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@)  Means  and  method  for  fabrication  of  grazing  incidence  optics. 

@  A  grazing  incidence  optic  is  fabricated  by 
grinding,  polishing,  or  both,  using  a  tapered, 
barrel-shaped  tool.  The  optic  surface  to  be 
ground  or  polished  is  placed  in  contact  with  a 
selected  portion  of  the  grinding  or  polishing 
surface  of  the  tool,  and  the  tool  is  rotated  about 
its  longitudinal  axis.  The  optic  is  subjected  to  a 
reciprocating  grinding  movement  along  the 
length  of  the  barrel  tool.  A  helical  groove  in  the 
tool  allows  slurry  to  pass  between  the  optic 
surface  being  worked  and  the  tool  surface.  Air 
is  forced  between  the  optic  surface  and  the  tool 
surface  to  release  the  optic  from  the  tool. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  to  grazing  incidence  optics 
and,  more  particularly,  to  the  fabrication  thereof. 

The  current  technique  used  to  shape  grazing  in- 
cidence  optics  is  step  grinding  and  polishing.  The  step 
grinding  and  polishing  technique  is  specific  for  asphe- 
ric  optics  where  the  angle  normal  to  the  conic  section 
about  the  axis  of  revolution  is  less  than  70°.  The  step 
grinding  technique,  when  applied  to  grazing  incidence 
optics,  leaves  high  spatial  frequency  residual  surface 
error  that  will  degrade  optical  performance. 

SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide 
shaping  means  and  methods  for  fabricating  grazing 
incidence  optics. 

According  to  the  present  invention,  a  barrel  tool 
is  used  to  grind  or  polish  a  grazing  incidence  optic. 

In  further  accord  with  the  present  invention,  a  ta- 
pered  barrel-shaped  grinding  tool  having  a  grinding  or 
polishing  surface  is  rotated  about  a  fixed  longitudinal 
axis  of  rotation,  and  a  surface  of  an  optical  component 
is  placed  in  contact  with  the  grinding  or  polishing  sur- 
face  and  ground  or  polished  with  a  reciprocating  mo- 
tion  along  the  length  of  the  grinding  or  polishing  tool. 

In  still  further  accord  with  the  present  invention, 
air  is  forced  between  the  surface  of  the  optical  com- 
ponent  and  the  grinding  surface  to  release  the  optical 
component  from  the  grinding  surface. 

An  apparatus,  according  to  the  present  invention, 
for  fabricating  a  grazing  incidence  optic  comprises  a 
barrel-shaped  tool  having  a  grinding  or  polishing  sur- 
face  and  a  longitudinal  axis  of  rotation  fixedly  mount- 
ed  on  means  for  mounting  the  grinding  or  polishing 
tool  for  rotation  about  its  longitudinal  axis  of  rotation 
and  further  comprises  means  for  mounting  the  optical 
component  with  respect  to  the  tool,  for  having  a  sur- 
face  thereof  ground  or  polished  by  the  fixedly-mount- 
ed  tool  about  its  longitudinal  axis,  and  a  reciprocating 
motion  relative  thereto,  and  further  comprises  means 
connected  to  the  tool  and  to  the  means  for  fixedly 
mounting  the  tool  for  rotating  the  grinding  tool  about 
its  longitudinal  axis  and  further  comprises  means 
connected  to  the  means  for  mounting  the  optical  com- 
ponent  and  to  the  means  for  fixedly  mounting  the 
grinding  tool  for  causing  the  means  for  mounting  the 
optical  component  to  move  in  the  reciprocating  mo- 
tion  along  a  selected  length  of  the  surface  of  the  bar- 
rel  tool. 

In  still  further  accord  with  an  apparatus  according 
to  the  present  invention,  the  tapered,  barrel-shaped 
tool  has  a  helical  groove  in  the  surface  thereof. 

Using  such  means  and  methods,  one  may  select 
a  tool  stroke  direction  and  pressure  to  achieve  both 
high  removal  rate  and  accurate  shape. 

The  present  invention  enables  the  achievement 

of  very  accurate  surface  shapes  for  grazing  incidence 
optics,  i.e.,  grazing  incidence  aspheres  with  large  de- 
partures  from  best-fit  spheres  and  cones.  It  also  en- 
ables  rapid  shaping  of  the  optic  due  to  continuous 

5  contact  between  the  optic  and  the  precision-shaped 
tool.  The  invention  is  also  usable  for  polishing,  which 
needs  to  meet  the  same  criteria  as  shaping,  with  the 
additional  requirement  of  tool  compliance.  Such  pol- 
ishing  corrects  for  residual  surface  defects  left  behind 

10  by  a  loose  abrasive  grinding  process. 
Since  the  tool  has  continuous  contact  with  the 

optic  workpiece,  as  opposed  to  the  prior  art  recipro- 
cating  tool,  multiple-pass  approach,  non-uniformities 
in  shaping  are  eliminated.  In  other  words,  errors  in 

15  forming  the  shape  of  the  optic  experienced  using  the 
reciprocating  approach  are  obviated. 

In  addition,  better  utilization  of  tool  contact  area 
gives  a  faster  material  removal  rate  and  more  uniform 
removal  than  previous  approaches.  This  is  achieved 

20  by  using  a  tool  which  has  an  effective  contact  area 
much  larger  than  the  area  of  the  optical  surface  being 
worked. 

The  present  invention  applies  to  grazing  inci- 
dence  optics,  including  aspheres,  for  electron  laser 

25  auto-coupling  mirrors,  X-ray  and  UV  synchrotron 
beam  line  optics.  Any  grazing  incidence  optics,  laser 
gyro  resonators  and  domes  or  radomes  may  be  fab- 
ricated,  according  to  the  teachings  hereof. 

These  and  other  objects,  features  and  advantag- 
30  es  of  the  present  invention  will  become  more  appa- 

rent  in  light  of  the  following  detailed  description  of  a 
best  mode  embodiment  thereof,  as  illustrated  in  the 
accompanying  drawing. 

35  BRIEF  DESCRIPTION  OF  THE  DRAWING 

The  drawing,  nor  drawn  to  scale,  includes: 
Fig.  1  shows  a  barrel-shaped  tool,  according  to 
the  present  invention. 

40  Fig.  2  shows  a  support  fixture,  according  to  the 
present  invention,  for  an  optical  component,  such 
as  a  mirror. 
Fig.  3  shows  a  stroke  device,  according  to  the 
present  invention. 

45  Figs.  4(a)-4(b)  show  a  cam,  such  as  shown  in  Fig. 
3,  from  a  top  view  at  various  positions  of  rotation. 
Fig.  5  shows  a  release  device,  according  to  the 
present  invention,  for  releasing  an  optical  compo- 
nent,  such  as  the  mirror  of  Fig.  2,  from  the  barrel- 

so  shaped  tool  of  Fig.  1  after  working  in  the  device 
of  Fig.  2,  according  to  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

55  Fig.  1  shows  an  embodiment  10  of  a  barrel-shap- 
ed  tool,  according  to  the  present  invention,  for  form- 
grinding  a  grazing  incidence  optic,  such  as  a  mirror  12 
shown  in  phantom  in  Fig.  1.  The-shape  of  the  barrel- 
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shaped  tool  10  of  Fig.  1  is  pre-selected  to  conform  to 
the  desired  shape  of  the  surface  of  the  optic  12.  The 
tool  10  has  a  cylindrical,  barrel-shaped  surface,  i.e., 
an  aspherical  surface  having  a  helical  groove  14  cut 
therein.  The  taper  of  the  surface  of  the  barrel  tool  10 
accommodates  the  desired  shape  of  the  optic.  The 
surface  of  the  tool  is  prepared  with  a  texture  suitable 
for  the  desired  grinding  or  polishing  effect.  The  helical 
groove  14  allows  forthe  same  amount  of  tool  surface 
area  to  pass  under  the  optical  surface  per  rotation  of 
the  tool  10  about  an  axis  of  rotation  16.  The  groove 
also  allows  slurry  to  pass  between  the  optical  surface 
and  the  tool  surface. 

As  mentioned  previously,  the  azimuthal  shape  of 
the  tool  10  establishes  the  desired  aspheric  depar- 
ture  per  a  selected  conic  equation. 

Fig.  2  shows  a  device  in  which  the  barrel-shaped 
tool  1  0  of  Fig.  1  is  mounted  so  that  its  axis  of  rotation 
is  coincident  with  an  axis  of  rotation  of  a  turning  de- 
vice,  or  lathe  having  a  spindle  20,  driven  by  a  gear  and 
motor  (not  shown)  within  or  connected  to  a  base  22. 
Asupportfixture24  rests  in  si  idable  engagement  with 
a  pedestal  or  lathe  ways  28  having  a  top  surface  26. 
The  pedestal  28  is  mounted  on  the  base  22. 

Aframe  30  may  be  held  in  position  within  the  sup- 
port  fixture  24  by  any  convenient  method,  including 
tongue-and-groove  arrangement,  as  shown,  where 
one  or  more  of  the  tongues  may  be  mated  to  a  dowel 
pin  31  in  the  support  fixture  24,  for  example.  Of 
course,  other  methods  of  securing  a  frame  to  an  un- 
derlying  support  fixture  24  may  be  used  as  well.  In 
fact,  the  embodiment  of  an  apparatus  for  fabricating 
a  grazing  incidence  optic  with  a  barrel-shaped  tool, 
as  shown  in  Fig.  1,  may  be  carried  out  in  any  number 
of  different  apparatus  types,  only  one  example  of 
which  is  shown  in  Fig.  2.  Thus,  it  will  be  understood 
that  numerous  other  methods  of  support  and  support 
holders  for  the  optic  to  be  worked  are  well  within  the 
spirit  and  scope  of  the  present  invention. 

The  optical  component  12  itself  is  inserted  within 
the  frame  30  and  may  be  held  snugly  in  place  by 
means  of  teflon  pads,  for  example.  The  optic  is  only 
held  snugly  and  not  tightly  because  there  is  a  need  for 
the  optic  to  float  while  it  is  being  moved  back  and 
forth  in  a  reciprocating  motion  along  the  length  of  the 
barrel  tool. 

A  device  32  is  also  mounted  in  stationary  fashion 
on  the  top  surface  26  of  the  pedestal  28  and  serves 
the  function  of  holding  an  idler  or  bearing  device  34 
which  receives  the  end  of  the  barrel  tool  and  keeps  it 
dead-centered. 

A  lead  screw  36  may  be  provided  along  the  long- 
itudinal  length  of  the  pedestal  28  for  driving  the  sup- 
port  device  24  in  a  reciprocating  motion  so  as  to 
cause  the  optic  to  move  longitudinally  back  and  forth 
in  a  similar  reciprocating  motion  on  the  surface  of  the 
barrel  tool. 

Turning  now  to  Fig.  3,  a  detailed  illustration  is  pro- 

vided  of  a  stroke  device  40,  which  may  be  provided, 
in  accordance  with  one  embodiment  of  the  present  in- 
vention.  The  stroke  control  device  40  is  a  uniquely-de- 
signed  combination  of  a  cam  42  and  spring  44.  The 

5  shape  of  the  cam  is  based  on  the  amount  of  stroke  re- 
quired  and  bears  against  a  cam  follower  roller  46.  It 
achieves  stroke  by  being  driven  by  the  lead  screw  36. 
The  spring  44  is  attached  to  a  block  45  attached  to  the 
support  fixture  24  and  to  the  base  22.  The  spring 

10  maintains  constant  contact  between  the  support  fix- 
ture  24  and  cam  42. 

Figs.  4(a)-(d)  show  the  cam  42  and  spring  44 
from  a  top  view  in  various  positions  of  rotation  of  the 
cam  and  makes  clear  how  the  cam  surface  causes 

15  the  support  fixture  to  move  longitudinally  as  the  cam 
rotates  through  360°.  A  fixed  scale  48  illustrates  the 
movement  of  the  fixture.  Of  course,  this  represents 
only  one  of  many  ways  to  move  the  fixture  in  a  reci- 
procating  motion. 

20  Turning  now  to  Fig.  5,  a  mirror  release  device  50 
is  shown.  Radial  holes  52,  54  are  drilled  in  the  surface 
of  the  tool  10,  through  which  compressed  air  is  ap- 
plied  by  means  of  a  delivery  system,  including  a  ro- 
tatable  tube  56  that  is  connected  to  a  valve  58,  a  pres- 

25  sure  regulator  60  and  a  buffer  device  62  which  re- 
ceives  compressed  air  from  a  source  64.  It  should  be 
noted  that  tube  56  is  disconnected  from  value  58  dur- 
ing  operation  but  nevertheless  rotates  with  10.  The 
compressed  air  is  applied  at  the  completion  of  the 

30  tooling  operation  to  separate  the  optic  12  from  the  tool 
1  0.  This  is  required  due  to  suction  caused  by  the  close 
fit  of  the  optic  to  the  tool. 

It  has  been  found  that  prof  ilometry  and  interfero- 
metry  may  be  used  to  verify  the  accuracy  of  the  graz- 

35  ing  incidence  of  the  optic  produced  by  the  method 
and  apparatus  of  the  present  invention. 

Although  the  invention  has  been  shown  and  de- 
scribed  with  respect  to  a  particular  embodiment 
thereof,  it  should  be  understood  by  those  skilled  in 

40  the  art  that  the  foregoing  and  various  other  changes, 
omissions  and  additions  in  the  form  and  detail  thereof 
may  be  made  therein  without  departing  from  the  spirit 
and  scope  of  the  invention.  Thus,  the  present  inven- 
tion  is  deemed  limited  only  by  the  claims  hereof  and 

45  the  reasonable  interpretation  thereof. 

Claims 

so  1.  A  method  of  fabricating  a  grazing  incidence  opti- 
cal  component,  comprising  the  steps  of: 

rotating  a  tapered  barrel-shaped  grinding 
tool,  having  a  grinding  surface,  about  a  fixed 
longitudinal  axis  of  rotation  thereof;  and 

55  grinding  a  surface  of  the  optical  compo- 
nent  with  a  reciprocating  motion  on  the  surface 
of  the  grinding  tool. 

3 
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2.  The  method  of  claim  1,  further  comprising  the 
steps  of: 

rotating  a  tapered  barrel-shaped  polishing 
tool,  having  a  polishing  surface,  about  a  fixed 
longitudinal  axis  of  rotation  thereof;  and 

polishing  the  optical  component  with  a  re- 
ciprocating  motion  the  surface  of  the  polishing 
tool. 

3.  The  method  of  claim  1,  further  comprising  the 
step  of  forcing  air  between  the  surface  of  the  opt- 
ical  component  and  the  grinding  surface  to  re- 
lease  the  optical  component  from  the  grinding 
surface. 

4.  Apparatus  for  fabricating  a  grazing  incidence  opt- 
ical  component,  comprising: 

a  tapered,  barrel-shaped  tool,  having  a 
working  surface  and  a  longitudinal  axis  of  rota- 
tion; 

means  for  fixedly  mounting  the  tool  for  ro- 
tation  about  the  longitudinal  axis  of  rotation; 

means  for  mounting  the  optical  compo- 
nent  with  respect  to  the  tool  for  having  a  surface 
thereof  worked  by  the  rotation  of  the  fixedly- 
mounted  tool  about  its  longitudinal  axis  and  by  a 
reciprocating  motion  of  the  optical  component  rel- 
ative  thereto; 

rotation  means  connected  to  the  tool  and 
to  the  means  for  fixedly  mounting  the  tool  for  ro- 
tating  the  grinding  tool  about  its  longitudinal  axis; 
and 

means,  connected  to  the  means  for 
mounting  the  optical  component  and  to  the 
means  for  fixedly  mounting  the  tool,  for  causing 
the  means  for  mounting  the  optical  component  to 
move  in  a  reciprocating  motion  in  a  line  parallel  to 
the  longitudinal  axis  of  rotation  of  the  tool  for 
causing  the  reciprocating  motion  of  the  optical 
component  along  a  selected  length  of  the  surface 
of  the  barrel  tool. 

5.  The  apparatus  of  claim  4,  wherein  the  tapered, 
barrel-shaped  tool  has  a  helical  groove  in  the 
surface  thereof. 

6.  The  apparatus  of  claim  4,  wherein  the  means  for 
fixedly  mounting  the  tool  comprises: 

a  base  for  mounting  one  end  of  the  tool; 
a  pedestal  on  the  base;  and 
an  idler  fixedly  mounted  on  the  pedestal 

for  mounting  another  end  of  the  tool. 

7.  The  apparatus  of  claim  4,  wherein  the  means  for 
fixedly  mounting  the  optical  component  with  re- 
spect  to  the  tool  comprises: 

a  base; 
a  pedestal  on  the  base; 

a  support  fixture  for  slidable  engagement 
with  the  pedestal;  and 

a  frame  for  mating  engagement  with  the 
support  fixture  for  mounting  the  optical  compo- 

5  nent. 

8.  The  apparatus  of  claim  7,  further  comprising 
means  for  holding  the  optical  component  in  a  se- 
lected  position  within  the  frame. 

10 
9.  The  apparatus  of  claim  4,  wherein  the  tapered, 

barrel-shaped  tool  has  air  passages  therein  and 
wherein  the  apparatus  further  comprises  an  air 
delivery  system  for  forcing  air  between  the  grind- 

15  ing  surface  of  the  tool  and  the  surface  of  the  opt- 
ical  component  for  separating  the  optical  compo- 
nent  from  the  tool. 

10.  The  apparatus  of  claim  4,  further  comprising  a 
20  stroke  control  device  for  controlling  a  stroking 

movement  of  the  means  for  mounting  the  optical 
component  with  respect  to  the  tool  for  the  pur- 
pose  of  moving  the  means  for  mounting  the  opt- 
ical  component  in  the  reciprocating  motion  in  the 

25  line  parallel  to  the  longitudinal  axis  of  rotation  of 
the  tool. 

11.  The  apparatus  of  claim  10,  wherein  the  stroke 
control  device  comprises: 

30  a  cam  attached  to  a  lead  screw,  wherein 
the  lead  screw  is  for  rotating  for  causing  the  cam 
to  bear  against  the  means  for  mounting  the  opti- 
cal  component  for  causing  the  reciprocating  mo- 
tion  thereof;  and 

35  a  spring,  attached  at  one  end  thereof  to 
the  means  for  fixedly  mounting  the  tool  and  at- 
tached  at  an  opposite  end  thereof  to  the  means 
for  mounting  the  optical  component  for  the  pur- 
pose  of  keeping  the  cam  in  contact  with  the 

40  means  for  mounting  the  optical  component. 

12.  The  apparatus  of  claim  4,  wherein  the  tool  is  a 
grinding  tool. 

45  13.  The  apparatus  of  claim  4,  wherein  the  tool  is  a 
polishing  tool. 

50 
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