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Ultraprccision machininq of Opticn at LOG hlm.~

R. L. Rhorcr? A. L. Gaulcr, E. 11. Colston, and J. R. Ruhc

Hcchanical Fabrication DiviEion~ Los Almo!r Hational Laboratory
nail Stop 474, Los Alamofi New Hc::ico E7545

Ultraprccicion raachinc tools arc urmd at Los Alamoc for Ginqlc point diamond turninq of
opticc and other prccjcion parta. Mccsurcrncntc of a 50-m-Zian copper flat are used t>
illustrate the quality of a part which cnn be machined on tho Iloorc HO. 3 lkthe. Hcasure-
menta of a 0.4-m-diam aluminun mirror with a 20-n radiurz-of-curvature arc presented aa an
example of a pert machined on the Hooro Ho. 5 lathe. A varying frequency tine wave arztinq
in uned t~ chow a type of SPCCial optical grating which can he produced using the Pncu:!o
lathe,

In Gupportinq various rccearch projcctc~ the I:echanical rc.ljrication Divi5ion of the Log
Marnoc !:ational Laboratory has utilized its ultraprcci=ion machine taols to diamond turr.
an:.lc~ specialized O;;tiC~l conponcnts. SOHC characteristics of t!)c mchinc tools at Los
;,la:.los r.rc prCF. G~t Cd in Chi:l lJC.pCr alGnq with Mcazurcr.lcntc 0[ an Outichl tync p~rt t’ur:, c: on
each of three rJiffcrcnt Fachlnc toolri.

The une of cllccitilizrd rxtchinr tonlfi and hiqh qlmlity cllar~onti tool bit:;to fiac!”in- r~t!lor
tllaRPO1lSII r.m’tnl rJptic%~ iI :.!uthml ciIllcd Sin(;lc l.Cint r.!ia::f)!l’!tur:linq? haG ti ‘J lrr:xw: at
:;cvcrcl different tacilitie~ i.l tt:c pit:;t fcw ycfarc.

ffi.
.Scvcral !:PI:: Procecr;~nr~r, ~“”

include iKJ;J@r~vhich prcmnt co:lponentsr nnchincz~ anil :tnthnfin for nachining lpticc. Pot Lo:
Alanoc, wc cm::ider rinf!lc point din!lund turninq to bc a Lpr:clal c1,1:;3 fif ~ltr~prcci?~irrn
r:cchininc. In qc:,cral, wu define ‘ultrc.:lrccl::lnn” a: :liICllil)4~flr:r:t;lwll:mre prccim t!;~tl
:Iorrwl I.rccigiun zlIop pract.lce. Currently tl:i:: I:rm;l:: wnrkirv; t(j :JUIJ%\lcrCIrlC~tCK lCVCIT in
r!,n~f.llr control w~tl, fiurf~cr l“ini::l:r:inn the orr!dr nr %0-:1:~ llCit~-tlJ-’/tIl]C>” fCr klOki. 01:L1C7]

3

cl:!

Ttw urc n! lllnfiolli! tOOl r,Wlt!i .IIICCISI hf.Ctlillrfifilr diarmvl turning wor~. w:!:. beqlll: ilt llr::o
?Jafim in tllc curly IVfl’ti. Ilcv,lmvur, thf: firiit ~o:,l:l~,tr, ultr2:,rf*ci:; 101) rlac!~ine tool bL 1,11:,
AlarIo::w~!: l~llllt OH a Ikmro !YJ. 3 :.lcilfiur~nfl ‘li,~!,lflr. lIariI in 197(I. IIC nmw call thi:: thr
l:ooro :10, 3 lathr.

To convert the I.w.mauri!yf rh%chirw into n lntlw tlw Wrticnl cnlunn WIL rcwovcd nnd
re;>laccr: Witll; a ri:jcr lIlrrck anti Iarrro crlr Imhrinq opi:;dlf:. A Mntoqraldi (If th~[l ~,ilC!liilf 1:;
drown in riqurc 1. The .l~r-l]~~tinq U;ll?lill(’ ~li tllf! 51)hf?;~C:i]4Zcnr! tyi~ \#Ath 150-ld-Kii:ilJC
jnurnaln. I’llr dcl:ien fur tiliu t“fpc Llrlllllli,tU(lct. OiIliRldqc.

‘?hc drivPs fnr thr,plain hmrim typr way!; n: t]llormchine arr pcrnuncnt maunct noturl.
qonrcd tn the lewl ncrrwn. The po~;itinn [eedhack of nw-nlcroinch rcmlution in obtainel? b’:
rocnlvor:. qna;cd to the ln~dcerm:u. The axln drlvcs ahd frrdkck ayntc:,l wcro mnurficturell
II;’ I:oorc !ilwcinl TorJl CoFIJany~ but Were inntallud and odaphl to fin Allcll-~rdlcy COntrOl
uniL by f-o:: Alanou. Ttila lathe alacJ UWI; a Hoorc ultrqtrcciur rotnry talilc with a OnO-
r:lllionth OC a revolution fecdhnck cynten~ mukinq it n mtwhinc with three controlled a:es.

The cloacd loop control couplud with tlm Uourc led ucrewu miIkari thin a very accur:t~
pooitlonlnq :lact!incs howrwro tlm friction OC the plain bearinn woyu makori the rmall utqw
nqccnnrnry for accurate cnntrwr~ rlifflcult to achicvu. ThCrFfOrOc this latlIC ~G Und }irl-
r,mrily foI job:] requlrinrl onl,’ oinqlo a%ia cutn-- auch CD flatu, cylindcrG, and GIJhCr~Ch]
partt: with nmilll nnouqh radii of curvnturc to rwinq the tool by the rotary table. Tlic lfithe
pruduce~ cxccllcnt uurt~cc flnloli on such ninqlc cxirr tutu, au llluatraked in Fiqurc 2,
which in a curfacr! finif,h trace of a 50-IJrI-dlaKI c!ol}pur flat. SurCacc Ciniahcn of UI)OUL
30-nr7 pllak-to-vullcy are routinely produced on thin rmchlno,



riyurs 3. TM Home 110. 3 Lathe

.—

l’iwrc 2, Surfacu Finizdl 2’r;,ce, SO-tm!-dian rlatl !Inoro !)i~.3

FiqutQ 3. Int@rfWoqram~ SO-mrAiat.l Flat, Howe W, 3
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In Harch 1980 Hoore delivered the No. 5 lathe built to LOII Alar.lan specification. ThiG
lathe has 30-inch travel on both axes and it can Ewing a 60-inch-diam part. Tho spindle was
supplied by pncumo Prcciaion and ia of the e.vac basic type ao that used on the Ho, 3 lathe.

The control feedback In frml a tlewlctt-Packard 5501 lacer nystem mounted at centerline
height to climinntc ser. .he Abbe offset errors. The lathe, before it was inutallcJ in
ito ioolation bacc, 15 own in Figure 4. The roller-way construction of this lathe makes
the small atopa necca~-~y for contouring po=iblc.

Pir!urc 4, The I;oorc ?10. 5

Lou hlamon clafiiqnmd and built an

Lathe

Figure 5. Ilooro 111},5 Ifiolation Bare

iuolatirm ha:;r with an intoflr.al oil collection pafl,
which io nhum in riqurc 5, ThiLI inolatlon baw ic GUIJl)OrtLd rm tour pneumatic iaolatorr
aup])licd by Kinetic Syutcmul Inc. The Iathc hall a vwrtical natural fraqucncy OK alxmt 125
112 on thiu Aaolation ayctcmr and noaauromcntu with a hlqh ucnoitivlty ocrvo accolcromcter
Antilcata this rr:ctch doo% an excollcnt job or olininntinq floor vibration influcncu on thu
Ilacllille.

Tho plnccl.lvnt of tlm latier pfltll:: for tllln lathrr iu ohown in Flwrc G. Tllr dual z-axi:;
lancr~ provide a mfann 0[ cnrrcctinu for z-axiu yaw orrorc, \/r have not vet a(!dd th(
noftwaro to make a continuous corroctlon for difforcnccn bctwcun the two waklii intcr[cr-
omatrr roodinqn~ and wo control with oithar ono or the othero frnt bnLh, Ilowrvor, hv rcallillij
the fi-axlfi lntorfarolmtcr which ill not COntrOlllnq~ a RCtMUrCn(:nt of the “;aw @CfccL in
avallabloo Hoauurenontn indicata the uffcct of not hminq both illt~rfnromctrrc eontrollino



is very small. For example en an@ar back laah typo error of 0.05 arc BeCOndC ic
indicated, which can produce an ●rror of ap?roxinately 250 run in ponition when the direction
of ap~rrmch to a point ia reverGed.

\ /

:IC plah to evcnLuoliy add either Alien-l~radl(y cmftwarc to control with Imth z-axlf;
Iamrti or urc tin external microllroccbGor to accorl],liGh n cnrrcction for yaw anqlc. Uuing
oIIJy one z-GxIE ponitlonirq Byuton docc not protluce oiqnlCicant crrurc on parLa with mall
z-uxin nntinn in only one dircctionl ouch an Inrw ralliun-n[-curvilturr ~~rrorc. Such C
nirrur, a 0,4-m-Jian alu~”linun mirror with a 211 11 radiuo-oF-curvaLurec wiIu machined on the
Hc)ore I:o. 5. An interfcroqram nhrm;lnq tll~overall contour of thin nirror iu precentccl in
Fiqurc 7. ile~k-to-vail(iy ~arintinn frorl rI true uph~rc iS abOUt OnC WJVC at 632*O n~l~
?Wrfacc finlnh, ill:lotratorl in Piguro Ill in ubout 00 nhl prmk-tn-vmllcy,

TIIG accuracy of oinilar mirrors in th@ tuturc can be inlmovcd with thu Lr?+er tenpcraturc
cuntrol of a complctc oil nhowr cyr:tcm which wc arc in the proceoo OC adding to thr latlm:,
hlnO# U(IW h,ll)rOV@rlCnk MiClht KC%Ult frOR 4 bOttCK OUbUtl~tC and fiXtUrinlJ for thin tylJ@ Of
II. rrnr, which will bc invcntlgated if wc have a need [or mnkinq large mirrorc.

Ilnrkinq around th~ lnocr tubcn at ccntcrlino hriqht on the tlnr)rc Ilo. 5 in inconvenient.
To inprovu the nnchir!intn accccn to the work zone, a work ;Uatfurm wac conntructod which
nurrounda the machine. TtIIG work platforn can lrc nuon in the ovorall pl}otograldl of the
machine~ Fiqurc ~,



Figure 7. Intcrferogram, 20-n-rad mirror, Moore !Jo. 5
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Fiqurc C. Surfticc rininh Trace, 20-11-rciLl r~irror, IIoore !!o. 5

Figuro 9. Hock Plutform, Moore Ho, 5 I,uthc
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The newcct ultraprecision rmchinc tool at Los Alano~ in a Pncumo lathe with air+ecring
way construction. The lathe with ito onc-microinch rcfmlution Allen-Cratiley controller is
chown in Figure 10. ~in two-axla lathe was purchnrdl primarily for making small part~
requiring vocy precise contouring. A special grating, akctchcrl in Figure 11, 10 a type of
opticn part which cnn utilize tho advantage of thin lathe with itc cernputer control and
nmall notion capability. l%e varying frequency sine wave data (Upproxtnatoly One-micrometer
nmplltudc) wau qctnorntod on an external co:.lputer ant ? tranofcrred to the the lathe controller
by punched tape. The nurface generated by the Pccuno lathe is compared to theoretical
points in I’igurc 12, which in a profile trace of the conpletcd copper part. As can been
acen in thin figuro~ ponk-to-vclley contour accur.scy ifi on the ordor of onc tenth wave at
622.0 nm.

I

Figuro 10. The Pnc!uw 1:0(+325 Lathe
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~c three ultraprccision machine tools allOW the LofI AlmIoG shop to provide Lab
recioarchors with special miachined optical con~onents. The Iloore 11o. 3 lathe produces very
high quality surface finiahec on einglc axis cut eurfacofi. The Hoore Ho. 5 allowG
atatc-of-the-art contouring nnd controlled rotary table cuts for components up to
approximctcly 1.5-m dinmet@r. ~e Pneumo Lathe gives ultraprecise contouring capability to
our miniature machining program. All three machinec arc used for machlnlnq devclopmont
experiments in addition to making both optical and non-optical ultrcFrccision parts.

In addition to the many Commcrical Conpaniea mentioned in the paper, the authore
acknowledge cfforta by Alfred Zcrwas and David :iurphy iII tho first diwaonti turning work at
Loci Almo13. Several machinist; incl’ ding lXich ~aungrirtncr~Jancc Snylcr, Fidel l!ae~tas~
George Zakar, and Oovaldo Zothncr have contributed by opcratlng the lathes and developing
special techniqucu. tlotrology technician Ton Novak has contributed with nany opticnl and
standard ncasurcmntc of parts. Senior ilcrilgncr Rob@rt Ancley hac supported the project
with several special component denignn, and Albert Elli5’s enqinccring support !:ari valucblc.
Hany othor machiriistG, to nuncroun to aarae, have supported tho progra~ with the fahricctirm
of variouc components.

The authors also ackr,owlcdgo the support of many Optici,l scientists, engjncorn, and
technicians at the Lab who clcGign and request many of tho optical componcntz wc nakc. Their
knowlcdgo, evaluation, znd conctructivc critir!in:.1 lIdvc nidml our progress.
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