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Abstract

Both metal optics and cther high-precision parts are beiny fabricated at Lus alamn oy o o
state-of-the-art machine tools. This report summarizes this precision machiniv: and gy
turning work.

Introduction

Special precision machine tools have beuen used in the Mechanical fabrication Oiviaian
of the Los Alamos National Laboratory for a number of years to make vory precise cumpanent,
to support a large variety of researca programs. These components include both metal op
tics and other hardwarce requiring submicrometer precision. A report on some ot our soetal
optics fabrication work was presented at the 1981 SPIE Conference, "CLountediparar, Methode
of Optical Fubrication,"!

During the past two ycars, we have continued our ultraprecision sachiming proagea Gy,
both improving gur machine toaly and using methods originally develuped for aptaie . an 0.
nonoptical precision parts, IThis paper susimarizes the capability ot the theee Tteag oo
sion machine tools in our shop, Jdiscusses some of the machine tool developmont wory e g
involyed in, and ta illustrate the advantages of precision machiaing =ethad ., e et oty
verty recently tabricated uninsg these methods,
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During our development work related to uitraprecision machine tools we have used a vari-
ety of different tests, but we have leaned toward the more comprehensive tests, such as
cutting and evaluating a part. This type of testing has the advantage of including all pos-
sible sources orf error, but has some disadvantages in interpreting results. The comprehen-
sive test we use for long-term temperature stability is of this nature. It will tell us if
we have a problem, but other tests may have to be done to pinpoint or develop a solution.

This test is shown schematically in Fig. 1. The test involves cutting either a flat
(testing for stability in the Z-direction) or a cylinder (checking for stability in the X-
directior) over a long period of time in programmed steps. Then measuring the surface fin-
ish aof the part with a profile instrument. Tnis test is in contrast to mounting an indica-
tor on the machine and recording the output over a period of time. The concerns using the
indicator method are that electronic drift in the indicator may be present, changes due to
spindie growth may not be included, changes in the tool holder or tool post may be differ-
ent depending cn where the indicator is mounted, and some of the thermal drift may be due
to the indicator or its mounting.

Actually cutting to provide a record includes all the variahles, but does not provide a
continuous record as an analog strip chart and an indicator would provide. A series of
tests with different time steps has to be done to avoid missing sume higher frequency
changes. The test can be done without any special equipment such as noncontact indicators,
amplifiers, and strip chart recorders; however, it does require a means of taking a sur-
face finish trace of a completed part.

An example of the surface finish trace from a cut on our Pneumo lathe is shown in rig. 2,
and the plot of the error versus time is shown in Fig. 3. These results are more an indi-
cation of the environment where we operate the machine, rather than a judument of the ma-
chine tool.

Machining a Gold Knife-Edge

An accelerator project at Los Alamos required a special slit to collimate a particle
beam.  Such a s1it {s fabricated from two sharp knife-edges preciscly spaced apart to pro-
vide the required opening. The aoperation of such a slit arrangement is shown schematically
in fig. 4. A series of knife-cedges were produced by diamond turning yold-plated cojper
picces, as shown in Fig. 5. The knite-edge was produced by the Interscction of (he two
flat diwmon'-turned surfaces. The surfaces were diamond turned using a fly-cutter 1n gur
Moore No. 3 lathe, and holding the parts in a spoacial fixture to allow one surf:ce to be
machined and then rotated for the proper angle to cut the second surface. The quality of
the knife-cedge produced can be se:n in Fig. 6, a 400x SEM picture of the intersection of
the twu machined surfaces. The fabrication of sharp cdges in a soft materfal Vike goid iy
very difficult by lapping, but an edge shirpness of about une micrometer can be produced
by ultraprecision machining methods.

Sine-Wave Mandrel

Laner tusion renearch projects involve efforts to compress a very small spherical ves.
sel fiiled with fuel to high enough pressures to produce fusion ancryy, A series of ga-
periments in the laser fuston rescarch program at Los Alamos used cylinders to study the
eftecty of surface frregularities. These special ¢yl ndrical targets are produced by mak-
g a mandrel, " plating the required cylinder material on top of the mandrel, and then din-
solving the mandrel out and leaving a hollow cylindrical target. To produce & speoial wur -
face on the inside of this hollow cylinder 1t 15 necessary Lo machine the desivod foature,
an the outnide surface of the mandrel. An cxample of such a mandrel i+ shown in big, 2,

A number of these sma!l sine-wave mandrels were successtully machined o aluminum using
v Pacumo lathe, Figure 8ty a 5LM photo of one of these mandrels. A profile trace of
one of these mandrels is shawn in g, 9. The precise control and computer-hased contvol
wystem ot an ultvaprecistfon Tathe make the fabricatton of these mandrels a wtratghttorward
1ol

Cone lun ton

Machines ustuyg abe beariag spindles and very precise shide motions have many applica
trana, both dn metal optics amd other companents,  tall computer control capability allows
W e o vartetly of parts to be made, An active program fo ultraprecinton machining an
volyes measurementy and analysts to understand the Timttations of the machine tools, suon
A the lang-tevm stabitity test descrtbed tn Lhity veport,  The machining of a vartety of
Aatterent matertals amd shapes, an ol lusteated by the knytoaedge part amd the wine wave
mandr el add to an dmportant experience basve for ftature applicatfon of precliyron machining
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Summary of Los Alamos Ultraprecision Machine Tools

Machine Type
Diameter Swing

X-Axis Travel
L-Axis Travel

Spindle Type

Slide Way Type

Feed Back System

Feed Back Resolution
Controller

Rotary Table

Moore No. 3

N

0.6 m

460 mm

300 mm
Air-Bearing

150 mm radius
graphite spherical
Plain Dearing

Resolvers un
lead screws

1 Microinch
J-Axis CNC

1x1076 counts/rev

Moore No. 5§

1.5 m
760 mm
760 mm
Air-Bearing
150 mm radius
graphite spherical
Roller Bearing

H-P Laser
interferometer

1 Mic¢roinch
3-Axis CNC

1x10° " counts/rev

"Ultraprecision Machining of
California,

5, Technology of Machine Tools,

Pneumo MSG-325

"

0.3t m

300 mm

200 mm
Alr-Bedar ng
150 mm radius
cartridge

Air-Bearing

H-P Laser
interferometer

1 Microinch

?-Axis CNC
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Figure 1. Schematic of long-term stability test
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Figure 2.

Example of test results, surface finish trace
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Figure 3. Plot of results, long-term stability test




GO.D KNIFE EDGES FOR COLLIMATING SLITS
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Figure 4. Example of collimating slits



