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ANTARES AL1GW3ENT G1f4BAL P(JSITIONER LI.lEAR BEARING TI. STS

R. D. Diiy, M. D. Mcuay, !3, D. Pierce, and R. E. Lujan

Los AIMKIS National Laboratory
LOS Aladnos, NM 87545

Introduction .—

A~tares IS a 24-beam, 40-terawatt carbon czlox-
lde (CuZ) laser fusion system currently unoer
Construction at the Los Aldms Natlondl Laboratory.
For tus~on experiments, the 24 laser beams are
toctiseo onto a tiny target (typtcaily, 500 urn In
Clldmeter) located approalmately at the center o? a
7,3--Cldm Dy 7,3-m. long vacuum (10-6 torr)
Chdmber. It 1S OeSlraOle to be ab)e to tocus each
laser }ndepenaently mywere wlthln a l-cm cubtc
volume surrounall~g the target center. To aCCOmp]lSh
the bem dllqment tasb. , we Oeclaeo to Build an
*n>truiw!it that would (1) hold a variety of detec-
tors; (~) p:lnt a Iletector at ●ach laser bem to
wltnln ●0.5 ot the Oes.lred Mgle; (3) translate
the det6ctor ●5 nan trum a reterence }oCatlcm in the
x, y, ana z axes; and (4) know the detector poslt!on
rel.dtlve to the reterence throughout tne tr4vel ot
edch IIUtlon to wlthln a rnatlrrum root sbrn of squares
(h)$j error ot 15 urn, Tc sdtlsty these requlre-

mdnts, M dllgnmpnt gll!lbdl POsltloner (ffiP) 1S belny
Ocilgnea, TFIIs OevlCe bdSICd]]y con$lsts of a
glMbd\ ~unted to UI X, y, z mlcroposltlnner md #
Set Ot Optics to re)ay th< detector information
Outside the target Chamber. The detuctor center IS
preLl$ely ]Ocdteo dt the intersection of the two
gimbal dxes, This irrangsrrmnt allows the @te(tor

to be po!ntecl towaro MY posltlon in space UIO tc
be trdnSILIted to wlthln the Ilmlts Of the micro.
p051tlcmerm A IIne Orawlng ot the AGP 1S $hotm ~n
F)y, ],

TO ach!eve the ]S.vm ~IlpJm R~~ error, &I
●rror blidget was htslgneu to mch of the ma~or
ffechanlcal lnterfacesl The error budget IS tabu-
lated in Ta~)le I,

Oltflc~lty In r?])dbly posltlonlng a detector

~~th ~ aCCUrdCy Of bctt~r thdn 20 @ w!th the
PMtlCuldr llnedr bearing $y$?em used hpd been
Qncountcred •arlf~rt fxp~rmce with a prevfoutly
detl~?d InttruImnt, Ctlled c mvable Hortmann ball
(f’kiti!, r~vc~led thdt mast of the difficulty could

bt ‘“trlbutcd to Ube offbet ~rror, Abbe Offset
Wror is asioc\4t@d wtth the Intafurement of th~
poiltfan Of t paint off$ct from the moturemvnt
8X1%. Thfs ts t)lustroted in Fig, 2. Figure 2
41$0 dram8tites tht Qfttct Of ltneap bebrlng
:tralghtnc$$ on Abbe offset error, The I!ncar
bmrtn~s u$ed on the MB wcro crois~d-rolltr btaF-
ing$, )ubrlcttQd with v4Cuudn-Cadhpdt!blQ gr~a$e, md
Iiavlnq an #:b ratio (as th~ In F19, ?) of appron-
fmate]y 6:], For the ALP, it is dettred to r~ducc

● ✌✌✌

fig. 1.

the a:b

SChefnatlc of
posltloner,

rdt 10 6$ IIuch

Antdres Lllgnmnt glmbd’

as possible md Obtalfl the
]lnedr be#rtn9 syite that wII1 g~ve thu b~$t ll~c-

dlctatll)ty o’ the detector po$ltlon.

Test\ng Appdr4tus

10 perform the llnear bea.}ng te$t$, m ekI$\.
tng mlcroposltioner whose llne4r bedr}ng naj the
SdW $ize a$ thdt ~rl the Mti~ wa$ used, (TnfIIlnedr

?AtJLf ]

AGP [RROR LIuMET

1. Gtmbal axes intersections 5.0 urn
2. Gimbal axes runout 5.0 urn

. OCt@CtOr mtslocatlon 5.0 bm
L Dttector replacewmt~ 3,0 urn

x, Y, z WS orthogcmalfty 4.0 @ a 3
:s a, Y, 2 a~e$ Abbe of)tet error 4,0 urn s I
7, Contingency 6,7 ~m _

Tott) R$$ [rror 15.0 urn

me Jet ettor replh:emer~t error refers to the
po$ltional Qrrol tntro:u~ed when one detector 1$
substituted for mother \n the gimbal.
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Fig. 2. illustration of Abbe offset errcm.

bedrlng 1s one s]ze smaller thm that being used cm
the AL P,) A cross section ot the mlcroposltloner
IS show in Fig, 3.

A Hewlett Packard lnterferoreter was uses to
measure the repeatability C( ]ocatlng a cletcctor
poiltlon. The lnterferorreter has J resolution
capaGlllty of 11.131 “m; however, for this experiment,
a resolutloli of O 1 ~m was sufflclent, The testing
arr~.gwm?nt IS pictured In F]g, 4,

We orlgmally wanted to obtain m?asurernents for
the stralgntnes> of ~ravel of each b?arlng conflg-
uratlor, , Thr read) Iy avallabl? lnterfero,retr Ic
herdware to make these mea5ur&nents had a re~olutlon
of only about .? um. k~s.urenm?nts uere attempted for
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Fig. 4. Linear bedrlng testing appar?tus,

tnrm Configurations, but were halted because the
lack of straightness of the bedrlngs was smaller
thm the instrument resolution. A $tralyl)tncss of
better than ? urn Is acceptable, so lt was d+clded to
make the comparisons based upon repedtablllty data,

Testing Wthod

The SIX Conflguratlons tested are described
pictorially in Figs, 5 througt, 7. bata or each
‘ystem are showr In Table II.

‘q,/”

t’t9, 5, LinPar bearing nwchanlcal arrangemrlt for
Lo!lflgul”al~ons I and (J,



ilg. 6. Linear bearing mchmical Wrutgams?nt for
Canflgurations 2 Md 3.

EacII Cmfiguration was Clmned so blat no loose
particles could b? observed a the bearing surfaces
mt 50x mdgliflchtion. All nicropositioner assembly
was performed an a Ianinar flfx bench to minimize
tne likelihood of particles migratmg onto the
Ilnear Bearings. when the mssmmly was ccnpleted,
the mlcroposltloner was p!tcecl in the interfercmter
setup located in a temperature-cantrollea roam ad
allower to thermally Sthbli?e far at leaSt two
hours.

Fig. 7. Linear bttritg mclmical @rrrngmWnt far
Configural\ons4 md5.

TA8LE 11

LINEAR BEARlffiCONFI6URATION OATA

Raundness or
Parallelism Surface

Cafiguratian Configuratim of Rail or Finish
Nu~er Wcription Roller, ~m— ~ RSS

1 Ory, crossed- 1.25 <0.2
roller bearings

2 Famblln~- 1.0 0.05
lubricated bearing
ways md squwe
cross-section rails

3 Nado~b-caated 1.0 0.05
bearing ways and
square Cr0S5-
section rails

4 Nedoxb-caated 1.25 CO.2
bedrlng ways and
circular cross-
sectlon rails

5 Fombl ina- 1.25 <0.?
lubricate bearing
ways ad circular
cross-section rmils

6 Fambl ina- 1.25 <0.2
lubricated rollers

me name of a Itquid vacuum lubrlcant from
Montedison uSA, 114 Avenue of the @meric~s,
New Vark, NY 10013.

bTrada na~ of lubricating Coating from tinera)

Ma~aplate Corporation that basicdlly consists of a
hard plating with a Ccmtrol led infusion of Teflon.
tineral HagnaPlat@ Corpor#tia ts located at 1331
US Route No. 1, Linden, NJ 07036.

A aitl UM attac’ied to tha lead screw and was
read with the aid of a pointer, The Wddlng reso-
lutitm was estimated to be about O*1 m. b~ta on
microposttioner travel (approximately 1.2 m) and
dtal settings were obtained tn the follmring manner.
The ditl wt: dtvtded Into 10 settings, numbered O
through 9, Far aach setttng, the dial was moved to
posttion O, back to the setting, to position 1,
back, ad so MI to posttim 9 md back to the
orlgintl zetting. Th~s M% cbne s~quentltlly for
settings O through 9. A displacamnt reaalng was
made it th~ -d of ●ach ~vawmt. Th!t prOCeOUre
resulted In 19 datd points conststln9 af dial sQt-
tings ma Otsplacemnt readin9s for all Poss~ble
single movwnts between my k of the 10 dial set-
tin9s. After the test a a cmf19kratton wts com-
pleted, the linear baarlng$ were emmlnea under a
nfcroscope LO @termine if my particles had
ni9rated tnto the bearfn9s, FW o~e bet of data
for CWifi9uration 6, scw small aluminum chips
(that probably wart ge’lerated frm a m~sal iwed
spring rubbing a th~ alumlnum houstng) ue:e dis-
covered h the linear bearing}. This set of data
was discarded.
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Testing Results

The standard deviation of position as a func-
tion of dial setting for each Configuration iS
plotted in Fi,g. 8. These results indicate that the
solid rails In each ot their configurations (Con-
figurations 2-5) are superior to the rOllerS (Con-
figurations 1 and 6). The solid circular rails in
the Fomblin lubricant (Configuration 5) was the
best. A formal analysis of the data from each of
the configurations was performed as an aid in
screening out those that were unacceptable.

The standard deviation plots in Fig. 8 indicate
the variability of true position associated with
eaCh dial position, The question of intrest is
hcki accurately cm Ll,e POSltiOn of J, get be
determined from the dial setting. 1 was obse?ved
that some of the variability at a specific dial
setting could be attributed to the distance traveled
frcxn the previous dial setting. That is, true
position after the dial is moved to a particular
setting depends on where the dial was nsuved from.
The term “approach” is used to man the signed
dltterence between a dial setting and the preVIOUS
alal setting.

—.-—cONFIGURATION I
—CONFIGURATION 2
—-—CONFIGURATION 3
—...- cONFIGURATK3N 4
. . . . - - CONFIGURATION 5
‘o Ooo OcOCONTIGURATION 6
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Fig, 8. Plot of positional standard deviation vs
dial se~tlng for al) configurations.

The relationship between position and a poly-
nomial function of dial setting (up to third degree)
and approach (linear) was studied, using regression
analysis. The form of the polynomial function was
determined separately for each configuration, using
a best subsets regression algorithm. The polynomial
approximation seemed adequate for screening
purposes.

Table 111 shows estimates of intrinsic varia-
bility for the six configurations. Column 2 is the
RSS average of the standard deviations in Fig. 8.
These averages only approximately sunsnarize the
curves in Fig. 8. Cclunm 3 contains Estimates of
the variability of the “best” polynomial fit,
Colunm 4 contains estimates of the limit in pre-
cision attainable through a fitted function (curve),
All of the entries in the table have errors associ-
ated with estimation. Hence, the estimated limit
of precision for Configuration 1 IS ldrger than the
estimated precision for the titted f~rlction. Never-
theless, the numbers can be used to compare config-
urations and fits.

The final fits for each Configuration indicated
how well true positions could be estimateo for each
of the six configurations. Again, Configuration 5
was judged the best.

The next stage of te>tlng will involve deter-
mining better functions (calibraticm functions) to
approximate the rel~tionship between position ald
dial setting, taking appvoach into account, A
modification of the procedure used to obtain mlcro-
positioner data will allw better estimation of +’)e
limits of precision that can be obtained w, I cali-
bration functions.

Conclusions

The data indicate that of the six conf\qurJ-
tions tested, the SOlld circular rails with e{ther
the wet or dry lubrlcant are superior t~ the other
configurations. Therefore, these two wili undergo
additional tests. These tests will consist ~f (1)
modifying the testing procedure tc obtain a better
estimation of the Itmlts of precision, and (2)
subjecting the bearir,gs to moments more closely
approximating the actual conditions they will
undergo on the AGP,

The results have been quite encouraging, The
prediction error of the polyncxnlaltit for Config-
uration 5 ~s less than 1,5 urn (at 99 per cent
confidence) for all dial settings, This is signif-
icantly smaller than the 4,0 urn budget error,

TABLE Ill

STANDARD oEvlATloNs IN urn

Aver&ge
Over Dial

Configuration Settings

1.97
: 1,57
3 ().97
4 0.71

0,47
: 1.74

Polfiomial
Fit

1.36
1.71
0.85
0.65
0.46
1.97

Limit of
Precisiorl

1.62
ii62
1.08
0.68
0.48
1.79
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