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ANTARES ALIGNMENT GIMBAL POSITIONER L].{EAR BEARING Ti.STS

R. D. Day, M. D. Mcxay, DO. D. Pierce, and R. £. Lujan

Los Alamos National Laboratory
Los Alamos, NM 87545

Introduction

Artares s a 24-peam, 40-terawatt carbon diox-
1de  (Cuz) laser fusron system currently under
construction at the Los Alamos National Latoratory.
For tusion experiments, the ¢4 laser beams are
tocuseo onto a tiny target (typicaily, 500 ym n
grameter; locatea approximately at the center ot 2
7.3-m-cram by 7.3-m.long vacuum  (10-6 torr)
chamber. It 15 gesiraole to be able to tocus each
laser ngependently anywhere within a l-cm cubic
volume surrounding the target center. To accomplish
the Deam alignment tash, we deciged to builld an
‘Nytrument that would (1) holo a variety of detec-
tors,; (2, point a detector at each laser beam to
within =0.5" ot the odesired angle; (3) translate
the getector o5 mm trom a reference location \n the
X, y, an0 2 axes, and (4, know the detector position
relative to the reterence throughout tne trave! ot
each mution to within & maximum root sum of squares
(Kd5) error ot 15 um. Tc satisty these require-
ments, an alignment gimbal positioner (AGP) 15 being
gesigned. Thas  device basically consists of o
g'mbal mounted to a0 x, y, 2 micropositioner ad @
set 0ot optics to relay the detector nformation
ogutside the target chamber, The detcctor center 1y
precisely locatea at the intersection of the two
g'mbal axes. This arrangement allows the detector
to be pointed toward any position In space and tc
be translated to within the limity of the mi(ro-
?osltlloner. A line drawing of the AGP 1s shown 1n
g, 1.

To achieve the 15-,m maximum RSS error, en
error budget was assigned to each of the major
mechanical nterfaces. The error budget s tabu-
lated n Tanle |.

Drttic,ity in redrably positioning a detector
with & accuracy of better than 20 ym with the
particular linear bearing system wused hed been
encountered esrlier. [Fxperience with a previously
gesigned nstrument, called a movable Hartmann ba))
(WE), revesled that most of the difficulty could
be =»*tributed to Abbe oftset error. Abbe offset
error 1% associated with tLhe measurement of the
position of & point oftset from the measurement
ax1s,  This s {)lustrated in Fig, 2. Figure 2
4150 dramitizes the eftect of linea Dearing
utraightness on Abbe offset error. The linear
bear ings used on the MHE were crossed-roller besr-
ings, lubricated with vacuum-compatible gresse, eand
having an a:b ratio (as shown in Fig. 2) of approx-
imately 6:1. For the AGP, 1t {3 desired to reduce

Frg. 1. Schematrc ot Antares slignment gimba’
pos1tioner,

the a:db ratio as much & possible and obtan the
linear bearing syster that will give the best pre-
dictatr ity o* the detector position,

Testing Apparatus

To perform the linear bearing tests, an exist-

\ng micropositioner whose linear bearing way the

some size as that n the MHB was used. (The linear
TABLE |

AGP ERROR BUDGET

1. Gimba) axes intersections 5.0 um
2. Gwmbal axesy runout 5.0 ym
3. Detector mislocation 5.0 um
4. Detector replacement? 3.0 ym
5 x, ¥y, t axes orthogonality 4.0 ym x 3
6. x, y, 2 ares Abhe ofiset error 4.0 ym 2}
7. Contingency 6.7 ym _
Total RSS Error 15.0 um

¥The Jetector replacemert error refers to thre
positional error introvuled when one detector 1%
substituted for another in the gimba!,
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Fig. 2.

I1iustration of Abbe offset errom.

bearing 1s one size smaller than that being used on
the AGP.) A cross section ot the micropositioner
's shown n Fag, 3.

A Hewlett Packard interferometer was used to
measure the repeatability c¢i locating a detoctor
position, The nterferometer has a resclution
capataility of 0.01 um; however, for this experiment,
a resolution of O )] ym was sufficient, The testing
arra.gement iy pictured n Fig, 4.

we ori1ginally wanted to obtain measurements for
the straigntness of iravel ot each bearing config-
uration, The readrly available interferometric
hardware to make these measurements had a resolution
of only about 2 um. Measurements were attempted for
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Frg. 3. Cross section of micropositioner,
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Fig. 4. Linear bearing testing apparatus,

tnree configurations, but were halted because the
lack of straightness of the bearings was smaller
than the instrument resolution. A straightness ot
better than 2 um is acceptable, so it was decided to
make the comparisons based upon repeatability data.

Testing Method

The six configurations tested are described
pictorially n Figs. 5 through 7. [ata on each
rystem are shown in Table [I.

Fig. 5.

Linear bearing mechanical arrangement for
Ltonfigurations | and 6,



fig. 6. Linear bearing mechanical arrangement for
Configurations 2 and 3.

Each configuration was cleaned so tnat no loose
particles could be observed on the bearing surfaces
at 50X magrification. A1) micropositioner assemdly
was pertormed on a laminar flow bench to minwmize
the likelinooo of particles migrating onto the
l\near bearings. When the assemdly was completed,
the micropositioner was placed in the interferometer
setup locatea in & temperature-controlleo room and
allowec to tnermally stidlize for at least two
hours.

Fig. 7. Linear bearitg mechanical arrangement for
Configurations 4 and 5.

TABLE 11
LINEAR BEARING CONFIGURATION DATA

Roundness or
Parallelism Surface
Configuration Configuration of Rail or Finish
Number Description Roller, ym  um RSS

1 Dry, crossed- 1.25 <0.2
roller bearings

2 Fombd1ind- 1.0 0.05
lubricated bearing
ways and square
cross-section rails

3 NedoxP-coated 1.0 0.0%
bearing ways and
square Cross-
section rails

4 NedoxP-coated 1.25 <0.2
bearing ways an1
circular cross-
section rails

5 Fomb1ind- 1.25 <0.2
lubricatea bearing
ways and circular
cross-section rails

5 Fomblind_ 1.25 <0.2
lubricated rollers

¥Yrade nare of a liquid vacuum Jubricant from
Montedison USA, 114 Avenue of the Americas,
New York, NY 10013.

DTrade name of lubricating coating from Genera)
Magnaplate Corporation that basically consists of 2
hard plating with a controlled infusion of Teflon.
Genera) Magnaplate Corporation is located at ]33l
US Route No. 1, Linden, NJ 07036.

A dial was attached to the lead screw and was
read with the aid of a pointer. The reading reso-
Jution was estimated to be about 0.1 wym. Lata on
micropositioner travel (approximately 1.2 mm} and
dis) settings were obtained in the following manner.
The die) wa. divided into 10 settings, numbered O
through 9. For each setting, the dial was moved to
position O, back to the setting, to position 1,
back, and so on to position 9 and back to the
original cetting. This was cone sequentially for
settings O through 9. A displacement reading was
made at the end of each wovement. This procedure
resuited in 19 date points consisting of dial set-
tings and aisplacement readings for all possible
single movements between any ¢ of the 10 disl set-
tings. After the test on a configuration was com-
pleted, the linear baarings were examinec under a
microscope <o determine 1if any particles had
migrated into the bearings. For one et of data
for Configuration &. scme smal) aluminum chips
(that probably were ge.erated from a misaligned
spring rubbing on the aluminum housing) we.e dis-
covered in the linear bearings. This set of data
was discarded.



Testing Results

The standard deviation of position as a func-
tion of dial setting for each configuration is
plotted in Fic. 8. These results indicate that the
solid rails in each ot their configurations (Con-
figurations 2-5) are superior to the rollers (Con-
tigurations 1 and 6). The solid circular rails in
the Fomblin lubricant (Configuration 5) was the
best. A formal anaiysis 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. B indicate
the variability of true position associated with
each dial position. The question of interest is
how accurately can ihe position of arget be
determined from the dial setting., | was observed
that some of the variability at a specific dial
setting could be attributed to the distance traveled
from the previous dial setting. That is, true
position after the dial is moved to a particular
setting depends on where the dial was muved from.
The term “approach" 1is used to mean the signed
ditterence between a dial setting and the previous
aial setting.
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Fig. 8. Plot of positional standard deviation vs
dial setting for all configurations.

The relationship between position and a poly-
nomial function of dial setting (up to third degree)
and approach (linear) wis 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 summarize the
curves in Fig. 8. Cclumn 3 contains estimates of
the variability of the ‘"best" polynomial fit.
Colum 4 contains estimates of the 1limit in pre-
cisior attainable through a fitted function (curve),
A1l of the entries in the table have errors associ-
ated with estimation. Hence, the estimated limit
of precision for Configuration 1 is larger than the
estimated precision for the titted function. 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 estimatea for each
of the six configurations. Again, Configuration 5
was judged the best.

The next stage of testing will involve deter-
mining better functions (calibration functions) to
approximate the relationship between position and
dial setting, taking approach 1into account. A
modification of the procedure used to obtain micro-
positioner data will allow better estimation of *"e
limits of precision that can be obtained w. 1 cali-
bration functions.

Conclusions

The data indicate that of the six configura-
tions tested, the solid circular rails with either
the wet or dry lubricant are superior to the other
configurations. Therefore, these two wili undergo
additional tests. These tests will consist of (1)
modifying the testing procedure t¢ obtain a better
estimation of the 1imits of precision, and (2)
subjecting the bearirngs 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 polynomial tit for Config-
uration 5 1s less than 1.5 ym (at 99 per cent
confidence) for all dial settings, This is signif-
icantly smaller than the 4.0 ym budget error.

TABLE 111
STANDARD DEVIATIONS IN um

Average
Over Dial  Polynomial Limit of
Configuration Settings Fit Precision
1 1.97 1.36 1.62
2 1.57 1.71 1.62
3 0.97 0.85 1.08
4 0.7 0.65 0.68
5 0.47 0.46 0.48
6 1.74 1.97 1.79



Although more severe tests to be performed in the
future are likely to result in poorer fits to the
data, the precision obtained thus far has provided
confidence that the allotted error budget can be
met.
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