  apparatus  includes  a 
io  number  of  microprocessors  30,  32,  34,  36,  38  and 

40.  Microprocessor  30  is  used  as  a  master  com- 
puter  and  receives  instructions  from  the  host  22  as 
to  the  operations  which  are  to  be  performed  by  the 
apparatus.  Such  instructions  are  stored  by  the 

is  master  computer  30  which,  in  accordance  with 
programs  stored  in  memory  associated  with  the 
master  computer,  instructs  and  controls  the  re- 
maining  microprocessors,  via  a  slave  driver  proces- 
sor  30a,  as  to  the  action  to  be  taken  in  order  to 

20  carry  out  the  instructions  supplied  by  the  host  22. 
Each  of  the  remaining  microprocessors  also  has 
memory  associated  with  it  storing  the  routines  nec- 
essary  for  the  performance  of  the  instructions  re- 
ceived  from  the  master  computer  30.  Thus,  micro- 

25  processors  32,  34,  36  and  38  are  designated  as 
slaves. 

Slave  32  controls  the  speed  of  rotation  of  the 
turntable  4.  Slave  34  controls  radial  movement  of 
the  arm  10.  Slave  36  controls  vertical  movement  of 

30  the  carriage  6.  Slaves  32,  34  and  36  all  preferably 
control  the  speeds  of  the  respective  motors  33,  35 
and  37  Slave  38  receives  instructions  from  commu- 
nication  network  45  and  controls  centring  and  level- 
ling  motors  38a  wherein  the  turntable  4  is  dis- 

35  placed  horizontally  and/or  pivotally  for  centring  and 
levelling  of  a  workpiece  prior  to  performing  mea- 
surements.  The  arrangements  for  centring  and  lev- 
elling  are  preferably  in  accordance  with  the  disclo- 
sure  of  our  patent  application  being  filed  simulta- 

40  neously  herewith  and  claiming  priority  from  Eu- 
ropean  Patent  Application  EP-A-240150  in  which 
the  inventors  are  Anthony  Bruce  Barnaby  and  Mi- 
chael  Walter  Mills. 

Microprocessor  40  receives  data  from  gauging 
45  circuit  41  which  receives  and  digitizes  the  signal 

output  by  the  transducer  14  and  from  each  of  three 
interpolators  42,  44  and  46,  which  respectively 
receive  signals  from  photoelectric  transducers  23, 
21  and  31  that  detect  the  rotary  movement  of  the 

50  turntable  4,  the  radial  (horizontal)  movement  of  the 
arm  10  and  the  vertical  movement  of  the  carriage  6 
respectively.  The  interpolators  function  to  provide 
data  representing  the  precise  positions  of  the  turn- 
table  4,  arm  10  and  carriage  6  to  a  resolution  to  a 

55  small  fraction  of  the  pitch  of  the  optical  gratings  27, 
19  and  43.  In  the  preferred  embodiment,  the  inter- 
polators  provide  resolution  of  the  position  of  the 
transducer  14  in  the  radial  (horizontal)  direction  to 
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about  200  nanometres  and  in  the  axial  (vertical) 
direction  to  about  500  nanometres  and  the  rota- 
tional  position  of  the  workpiece  can  be  resolved  to 
about  3  arc  seconds.  The  invention  is  not  restricted 
to  any  specific  resolution  but  it  is  preferred  that 
resolution  in  the  radial  and  vertical  directions 
should  be  better  than  1  micron  and  the  rotational 
resolution  should  be  better  than  100  arc  seconds, 
preferably  better  than  10  arc  seconds.  As  already 
indicated,  the  transducer  14  preferably  provides  an 
output  signal  which  resolves  the  position  of  the  tip 
12a  of  the  stylus  12  to  better  than  20  nanometres, 
preferably  12  nanometres.  Thus,  high  resolution 
data  as  to  the  deflection  of  the  stylus  12  and  the 
disposition  of  the  transducer  14  in  the  radial  (R) 
and  vertical  (Z)  directions  and  the  precise  rotational 
position  (O)  of  the  turntable  4  is  continually  sup- 
plied  to  the  microprocessor  40  during  a  measuring 
operation.  This  data  is  logged  and  stored  by  the 
microprocessor  40  and  supplied  to  the  host  22  for 
the  performance  of  the  required  calculations  of  this 
data  in  accordance  with  programs  stored  in  mem- 
ory  associated  with  the  host  22. 

Accordingly,  and  by  way  of  summary,  the  ar- 
chitecture  shown  in  Figure  5  is  such  that  the  com- 
puters  are  arranged  in  three  levels.  The  host  22 
represents  a  firt  level  and  permits  the  input  of 
instructions  from  an  operator,  the  transfer  of  appro- 
priate  instructions  to  the  master  computer,  and  the 
reception  of  data  from  the  data  logger  40.  The  host 
22  performs  calculations  on  that  data  in  order  to 
provide  the  required  information.  The  second  level 
is  represented  by  the  master  computer  30  which, 
upon  receipt  of  instructions  from  the  host  22,  trans- 
mits,  in  accordance  with  programs  stored  in  mem- 
ory  associated  with  the  master  computer  30,  appro- 
priate  instructions  to  the  various  slaves,  via  the 
slave  driver  30a  as  necessary  to  perform  the  op- 
eration  instructed  by  the  host.  The  slaves  32,  34, 
36  and  38,  and  the  data  logger  40,  represent  the 
third  level  and  carry  out,  in  accordance  with  pro- 
grams  stored  in  memory  associated  with  them  re- 
spectively,  the  detailed  functions  necessary  to  per- 
form  the  operations  instructed  by  the  master  com- 
puter  on  the  instructions  of  the  host  22.  Preferably 
the  master  computer  is  arranged  so  that  succes- 
sive  instructions  received  from  the  host  22  may  be 
stored  simultaneously  in  different  portions  of  the 
associated  memory  so  that  these  instructions  may 
be  acted  upon  in  turn  by  the  master  computer  30. 

It  has  already  been  mentioned  that  the  trans- 
ducer  14  is  a  linear  transducer.  Thus,  the  signal 
which  it  outputs  is  representative  of  the  degree  of 
deflection  of  the  stylus  12.  However,  as  also  al- 
ready  indicated,  transducers  providing  the  required 
high  degree  of  resolution,  for  example  resolution  to 
better  than  20  nanometres  suffer  from  the  problem 
that  their  range  of  operation  i.e.  the  range  of  move- 

ment  of  the  tip  12a  of  the  stylus  12  within  which  a 
linear  output  signal  with  the  required  resolution  is 
provided,  is  highly  limited.  Specifically,  transducers 
with  a  suitable  resolution  may  have  a  range  of  no 

5  more  than  0.4  mm.  To  overcome  this  problem  in 
accordance  with  an  important  preferred  aspect  of 
the  invention,  the  master  computer  30,  upon  re- 
ceiving  information  that  the  signal  from  the  gauging 
circuit  41  has  exceeded  a  predetermined  threshold, 

io  transmits  an  instruction  to  slave  34  to  activate  the 
motor  35  whereby  the  arm  1  1  is  displaced  until  the 
signal  output  by  the  gauging  circuit  14  is  returned 
to  a  predetermined  value,  defined  as  a  null  value 
(which  may,  for  example,  be  zero).  Such  instruction 

is  is  sent  when  the  transducer  14  is  in  a  position  in 
which  the  stylus  12  is  deflectable  in  a  radial  plane 
with  the  arm  16  in  either  of  the  positions  shown  in 
Figure  2.  If  the  arm  16  is  in  the  broken  line  position 
shown  in  Figure  2,  with  the  stylus  12  horizontal, 

20  and  if  the  transducer  14  is  rotated  to  the  position  in 
which  the  stylus  is  deflectable  in  a  vertical  plane 
(i.e.  parallel  to  the  axis  of  the  turntable  4)  the 
master  computer  30  sends  an  instruction  to  the 
slave  36  to  activate  the  motor  37  when  the  output 

25  from  the  gauging  circuit  14  exceeds  the  predeter- 
mined  threshold.  Further,  the  master  computer  30 
is  arranged  so  that,  in  appropriate  circumstances, 
activation  of  the  motor  33  for  rotating  the  turntable 
may  be  effected  under  control  of  signals  from  the 

30  transducer  14  such  that  when  the  signal  therefrom 
exceeds  a  predetermined  threshold  the  motor  33  is 
actuated  so  that  the  workpiece  is  moved  as  neces- 
sary  to  permit  the  transducer  14  to  follow  the 
surface  of  the  workpiece  as  it  moves  in  the  hori- 

35  zontal  and/or  vertical  direction.  Thus,  in  all  of  these 
cases,  the  stylus  12  is  caused  to  follow  the  surface 
of  the  workpiece  during  rotation  of  the  workpiece 
on  the  turntable  4.  As  a  result  high  resolution 
measurements  can  be  obtained  while  nevertheless 

40  accommodating  large  features  of  form  since  when 
such  large  features  are  encountered  by  the  stylus 
the  arm  10  or  carriage  6  is  moved  as  appropriate 
so  that  the  tip  of  the  stylus  follows  the  workpiece 
surface  without  the  stylus  being  deflected  beyond 

45  its  range  of  operation.  The  host  computer  22  ob- 
tains  the  metrological  information  required,  for  ex- 
ample  as  to  form  or  errors  in  form,  both  from  the 
signals  derived  from  the  transducer  14  and  the 
signals  derived  from  the  phototransducers  23,  21, 

50  31  and  the  associated  interpolators  42,  44  and  46. 
Alternatively  or  in  addition,  the  speed  at  which 

the  stylus  traverses  the  workpiece  surface  may  be 
varied,  by  varying  the  speed  of  the  motors  driving 
the  turntable  4  and/or  the  arm  10  and/or  the  car- 

55  riage  6,  so  as  to  enable  the  gathering  of  data  in  a 
preferred  manner  for  example  to  provide  constant 
surface  bandwidth  whereby  the  results  of  measur- 
ing  identical  surface  features  at  different  radii  are 
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also  identical  and  dependent  only  on  the  surface 
speed  selected.  In  particular,  it  is  preferred  that 
data  be  taken  at  points  on  the  surface  of  the 
workpiece  at  fixed  distances  apart  and  accordingly, 
with  the  arrangement  under  description,  this  may 
be  achieved  regardless  of,  for  example,  different 
curvatures  of  different  portions  of  the  surface,  with- 
out  varying  the  data  collection  rate  by  varying  one 
or  more  of  the  speeds  mentioned  in  order  to  com- 
pensate  for  the  difference  in  curvatures,  for  exam- 
ple.  In  order  to  accomplish  this,  the  master  com- 
puter  30  reads  positional  data  from  the  interpola- 
tors  42,  44  and  46  and  the  gauging  circuit  41  ,  the 
speed  of  the  appropriate  motors  being  varied  in 
accordance  with  this  received  data  and  with  pro- 
grams  stored  in  memory  associated  with  the  mas- 
ter  computer  30. 

As  an  example  of  the  foregoing,  Figure  6  illus- 
trates  a  cam  50  whose  profile  is  to  be  measured  by 
taking  measurements  at  positions  spaced  apart  by 
a  distance  ds.  At  portion  52  of  the  cam  where 
distance  ds  is  at  a  radius  r1  from  the  centre  of 
rotation  54  and  subtends  at  angle  a,  the  speed  of 
rotation  of  the  turntable  4,  in  order  to  enable  collec- 
tion  of  data  at  a  constant  rate,  will  have  to  differ 
from  that  utilised  when  measuring  portion  53  of  the 
cam,  where  ds  is  at  a  radius  r2  and  subtends  an 
angle  b.  Thus,  the  master  computer  has  associated 
with  it  programs  for  varying  the  speed  of  rotation  of 
the  turntable  4  taking  these  parameters  into  ac- 
count  in  order  that  data  may  be  collected  at  a 
constant  rate  at  constant  incremental  positions  of 
the  stylus  on  the  surface  being  measured.  To 
achieve  this,  the  speed  of  rotation  of  the  turntable 
may  be  controlled  in  accordance  with  the  following 
equation: 

where  V  is  the  required  constant  speed  of  traverse 
of  the  transducer  over  the  workpiece  surface,  S  is 
the  signal  from  the  linear  output  transducer  14  and 
R  is  the  signal  derived  by  the  interpolator  44  from 
the  transducer  21  indicating  the  radial  position  of 
the  transducer  14. 

With  reference  to  Figure  7,  a  preferred  opera- 
tion  for  the  measurement  of  flatness  is  illustrated. 
In  Figure  7,  a  surface  60  of  a  workpiece  (not 
shown)  placed  upon  the  turntable  4  is  traversed  by 
the  stylus  12  in  a  spiral  path  62.  This  is  achieved 
by  causing  the  arm  10  to  be  moved  radially  in- 
wardly  or  outwardly  accordingly  to  whether  the 
measurement  is  started  near  the  centre  or  near  the 
periphery  of  the  surface  60,  whilst  rotating  the 
turntable  4.  In  one  preferred  mode  of  operation,  the 

speed  of  rotation  of  the  turntable  is  varied,  as  a 
linear  function  of  the  distance  of  the  stylus  from  the 
centre  of  rotation,  in  order  that  the  linear  speed  of 
traverse  of  the  stylus  over  the  surface  is  main- 

5  tained  constant.  Data  from  the  stylus  12  is  logged 
at  fixed  time  or  distance  intervals.  Other  modes  of 
operation  are  possible  in  which,  for  example,  the 
speed  of  rotation  is  kept  constant. 

With  reference  to  Figure  8,  cylindricity  of  a 
io  surface  64  is  measured  by  causing  the  stylus  12  to 

traverse  a  spiral  (helical)  path  66.  This  is  achieved, 
after  centring  and  levelling,  by  rotation  of  the  turn- 
table  4  whilst  moving  the  carriage  6  vertically.  In 
this  measurement,  the  speeds  of  movement  are 

is  maintained  constant  and  again  data  is  logged  at 
fixed  time  intervals,  these  fixed  intervals  again  re- 
sulting  in  the  logging  of  data  at  fixed  incremental 
distances  along  the  path  of  movement  of  a  stylus 
over  the  surface.  Measurements  are  taken  over  a 

20  number  of  revolutions  around  the  surface  64  i.e. 
the  helix  or  spiral  has  multiple  turn.  It  may  be 
noted  that  the  stylus  may  be  caused  to  traverse  a 
spiral  or  helical  path  over  the  cylindrical  surface  64 
for  the  purpose  of  determining  the  axis  of  the 

25  cylinder. 
In  the  example  of  Figure  9,  conicity  of  a  sur- 

face  70  is  measured  by  causing  the  stylus  12  to 
traverse  a  spiral  path  72  having  several  turns.  This 
is  achieved,  after  centring  and  levelling,  by  rotating 

30  the  turntable  4  whilst  moving  the  carriage  6  verti- 
cally  and  the  arm  10  radially  (horizontally).  The 
radial  movement  is  inwards  if  the  stylus  moves 
from  a  relatively  wide  portion  to  a  relatively  narrow 
portions  of  the  surface  70  and  vice  versa  .  The 

35  radial  movement  of  the  arm  10  is  controlled  in 
dependence  upon  the  magnitude  of  the  signal  out- 
put  by  the  transducer  14  so  that  the  stylus  12  is 
maintained  in  continuous  contact  with  the  conical 
surface  70  as  the  measurement  progresses.  Fur- 

40  ther,  the  angular  velocity  of  the  turntable  4  can  be 
controlled  as  a  linear  function  of  the  radial  position 
of  the  arm  10  as  indicated  by  transducer  44  so  that 
the  linear  speed  at  which  the  stylus  traverses  the 
surface  70  is  maintained  constant.  Data  is  logged 

45  at  constant  time  intervals. 
Although  certain  preferred  methods  of  mea- 

surement  have  described,  it  should  be  understood 
that  the  machine  may  be  programmed  for  carrying 
out  a  wide  variety  of  measurements,  such  as  sur- 

50  face  roughness,  roundness,  straightness,  flatness, 
squareness,  taper,  coaxiality,  parallelism,  size  of 
regular  and  irregular  shapes. 

Where,  in  the  preferred  embodiment,  the  trans- 
ducer  position  and/or  the  speeds  of  one  or  more  of 

55  the  motors  are  varied  either  in  sequence  or  si- 
multaneously  so  that  the  transducer  follows  the 
profile  being  measured  and/or  so  that  measure- 
ments  may  be  taken  at  constant  surface  intervals 

5 
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measurements  may  be  performed  more  rapidly 
and  efficiently  than  in  prior  art  apparatus. 

Claims 

1.  Metrological  apparatus  comprising  a  workpiece 
support  (4),  a  sensor  (12,14)  for  sensing  the 
surface  of  a  workpiece  on  said  support  (4),  a 
plurality  of  drive  means  (33,35,37)  for  effecting 
relative  movement  between  a  workpiece  on 
said  support  (4)  and  said  sensor  (12,14)  so  that 
said  sensor  (12,14)  traverses  the  surface  of  the 
workpiece,  and  computer  means 
(22,30,32,34,36)  for  controlling  said  drive 
means  (33,35,37)  for  the  performance  of  a 
measuring  operation  and  for  deriving  metrolog- 
ical  data  during  said  measuring  operation, 
characterised  in  that  said  computer  means 
comprises  a  host  computer  (22)  having  data 
input  means  (24)  for  the  input  of  instructions 
for  performing  a  required  measuring  operation, 
and  being  arranged  to  perform  calculations  on 
data  obtained  with  the  aid  of  said  sensor 
(12,14),  a  master  computer  (30)  arranged  for 
receiving  from  said  host  computer  (22)  instruc- 
tions  defining  a  metrological  operation  to  be 
performed,  and  a  plurality  of  slave  computers 
(32,34,36)  arranged  for  controlling  respective 
different  ones  of  said  drive  means  (33,35,37), 
said  master  computer  (30)  being  arranged  for 
sending  to  said  slave  computers  (32,34,36) 
instructions,  dependent  upon  the  metrological 
operation  to  be  performed,  to  control  said  drive 
means  for  the  performance  of  said  operation. 

2.  Apparatus  according  to  claim  1,  characterised 
by  an  additional  computer  (40)  for  logging  data 
obtained  during  said  metrological  operation 
and  for  transmitting  said  logged  data  to  said 
host  computer  (22). 

3.  Apparatus  according  to  claim  1  or  2,  charac- 
terised  in  that  said  master  computer  (30)  also 
receives  information  from  the  sensor  (12,  14) 
and  as  to  the  position  of  the  sensor  (12,14). 

Patentanspruche 

1.  MeBtechnisches  Gerat  mit  einem  Werkstuck- 
halter  (4),  einem  Fuhler  (12,  14)  zum  Abtasten 
der  Oberflache  eines  auf  dem  Halter  (4)  be- 
findlichen  Werkstucks,  mehreren  Antriebsein- 
richtungen  (33,  35,  37)  zur  Ausfuhrung  einer 
Relativbewegung  zwischen  einem  auf  dem 
Halter  (4)  befindlichen  Werkstuck  und  dem 
Fuhler  (12,  14)  derart,  daf3  der  Fuhler  (12,  14) 
die  Werkstuckoberflache  uberquert,  und  einer 
Computereinrichtung  (22,  30,  32,  34,  36)  zur 

Steuerung  der  Antriebseinrichtungen  (33,  35, 
37)  zur  Durchfuhrung  eines  MeBvorgangs  und 
Ableitung  von  meBtechnischen  Daten  wahrend 
des  MeBvorgangs,  dadurch  gekennzeichnet, 

5  dal3  die  Computereinrichtung  einen  Host-Com- 
puter  (22),  der  eine  Dateneingabeeinrichtung 
(24)  zur  Eingabe  von  Befehlen  fur  die  Durch- 
fuhrung  eines  erforderlichen  MeBvorgangs  auf- 
weist  und  so  ausgelegt  ist,  dal3  er  Berechnun- 

io  gen  an  mit  Hilfe  des  Fuhlers  (12,  14)  gewonne- 
nen  Daten  durchfuhrt,  einen  Master-Computer 
(30),  der  so  ausgelegt  ist,  dal3  er  von  dem 
Host-Computer  (22)  Befehle  empfangt,  die  ei- 
nen  durchzufuhrenden  meBtechnischen  Vor- 

15  gang  definieren,  sowie  mehrere  Slave-Compu- 
ter  (32,  34,  36)  umfaBt,  die  zur  Steuerung 
jeweils  unterschiedlicher  Antriebseinrichtungen 
(33,  35,  37)  ausgelegt  sind,  wobei  der  Master- 
Computer  (30)  so  ausgelegt  ist,  dal3  er  an  die 

20  Slave-Computer  (32,  34,  36)  je  nach  dem 
durchzufuhrenden  meBtechnischen  Vorgang 
Befehle  zur  Steuerung  der  Antriebseinrichtun- 
gen  fur  die  Durchfuhrung  dieses  Vorgangs 
sendet. 

25 
2.  Gerat  nach  Anspruch  1  ,  gekennzeichnet  durch 

einen  weiteren  Computer  (40)  zum  Protokollie- 
ren  von  wahrend  des  meBtechnischen  Vor- 
gangs  gewonnenen  Daten  und  Ubertragen  der 

30  protokollierten  Daten  an  den  Host-Computer 
(22). 

3.  Gerat  nach  Anspruch  1  oder  2,  dadurch  ge- 
kennzeichnet,  dal3  auch  der  Master-Computer 

35  (30)  Informationen  von  dem  Fuhler  (12,  14) 
sowie  bezuglich  dessen  Lage  empfangt. 

Revendicatlons 

40  1.  Appareil  metrologique  comprenant  un  support 
de  piece  d'oeuvre  (4),  un  detecteur  (12,  14) 
pour  explorer  la  surface  d'une  piece  d'oeuvre 
sur  le  support  (4),  un  certain  nombre  de 
moyens  d'entraTnement  (33,  35,  37)  pour  pro- 

45  duire  un  mouvement  relatif  entre  une  piece 
d'oeuvre  placee  sur  le  support  (4)  et  le  detec- 
teur  (12,  14)  de  fagon  que  ce  detecteur  (12, 
14)  traverse  la  surface  de  la  piece  d'oeuvre,  et 
des  moyens  d'ordinateurs  (22,  30,  32,  34,  36) 

50  pour  commander  les  moyens  d'entraTnement 
(33,  35,  37)  de  maniere  a  effectuer  une  opera- 
tion  de  mesure  et  a  obtenir  des  donnees  me- 
trologiques  pendant  cette  operation  de  mesure, 
caracterise  en  ce  que  les  moyens  d'ordina- 

55  teurs  comprennent  un  ordinateur  hote  (22) 
comportant  des  moyens  d'entree  de  donnees 
(24)  pour  I'entree  d'instructions  destinees  a 
effectuer  une  operation  de  mesure  requise,  et 

6 
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etant  organise  pour  effectuer  des  calculs  sur 
les  donnees  obtenues  au  moyen  du  detecteur 
(12,  14),  un  ordinateur  mattre  (30)  organise 
pour  recevoir  de  I'ordinateur  hote  (22)  des 
instructions  definissant  une  operation  metrolo-  5 
gique  a  effectuer,  et  un  certain  nombre  d'ordi- 
nateurs  esclaves  (32,  34,  36)  organises  pour 
commander  les  differents  elements  respectifs 
des  moyens  d'entraTnement  (33,  35,  37),  I'ordi- 
nateur  mattre  (30)  etant  congu  pour  envoyer,  10 
en  fonction  de  I'operation  metrologique  a  ef- 
fectuer,  des  instructions  aux  ordinateurs  escla- 
ves  (32,  34,  36),  de  maniere  a  commander  les 
moyens  d'entraTnement  en  vue  de  I'execution 
de  cette  operation.  is 

Appareil  selon  la  revendication  1,  caracterise 
en  ce  qu'il  comprend  un  ordinateur  supple- 
mentaire  (40)  pour  noter  les  donnees  obtenues 
pendant  I'operation  metrologique,  et  pour  tran-  20 
smettre  ces  donnees  notees  a  I'ordinateur 
hote  (22). 

Appareil  selon  I'une  des  revendications  1  ou  2, 
caracterise  en  ce  que  I'ordinateur  mattre  (30)  25 
regoit  egalement  une  information  du  detecteur 
(12,  14)  et  une  information  relative  a  la  position 
de  ce  detecteur  (12,  14). 
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