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Anstract

The Antares laser system is a large (40 &J) (CO; pulse laser system. High energy
puls2s are transmitted between buildings over path lengths exceeding 90 m, The optica!
elements are contained within large stee'! assemblies [power amplifiers, turning champers,
and target chamber) which must be positioned with tolerances of 0.75 mm, The suybassem-
blies of optical componentis musy be prepositioned to a precision of 0.25 mm, This prect-
ston can easily he nbtained by first order surveying technigues 4nd instrumentation.

Although this accura-y is routinely achieved in necdetic network controls and high-
precisian engineering pr.jects, the Antares optical tooling techniques had tn be ta:lored
to the qeometry of the System, The basic theoretical optical! train centerlines were estab-
lighed thinug out the facility, These theoretical references nhad to be transferred onto
s011d reference surfaces, often around many phvsical obstaclies. This papar describes %he
use of a comdination 0t traditional surveving techuigues ard mndern aptical! tool!ing meth-.
0ds througnhout the inteagration of building reference planec argd the arection nf ma'ar
stee! assemnlies, The Aesign and measured assemdbl!v tonlerances are compared,

Intenduction

fhe ma'n hLeam paths of the Antares lacer are comprices ~¢ large 1 ameter, lang gath
anqth ontica' networks with many components, which cculd present numarcus a'ignment prob-
lems: both in the ini11a' component asserbly anc¢ subsystem construrtron, 25 well as 1n tne
final system alignment ver)fication,

The optica! elements are contained in the fin'ti1al pulse generating a-e3 'front ang
room), power ampli¢ier  and target chamber, 6 and are separated bty path 'enatns up to 30 m,
They are iccated 'n separate huyrldinae which are connected bv tuune's or tupes ‘Fig, 1),
The optira! Dulses are amplified within a precsuri2ed poaer ampirfrar snell  and *hen pra.
sectey S5 m through 3 vacuum system %o ihe tarqget. As mos® ~ptical alements are enclosen
in steel cnamders, 1t 185 difficyul® tc nbtain dirrct accrgs far 3'rinmant purpnrses, There
‘ore, it was rconsiderec important to rlgsely corre'ate the stee! s3nel! agcsempiy 0 tne
system optica’ center dinet fram the initral ronstruction af the facility througn the
assembly nf tne proiert,

The pnvsica’l size ard complexity of the optical assembhlies requires Syhsvgtem yssembly

fn remote areas ‘0ptical assembly shops), A typical subsystem 1§ She “<n_aut" "1/0) gnt s
shell into which will he assemblied 24 mirror mounts with 1,000 en? copper Mircnars
weighting in excees nf AN Lq meach, plus a numbur 0f smaller slaments, 411 the aelemantg

have to bhe altaned to the suhsvystlem datum iines within O, 8 mm, This made % necessary to
set suirtahle refermnces which conneet the separated components and accurite'y correlate
these tn the optical grid defining tne beam paths.

It wat tharefare decidert to rely on jptical! teo'irg tachnigues far prsitiona’ contrnl
and mpasurements and a55ian the regponsibility for optica'! 'ntegr-atrun to a4 team attached
to the optical eng'neering qrnup,

In this mannar, all aspects of aliqament  from fnttial bHutlding constryction *hrauah
stnp! frame ggsemhly to heam line trimming, were contrnanlled by the svetem managur who 5
fn charge af deliyvering the final product, {,e., the 'nitialiy aligned nptica) beam lines
from the tront end to the target,

At the marly ctage of the facility construction a problum was encaountered with the
coordination between the measyrement ynits used by physicists, architects, annineers,
designere, and surveyting instryuments,
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While the architects prepare their drawings in fractions of inches, the engineers and
surveyors work in decimals of feet., Mechanical designers specify decimals of an inch; our
master instrument, a “Wild T-2" theodolite with an optical micrometer measuras in decimals
of mm, and the American jig transits and levels have optical micromete~s in decimals of
inches. The level rods are calibrated in decimals of feet and sca’es in decimals of in-
ches. Physicists use the metric system. For the purpose of uniformity, in this paper a)l
dimensions will be reported in metric units.

The optical reference grid

Antares is designed around a globhal coordinate system which originates at the tarqget.
The mzin orientation is north.south, with +Y directed northward, *X directed to the =ast,
and +7 directed vertically “up". The alignment scheme consisted of defining the ootical
be»m lines as they progressed bhackward from the tarqget toward the initial pulse-origina-
tion point [(the front end room) and establishing permanent target "cff-axis™ reference
lines at various critical locations, Buildings, mechanical systems, and optical assem-
blies were positioned relative to the master grid (Fig. 2).

There §s linited physical and optical access to some of these reference lines, There
is no porthole connection tetween buildinus alono tne Y a.is, at X « 0, which made it im-
possible to estabifsh & direct center line. Majour wal's separate the power amplifier and
tarqet factlities, The master qrid level above the floor chanqes fr:oum ahout 5,5 m at the
target location to 1.75 m at the turning chambers and 3.2 m in the laser nall,

As previously mentioned, the aptical elements are completely enclosed within a vacuum
system, from the power amplifisr to the target, Therefore a dual set of references iy
required: an external set ysed to locate buildings and steel vess2ls, and an i1nterna’ <ot
within tha steel chells to cet the ontics. The set of external reference targets usea for
the initial alignment was *ransposed into the steel shells as they were being assernlen,

The master aqrid 1is contrnlled by primary bench marks, which identify the latitudina’
orientation and the referance elevation of 2207,518 m (7242.5 feet) above sea leve!l,
These bdencn marks were set by the survey crew of Los Alamag,

& tase line wds set 1n the laser hall at approximatelv Y « -855,370 ~, Recause of thne
lack af dirmct optica) arcess tn the Y & 1, Y o 0 point, we compieted a rectanqgular gria
thraunh po-* ho'ess one aAnd s'x, aned shi‘ted tne arid nor*h yntil! 1 tntercepte¢ 4 point
which was acceptable as the ta-=get location ¥ « Y o I . 0. This re-*anqgle closcd nver 3
200 m perimeter path within 13 mn, aning around various obstacles,

As coon as the buildings were connected by the beam tuhes, the ~ectangle was refined
bv using ‘ra transits and autocollimation instruments, Luop C'osu~" was witrin 0,5 mm
which results in a closure rate of approximateiy 3 1n Y0P ang approacres tne accucrdcy
required fer superior order qeodetic control survevs, which *s 1 in 06, The worc had
to be dnne at ntant, to avoild darage Sca'e air turdulence gnd thermally induced drstortion
within the (still expnsea) beam tubes, The tubes are now covered with earth which will
eliminate any therma! distartinn problems in the future,

Trouah tha contro! qrid was inittally set with the highest orecteinn, It was “ttficult
to maint ,in this precisinn, “umerous, small, cstress cracks develpped in the frechlv pouraed
concrets, inta which the tarqets asre set, Several cracks exce.dad 1.5 mm in widgt, Re.
peated cor~ections were necessary to the main control points an thr hise lia, Catacted
shifts nf ! to 1.5 mm in lateral directions nyer the entire complex are common,

After the reference qgrid was defined thraugh the target butljing and laser hall, the
beam tuhes were positioned, These tubes form the vacuum shall to enclose the optical
baams ., Figure 3 chows an optical target berng centersy in bheam tube flanae No. 5, and 3
"Brynson” level and jlg transit setup to control movement of the center tarqet, This
point was not critically tolaranced., However, it {5 the main mechanical interface between
the acuur system and the power amplifior, The flange centers were used to define the
“primary center lines", These are the center lines tn which the power amplifiers were set,

The contrg! arid was transterred from the laser hall into the hasement tn the ‘front
end ronm, by setting & 6 m opticdl tagling har acrnss the pit apening to the basement and
ustng 4 “Wild T-2" theodnlite wilh right-angle prism (Fig, 4), The prism swept the ver.
tical plane throuqh the primary canter line, which was picked up in the bottom of the pit
with 3 "Brunson" jiq transit (Fig, 5) and transferred to the front end room.

North of the target, or {in the +*Y dirertion, two finstrumentation stations alona A
vacuum tubs werw connected to the target vacuum system, with & closely controlled direct
view of the tyrqet (Fig. 2). The tube is {inclined dnwnwards toward two subtsrranean in-
strymentation station bunkers, Using the inclined slope technique, the vacuum steel tube



was pre-set with the "Wild N 3" level, A Keuffel and Fsser (K and E£) tooling lase- was
nsed to correct the tube center line pointing at a surrogate target at Y, Y, 2 « 0, and
the tube flanges were positioned by retro-reflection from a mirror which was attached to
the tube flanges, At a later date the controlled positioning of the mounting flange to
the target chamber was performed using the same technique.

Optica) tooling discussion

A basic optical tooling set-up, or “toolina dock", consists of the jig transits
mounted in rigidly controlled relationship to each other and complemented bv a level, to
sweep three planes of &4 spatia) grid. The standard dock employs horizontal tooling Dars
locked to each other accurately at 90" wi.h control scopes, plus a vertical har, Such a
set-up can be used to measure linear dimensions to accuracires of 0.025 mm. The bar:c come
in lengths of 3 tc 6 m an! can be joined to extend their range,

A smal)l dock was ucad to survey the accuracy of the "space frane" model /Fig. 6!, The
space frame is designec to hold the target insertion mechanism and associated opt1 , for
beam acquisition and focusing., The model was made to 1/5 scale, The actual frame wili
be in excess of 4 x 6 x 6§ m, constructed from stainless steel box beams with (2 mirro~
array planes set .t different angles to accept 144 mirror assemhlies., The intant was 3
verify the scale model prior to the frame manufacture., [In the dock, the center position
X. Y, and 7 of each array plane was measured, An optical tooling laser (K and E) was the-
addad and s visible in “he rear center of the picture, By pointing this to ref'ectarg
attached to the mirror array planes (Fig., ) the array centers could he traced throygh
folding and focusing planes to a surroqate tirget.

A conceptual sketch of the power amplifier assembly (Fiq. 8 showe & basic dock ~,§5 m
nign and more than 18 m long. Because of the clearance requirea for handling rAqu'pnen?
and personnel access, the space requirenent for the dock qrew to about 2?8 m n l'sratn,
The use of & p'atform 'ift oar the sige of the power anplifier precluded the yse of <on-
tinuous tooling hars, Therefaore, the lonaitudual dimensions in the beam line dirs~ticn
were sot on the floor, and individually mounted jig transits were used to find the “'acr
targets, and optica tv lock them toasther,

The support pads of cower amplifier stands weres set to within 0. & mm of desiqn va',es,
in treir horizontal level as well as in heam line orientation, After s2tting opt'cai ‘*ar-
gets ‘Fiq. Q), the power amplifier chell seqgments were pecitioned with the first center
heina set to within 0,8 mm of the primary center line, The suhsaquent ~entarg ynre thar
markes and their relatiye position was measured with {iq transits nd levels A§ snhnwr - n
Fiq. 10. The centers wandered within a to'erance cirrcle of 1 mm, with a stack-yp »* er.
rors learding to & mechanica! center line mislocation of approximata.y 31,83 mm over 3§ 24
tance of about 12 m, ar a pninting error 3f ahout | arc-cachAnd, This w.,s well w-th'n tre
requirements cf mechanical destan and the optical automatic alignment system,

A mafor component to be aliagned internally to the power ampiifier {s the elactros Jun,
It is about 3 m tlong, 1.75 m in afam and weighs in excess of 20 tong, yet must qlrie 'nty
the powdr amplifier shall precicaly to satisfy mechanical! a* wall 35 aluctrical :leasance
specifications, Furtharmore, this process must he reperatoole, as the gun will ne rempvel
periodically for majintenance access, There are two sets of running surfaces to he cooOr-
dinatad .. the suppnrt rafils within the power gsmplifier, and the quidance ~atls use: for
handling and insertina the qun, The center ratl weay set with trarsit and level *5 the
mechanical center line, Four auvitiary tooling tardqets were then added, defining twn
planes radfating fram tha center downward at 150° and 210°. Twe "% and £ alignment ¢ opes
were sat to thete tarasts (Fig, 11), and hy rotating the scnues IN° the internal optical
micromaters could be 1,ed for direct reaaing of ratl displacemesnt ‘n racdtal ortenta>ian
as well as strataohtnes . A mechanica! jiq was used for contrnl nt tndividua'! assemdbly sup-
port poinyy, 4nd the optical refersnce liney macde it pnssihle to oht:iin overall strytagnt.
ness within 1,25 mm and Yeve! within 0.17 mm,

The remaovable handling fixture was then referenced externally to the optica! master
grid with standard adhestve targets, Subseguently, the fixtire was quickly and precigely
repnsitinned with the alactron qun mounted »n top nf 1t, and the qun was ‘nserterd witnout
difficulty (Figq. 12).

The settina nf optica’ componants {nside the power amplifier fe¢ more invelved, Not
only fs the access limited, but the hsam sactors are not truly paralisl tn the system
centerline, Thars s a slope from south to north toward the centar at an angle nf abnut
1 min 44 &, This pracludey the direct use of grevity for setting levels and trangits,



The back reflector shel)l is shown on its back, with an optical tooling bar supported
across the mounting flanqge (Fig. 13)., A special fixture was designed which permitted
precise control of an alignment scope in the vertical position und this was then offset
by 1 min 44 s through autocollimation from an inclined reference base., In conjunction
with a chain of surroqgate reference targets, the optical compunents were pre-set tn be
suffi- ciently close to their design position so that one beam sector rould project
throuah the power amplifier. A1)l of the 13 optica! elements were aligned well within tne
specified tolerances on the initial assemhly of the power ampiifier.

Conclusion

The Antares laser system presents extremely challenaing alignment and assemuly prob-
lems., By providing a precise reference datum and good initial alignment c¢f mechanical
components, the assembly and mechanical alignment of two power arplifiers and one coum-
plete sector optical train within one power amplifier is easily achieved,

The main task tor the future is to refine the optical alianment procedures *o permit
simultaneous installation of all 12 beam sectors, and to work out a satisfactory proce-
dyre for alignment of the tarqget facility,

Acknowledaments

The authors wish to thank Ralph Alarid and his surveying crew of Los Alamos far» their
expert assistance,

- "««- |

b W MESE 2 .Y
S ER e GA AN A T
.

Fiq, ', Antares Wian Enerqv Gas (asSer Facr ity



:___:- T Ve on - -0
- ii
T I
e o e T
_— -
o= L—ﬂ-" > =L
(= _#:._. =
| Hemc R !.' .‘:b.l'l'c j s man -
e . L1 B1 [ S | !
N~ b ST . S
- bRSnT s T ETIL ot Tewd e
. ‘.T\";" -- —:1‘:—:- .'_)"J [
T S - .
- -en - - —— -y - — oy - —
.
- ra
Jinte
i
B 1 —7no2iz A
™, IS B
] (S TRLTS, R
? ] . 4 (]
g
nwae o
" v wyt® rtrany
- ’ LI S 1 e \'... ----- te - .
" [P TR NR Sarn s,  vooawt
Fiq, ? Mastpr -antral qrid for *he Aatoba!

Fig. &,

cosrdinate system,

Tranaferring beam reference l!n.'

fnte optical pit,

Filg. 5. Transferring haam reference liae
throuah pit (nte Frant Tnd Rnoom,



RIE MANUSERLT e . B R T Allz

LI LTI L _

" Fia, A, Tanlinn dnck for space frame madnl, Fla. 7. "hack nf anaular arrentatian a¢
mirerar Array planag {n spire frare

- - —— P mode! with tonlina 'aser,
— —_ TN -
. o >
ST

Fia. 8. Tooling dock fnr power amnlifier (gchematic view),

- o —— - ————— -

Fiq. 9, Sutting center of power amplifier shellg,



Fig. 10. Aligning power amplifier shells to beam line.'
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