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Optical toollng for Antares*

U. Bauke,** A. C. S’wman, N. O’Kay
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Mail Stop 53?, Los ii)tmos, NM 3?545

Aostract

Tte Antares laser system is a large (40 kJl CO? Dulse laser system. High energy
pUIS/S are transmitte(f between buildings over path lenqths exceed ~.ng !?@ m. ~he optical
elements are contained witnln large stee: assemblies (Dower am~lifiers, turning chamoers,
and targ?t chnmberl which must be positioned with tolerances of 0.75 mm. The $ut)assem-
bl+es of optical components must be propositioned to a orec)sion of 0.?5 mm. This prec\-
SfOn can easily he nbtained by ~irSt order surveying techniques ?Ynd instrumentation.

Althouql? thit accura-y is rout inelv achieved in neodetlc nPtwork controls and hioh-
prccisien enqlneering pr:jects, the Antares optical tooling ~r~chnlques had to b@ ta!]ored

to the qeOm@t~V of the \yStem, The basic theoretical oo~ical tra!n centerlines were estah-
llsherl thlnuq’ out the faci!ity. Th@se theoretical referenr(~$ had to be transferred onto
solid reference surfaces. Often around manv phvslcal ob$taclt?s. This ~arj~r clescrlDes the
uSe Of a Combindt+on Of trad{tlona} survevinq techlt!slles aod modern op?ic~l tool’ng mPth-
ods throuanout the int-aratlon of bulldfno reference olanes ?Pfl the nrectlon of ma:9r

steel ass?mnlles. ‘he deslon and measufed .sssemblv !nl@riinCP\ are compared,

lntroductio~—-. —.
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Whtle the architects preoare their drawinq$ in fracttons of inch~s, the enqineers and
surveyors work in ctecimals of feet. Yec$anicdl designers sDecify decimals of an inch; our
master instrument, a “Wild T-2” theodolite with dn optical micrometer measure: in decimals
of mm, and the American jig transits and levels have optical micromptc-s in decimals of
inches. The level rods are calibrated in decimals of feet and scales in decimals of in-
ches. Physicists use the metric system. For the purpose of uniformity, in this paper all
dimensiotls will be reported in metric units.

The optical reference grid

Antares is designed around d global coordinate system which originates .St the tdraet.
The main ortpntation is north-south, with +Y directed northward, +X directed to the ?ast,
and +Z directed vertically “up”. The ali~nment scheme consisted of defining the ootical
beam lines as they progressed backward from the tdrget toward the initial pulse-orlqina-
tion point !the front end room) and establishing permanent t.droet “cff-axis” reference
lines at various critical locations. i3uildinq$, mechanical systevs, and optical asseff-
blies were positioned relative to the master grid (Fiq. ?).

There is limited physical and optical access to stsme of these reference lines, There
is no porthole connection between buildinus dlono tne V n.is, at x - 0, which made it im-
possible to establish a direct center line. ~ajor wal’s separdte thr power amalifler and
tarqet facilltles, ?he mastQF qrt~ level above the floor chanQ@$ f~;m about 5,5 n. at the
target location to 1.75 m at the furnina chambers and 3.? m in the ldser hall.

As previously mentionpd, tbe optical elements are como~etelv enclosPd within d vacuuIh
~vktem% from the powe,- ampl?~isr to the taroet, Thi=refore II dud; set of references IS
realJlr(!ft: an external set used to locate buildinqs and steel V-SSSIS, and an lnterna ’ ~?t
w{thln Tha Steel $h~lls to ~et the OotiCS. ‘he spt of Pxternd] rPfe*OnCe target! JSt?fl f?r
the Inlti*i a!iqnment wa$ ~r~nsDo~Po into the ste@l $h@ll$ as thev were b@inq dssf$mn~ee.

The maste~ qrid is contrnlleci bv Drimary bench marks. which identify the la*itufiindI
orienta:lon anti the refer~nce elevat~on of ??07 ,513 m (724?.5 fe?!) above sea !ev~l.
These 5encn rrarks were set bv the survey crt?w of Los Alam,~$.

AS $onn a$ the huildinq< were connecti=d bv the beam !,JheS. the •~rf.anqle was refine~
bv uslnQ !ICI tranSi!$ and AutOCOllimdtlOn !fi<trument$. !,)00 c~f)sti,~ was within 0,5 mr
which results in a closure Fate of approxitnat~;y 3 in 10~ and aoDfifs*ch~’s thd 3ccLf14cv
r~ou’ved fcr SuDe”lOr order aeode?ic
to hn !onp at niqht,

C(lnt*ol survev$, which “s 1 ~n 106, ?h@ Wl?rk had
tO aVfI{d lar~? SCdlP dlr tlJrhUIPllpP d~d therma!lv indu~r(l dlt!(ortlon

within the ~$tlll @XPOS@O) beam tllh?s, The tui!es Are now Covpred wish earth which w)l!
elimfndte anv ttserma! distortion prohlemt In the future.

Tho~ah th? control qrid was initially set with the hiohest orecl< ion, IT WhS ‘iffl cult

to maint,i~ this orec is inn. ‘iumerous, small, strpss c~a~ks dev@!@oPd in th? fre:,hlv DnurI?Fi

coflcr’PtP. Into which the tarqet$ ar? s?t, Sev?ral cracks ?ace.:d#rt l.~ mm !~ wid?I, P@-
oedt?d cnr~?ct tons wi?rI? necp!ssry to the main control fsnint$ on th’ b,fe 1!,,,$. ~ptg~t~~
shifts nf 1 to 1.5 mm in lateral directions nv~r th? @nttre complei tre common,

After thp r.fpren~p qrjd wds dpfinpd thrfli,ah the tarq@t tI,Ji/{)inQ and !d$pr hall, thp

b?am tubes were positioned. Thpse tubps form th~ v.!cuurn $h*ll to @nclosi? th? ,optlcai

bmam$. Flqur@ 3 $$OWS an optical tarqmt h~l?q canter~l in bedm tube f~snae No. 5, and *
“Brunson” level And jig transit SQtup to control mov~ment of the renter tflrqet, Thl$
potnt waS not crit{cdlly tolertsnced. HOWPVP”, \t \$ the mhln mechanical interfdc@ tIetwPPn

the vicuup system and the u9wCF .dmplifier. The f!anqe c~nters were used to define th~
“prfmd~y centpr lines”, ?he$e are thp center Iin@$ tf) which the pnwer tSmPllfier$ wer? $et.

The cantrol arid was transterrf!d from the laS@r hall! into the bdsmment to the ~~OnL
end PrJn~, 5V $@ttina a 6 m oDticdl ?eolinq b!lr across thp pit opening to the has?mdnt .Jn~i
uflna d “kind T-7” th~odolit~ wl:h rlqht-.sngle prism (Fig, 4), Thp prism swogt the V?r.
tical planq throuqh the prim~ry c~ot,er \in@, Which was plck~d up in the bnttom of thp pit
with d “Erunson” jlq tr&ntit (Fig, Si and transferred to tho front end room,

North of the tarQet, ok In th@ ~V direction, two instrumentation stat !nnt dlono !
vdcuum tubp wprp connect,pd to th~ tfircjpt vdcuurn \y#tent, wtth a clo!ply control l~rt dl~ect
vipw of thp t)rcj~t (Fig, ?), The tube IS inclined dnwnwardi toward two subt~r~tne~n in-
strumentation $tistlon bunkers, Using the incl~n~d slope techniau~, the vacuum lteel tube



was pre-set with the ‘Wild N 3“ level. A Keuffel and Esser (K and ~) toolinq las~. wa;
)~s@d to correct the tube center line pointing at a surrogate target at !, Y, Z . 0, and
the tube flanoes were positioned by retro-reflection from a mirror which was atttSChed to
the tube flanges. At a later date the controlled Oosftiontng of the mounting flange to
the tarqet chamber was performed using the same technique.

OPtlCal tnolin~ discussion

A biisic oDtical tooling set-up, or “tOOl ina dock”, consists of the jlq transits
mounted in rigidly controlled relationship to ●ach other and complemented bv a level. to
Sweeo three planes of d spatial grid. The standard dock employs horizontal tooling sars
locked to each other accurately at 90” wi,h control scoDes, plus a vertical bar, SuctI a
~et-uD can be used to measure linear dimensions to accuracies of 0.025 mm. The bar: come
in lengths of 3 tr 6 m ani! can be joined to extend their ranQe.

A small dock was uczd to survey the accuracy of the “space franc” morsel !F~a. 61. The
space frame iS designea to hold the target insertion me.chani$m an,l associated opt! , for
beam acquisition and focusing. The model was made to ]/5 scale. The actual frame wili

be in excess of 4 x 6 x 6 m, constructed from Stainless st@el box beams with :2 mi~-ro”
arrav I)lanes set ~t different angles to ficceDt 144 mirror dssemhlies. The intent uAS ‘a

verify the scale modpl orto~ to the frame manufacture. III the dock, the center pofit:oo
X, Y. and Z of each array plane was measured. An opttcal tooling laser (K and ~} wal ‘he”
arldcd and is visible in ‘:he rear center Of th~ PiCtUr@, Rv polntlnq this to -of’ect.~~$
attached to the mirror array Dldn@S (Fiq, ‘) the arrav centers could he traced t~ro,la’}
fo!dinq and focusinq planes to a surrogate tlrqt?t.

A conci?otu~l $k@tch of the power amci!ifiPr ass?mbly (Fiq. 8! show< a basic dot? ‘,5 ~
niqn ~nri more than I!l m Ionq, Bpcause of the clearance required for hanrtllnq PILI’C~I?Ot
and Der%onnel acc?ss, the spsce reaulrelnent far the dock qr?w to about ?~ m In ‘PcstI,

The use of a p~fstform !{ft On thp s!(te of the powqr a.nplif l@@ precluded th~ ,Jse of ‘co-
ntinuous tooling bars, Therefor@, th@ lonottududl dlmension$ in the b~~m linr dlrq~tlcn
were spt on the floor, and inrllvifiually mOIJntPd jig tran$ft$ wero u~pd to ‘!nfl the “OCr
tarqpts, and aptic.s lV lock them toty~th~r,



The back reflector shell is shown on its back, with an optical tooling bar supported

across the mounting flanqe (Fig. 13). A special fixture was desiqned which permitted
precise control of an alignment scope in the vertical position dnd this was then offset
by 1 min 44 s through autotellimation frOm an inclined reference base. In conjunction
with a chafn o? Surroqate reference targets, the optical components were “pre-set to be
suffi- ciently close to their d!!siqn position so that one beam sector Fould project
throuc!h the power amplifier. All of the 13 optics! elements were aligned well within tne
specified tolerances on the initial assembly of the power amp; ifier.

Conclusion

The Antares laser s.vstem presents extremely challenaincj alignment and assemuly proD-
lemso By Providing a precise referenre datum and good initial slionment cf m~chanlcal
components, the assembly and mechanical alignment of two power amplifiers and one com-
plete sector optical train within one power amplifler is easily achieved,

The main task tor the future is to refine the ootical alignment CJrOCCdUrPS *O perw;!

simultaneous installation of all 12 beam sectors, and to work out a Satisfactory oroc*-
dure for alignment of the tarqet facility,
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