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Ultraprecision machining of optico at Loc Alar.s
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Abetract

Ultraprecicion machine tools are unad at Los Alamots for tinqie poiat diamond turning of
opticc and other precicion parts. leasurements of a 50-mn-éian copper flat are used t>
illustrate the quality of a part which can be machined on the lloore tlo. 3 lathe, lleasure-
ments of a 0.4-n-dian aluminun rirror with a 20-n radiuc-of~curvature are presented aa an
cxample of a pert machined on the lloore MNo. 5 lathe. A varying frequency scine wave arating
is uned tc Bhow a type of special optical grating vhich can be produced uzing the Pncur.o
lathe,

Introduction
In cupportina various rescearch projects, the lechanical Mebrication Division of the Los
Alamos tational Laboratory has utilized itc ultroprecision rnachlne tools to diamernd turrn
aone specialized oj:tical conponents. Sonme characteristics of the machine tools at Loz

hlanoa are prenented In this paper aleng with measurencntn of an optical true part turnca on
cach of threc diffcrent rachine tools.

The use of peclalized rniachine tools and hiqh quality diarnond teol bhits teo naclhine rather
thar polish netal optics, a nwethal called single pcint dianone! turning, has devgloperd at
several diffcerent facilities {0 the past fev vearso. Several SPID Proceedingst?e
include paperes vhich present cony.onents, machinec, and jethords for machining spties. At Lo:
hlanos, we cnnucider rinale point dianond turning to be a cprcial clans 6f uvltraprecinion
rrachininn. 1In zgenerel, we define "ultranrecision®™ az nachinina netuodt nore nreclse than
nornal preeicion chinp practice, Curtently this neans woriing to cub=nlcroncter level:s in
contoir contrel vwith surfacer finiches on the order of 50=i: pecak=to=valley for boti. oticrl
an '’ norn~-uptieal netol parts,

The tiree nur erically controlled nachine: in eur ultrajrecision area are a Noare Yo, ]
ant! a loorc 'o, 5 lathe Cloore Snecinl monl Co,, Nriugenort, <), plus a Pneuno iin0=32°
1lete (Pn-ar o Precinion, Inc., Reeae, UL).  The Nenre M. 5 and the Pnednon latao hotl.
utilize the Nlevicett=Packard ladsier aaterferoncter o'cte;” tor ¢ one=riferoinel, reso=
lutinn foedhack,. Al nirchiner utitize Allen Rradley 7300 series one=nleroineh resolation
couputer nuierical control units(Allen=hracdley Conpany, Clevelatw., 01},

hz Loorc Lu. 3 Lathc

The ure of dianond toolu with apecial nichines for diamond turnina vork wvan benun at Ler
Alaroz in the early 1070'sz.,  llownver, the firnt rorn:lete ultrairecision nachine tool ot Lo
Alanas was built on a Uncre No, 3 weanuring naclidine hane 4in 1976, e now call this the
l‘oore llo. 3 lathe,

To convert the meazuring nachine into a lathe the vertical eealunn wau removed anda
replacea vith a riser block and larae alr bearing opiidle, A whotoaraph of thin rachine {4
shown in Piqure 1. The air=beacing spindle {6 the opherien) zone type wath 150=10 =radilac
journalo, The denjon fur thls type ortginated ot Qak ridae. 4

The drives for the plain bhearing type vays of this nachine are pernanent maonet noter:
aqeared to the lead screva, The pouition feedhack of one=nicroinch renolution in obtained bv
recolver: geated to the leadcorevs., The aris drives and feedlack syoten vere manulactured
Ly lioore fipecial Tool Comuany, but were inntallud and adanted to an Allen=-lradley control
unit by lLo: Alanot., This lathe alooe udet a lonre ultraprecine rotary table with a one=
riillienth of a revolution fecdback winten, muking it o machine with throe controlled anes.

The cloaed loop control coupled with the tioere lead ocrews makes this a very accurste
ponitioning nachines hovever, the friction of the plain bearina woys makes the onall stepe
nncennnry for accurate contour: difficult to achicve. Therefore, thic lathe 16 uned jri-
marily fot jobu roguirinn onl; pingle axis cutn=- puch ap flatu, cylinders, and opheriedl
pactr: vith omall enourh radi{ of curvature to nwing the tool by the rotary table. The lathe
pruducet oxcellent surfece finioh on such winqle axin cutn, ao illuatrated in Figure 2,
which in a curface finith trace of a 30-um=diam coppur flat, Surface finishes of about
30=nn pcak=to=valley arc routinely produced on thin nachine,



rigure 1. The Noore lo. 3 Lathe

Tot gemperatu:e stability we have also addedd an oil shower system, sirilar to LLML
desiga. The o0il shover has irproved our abilivy to produce flats with qood
overall shane or figure accuracy, an cxanple of which i shown in Figure 3. Thic
interferoqrai of the 50-mm~dian copuer flat shous & peak=to-valley flatness of less than

one~tenth wive st 632,8 nm, Thit flatnese iz routinely produced on apecial purpose netal
nirrers up to about 200 re; elncs.
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Pinure 2, Surface Finish %roce, 50-pu=dian Plat, leore Mo, 3

Fiqure 3. Interferogram, SO=-mp~dian Flat, Noore Ho. 3



The loore lo. £ Lathe

In Harch 1980 Noore delivered the Mo, 5 lathe built to Loo Alanoo specifications. This
lathe has 30-inch travel on both axes and it can ewing a 60-inch-diam part. The spindle was
supplicd by Pneumo Precision and ia of the same basic type as that used on the llo, 3 lathe,

The control feedback ir from a Hewlett-Packard 5501 lacer system mounted at centerline
height to ecliminate sor . <he Abbe offset orrors. The lathe, before it was ingtalled in
ito ioolation bace, is .own in Flgure 4, The roller-way construction of this lathe makes
the small steps neceac..cy for contouring poggible,

Miaure 4. The hoore No, 5 Lathe
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Figurn 5, lioore tino, 5 lnolation Base

Lot Alanoo dacigned and huilt an iovolation hase with an intedaral eil collection pan,
which 1o ohown in Fiqure 5. Thio isolation bLase is supported an Lour pneunatic igolatorr
supplicd by Linetic Svotemu, Tnc. The lathe han a vertical natural frequency of about 125
i1z on thiu isolation sycttem, and neasurements with a high sensitivity oervo accoleroncter

lndlflto thio nycten does an excellent job of eliminating floor vibration influcnce on the
nachine.,

The placenrnt of the laser paths for this lathe 45 shoun in Flaure 6. The dual z=axis
laaerc provide a meano of correcting for z=axiu yaw errorc, Ve have not vet adeded the
poftware to make a continuouc corraction for differcncen between the two z-axis interfor-
onoter roadinqu, and we control with either one or the other, not both. lNowever, hv rcalding
the r=axic intorferoncter which iu not controlling, a mecasurencnt of the vaw effecl in
availabla, llocuurenentso indicatz the ¢ffect of not having both interferoneterec controllinag



is very esnmall. For exanple an angular back lash type error of 0.05 arc secondc ic
indicated, which can produce an error of approximately 250 nm in ponition when the direction
of approach to a point is reverced.

Infarforomster
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ricure 6. Laner Paths on the llvore Mo. 5 Lathe

‘le plan to eventually add either Alicn~Nradley Goftuwarc to control vith both z-axis
lacoers or ure an external microproceuvcor to acconplich a correction for yav anale. Uwsing
only one z=&txic pogsitioning system doec not produce siqnificont errorr on parta with orall
z=uxip notinn in only one dircction, ouch an large radiun~of-curvature mirrorc. Such ¢
rirror, a O,4=m=dian aluninun mirror with a 20 n radius=-of=-curvature, wazs machined on the
lloore o, 5. An interferoqran shoving the overall contour of thin mirror iu presented in
Figure 7. #eak=to-vailey variation fron a truc uphere is about one wave at 632.08 nn.
furface finioh, illuptrated in Fiqure 8, in ubout B0 nw peak-to-valley.

The accuracy of ginilar mirrors ir the futurc can be inproved with thu Letter temperature
contiel of o conplete oil shower cyrtem which we are in the proceso of adding to the lathu,
Alno, vonr inprovenent miqht result from a botter substiate and fixturing for thin type of
wrror, which will be {nvesotigated if we have a need for making large mirrorc.

\lorking around the laser tuben at centerline height on the loore No. 5 in inconvenient.
To inprove the machirniuto accecn to the work zone, a work Dlatform wac conntructed vhich
nurcounds the machine. Thic work platforn can be nuen {n the overall photonraph of the
nachine, Fiqure 0,



Figure 7. Interferogram, 20-m~rad mirror, Noorc No. 5
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Figure 9, tork Plutform, Moore Mo, 5 Lathe



Pneuno ULSG-325 lathe

The nevest ultraprecision machine tool at Los Alamos iR a Pneuno lathe with air-bezring
vay conotruction. The lathe with ito one-microinch rcsolution Allen-Dradley controller is
chovn in Figure 10, This tvo-axis iathe wae purchated prinarily for making small perts
requiring very preclise contouring. A cpecial grating, sketched in Figure 11, ig a type of
optica part which can utilize the advantages of this lathce with ite comnuter control and
small notion capability., The varying frequency sine wave data (approximately one-nicroneter
amplitude) wac gonerated on an external conputer and trannferred to the the lathe controller
by punched tzpe, The ourface generated by the Peruno lathe is conpared to theorctical
points in r'iqure 12, which in a profile trace of the completed copper part. As can been
ggenoin thio figura, peak-to-vclley contour accurecy ic on the order of onc tenth weve at

22.0 nn,

Figqure 10. The Pnecuno 1i6G=325 Lathe
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Figqure 12, Surface Trace of dinc Vave Grating, Pneuno Lathe

The lov friction wany conntructlion and one=nicroinch laner interferoneter focdlbiack allov
the Pnouno lathe to make onall precise motionn, and it han the cize copability of nalinag

motal mirroru up to about 350=nn diameter) howaver, we une it prinarily for verv nnall
ultrapracioien partn,

The lathe wao delivered to Lon Alanon an a conplete vorking ;.achine
in July 1900,



Conclusions

The three ultraprecision machine tools allow the Los Alamos shop to provide Lab
resoarchers with special machined optical conponents. The lloore llo. 3 lathe produces very
high quality surface finishec on single axis cut surfaces. The liocore lio. 5 allows
Btatc-of-the-art contouring and controlled rotary table cuts for components up to
approximetely 1.5-n diameter. The Pneumo .athe gives ultraprecise contouring capabllity to
our ninlature machining program., All three machines arc used for machining developnent
experiments in addition to making both optical and non-optical ultreprecision parts.
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