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2.4 Meter Alt-Azimuth Telescope

Factory and Site Acceptance Test

1 INTRODUCTION

This document describes the inspection, test procedures and equipment used to perform the
pre-shipment Factory Acceptance Test (FAT) of the 2.4 m Telescope in accordance with the
contract, the technical specifications, attachments and annexes between the University of
California Observatory/Lick (UCO/Lick) and EOS Technologies Inc. (EOST).

The reference numbering system used in this Acceptance Test document corresponds to the
numbering system used in Contract Appendix C: 2.4m Telescope Specification for The Lick
Observatory APF Telescope.

1.1 SCOPE

This document outlines the test methods to be used to test or inspect the listed contract
requirements or specifications. Where appropriate, high level tests of pointing, tracking and
wavefront error are performed on-sky to validate the full system functionality. it should be noted
that no test will be performed unless prior agreement is reached by the parties and the tests are
entered into this document.

1.2 CONFIGURATION

This document has been configured as ATP-10609-2 and is a designated controlled document
under the EOST Quality System.

1.3 REFERENCES
The following source documents may be used as reference materials for this document:

e Contract Agreement Number CTR-4875-1
1.4 DEFINITIONS AND ACRONYMS

e COTS - Commercial off the Shelf

¢ CTR - Contract document

e EOST - EOS Technologies, Inc.

e FAT - Factory Acceptance Test

¢ RMS — Root Mean Square

¢ SAT - Site Acceptance Test

e TCC - Telescope Control Computer

* UCO - University of California Observatory
1.5 GENERAL

Factory Acceptance Tests (FAT) in the University of California Observatory/Lick (UCO/Lick)
contract Agreement Number CTR-4875-1 dated 30 July 2003. These tests are required to
satisfy clause 2.1 and clause 10.

EOS Technologies, Inc. « 3160 East Transcon Way, Suite 180 » Tucson AZ 85706 « USA
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1.6 DELIVERABLE ITEM

The 2.4 Meter Alt-Azimuth Telescope acceptance test documentation is deliverable as per
Appendix B of the Contract.

1.7 RECORDS TO BE KEPT

All inspection and test resuits are to be recorded in this document and stored with the 2.4 Meter
Alt-Azimuth Telescope documentation. Refer to Quality Procedure QIPT-T2973-3 Document
and Data Control.

1.8 LIFETIME DISCUSSION

The telescope has been designed using components that will last indefinitely under the
calculated loads assuming routine maintenance has been performed. No Lifetime or destructive
Test to Failure testing is required or planned. The design life of the telescope is 20 years,
meaning that all components and designs are based on established technologies and products.

1.9 ENVIRONMENTAL DISCUSSION

The telescope has been designed for operation in varying temperatures. All component
materials have been matched to eliminate or minimize expansion and contraction problems
caused by large temperature changes.

As the EOST Tucson site has no capacity for testing large assemblies over extremes of
temperature and/or humidity, there is no special environmental testing planned. The telescope
will be tested at the EOST Assembly and Test facility in Tucson, Arizona under ambient
conditions which include a humidity range of 20% to 95% and temperatures from

10 °C to 30 °C. During the winter months, the temperature may fall as low as 0 °C.

The test facilities and equipment used in the various categories of tests include:

1. Initial testing performed at EOST Assembly and Test facility using EOST equipment.
2. Image quality testing performed on-sky with Shack-Hartmann wavefront sensor.
3. Tracking tests also performed on-sky.
4. Final testing performed on-site.
1.10 TEST EQUIPMENT AND CALIBRATION

EOST maintains all inspection measuring and test equipment calibration according to the
current revision of Quality Procedure QIPT-T2920. This procedure complies with the 1SO-9001-
2000 standard. Documentation and compliance reports are available upon request.

EOS Technologies, Inc. * 3160 East Transcon Way, Suite 180 « Tucson AZ 85706 - USA
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Lick-20090225. txt

Star Observations

Region Star Prefit Residuals Postfit Residuals
deg deg arc sec arc sec
Obs Azim Elev Catalog Azim Elev Azim Elev Error Azim Elev Error
1 -39 88 261F -42.75 87.66 183.32 8.54 183.43 0.99 0.28 1,03
2 -30 82 250F -30.96 81.54 180.64 10.05 180.89 0.77 ~0.41 0.87
3 -39 73 227F -39.05 72,49 179.71 11.38 180.06 1.46 1.04 1.79
4 -33 67 216F -33.27 67.43 178.04 12.18 178.44 0.94 0.48 1.06
5 -48 65 193F -48.23 65.45 177.10 10.47 177.40 0.47 0.34 0.58
6 ~-33 67 216F  ~33.53 67.33 177.70 11.89 178.08 0.62 0.22 0.66
7 =22 65 225F -22.51 65.22 176.75 12.29 177.17 -0.12 ~-1.30 1.31
8 -16 68 24B4F  -16.54 67.49 176,72 12,77 177.17 -0.45 -1.53 1.860
9 -17 717 2517F -17.43 77.03 177.70 12.31 178.10 -0.68 -0.76 1.02
10 11 83 274F 9.97 82.83 178.12 15.84 178.76 -0.28 -1.64 1,67
11 23 81 1181F 22.39 80.82 178.56 19.43 179.56 0.43 -0.54 0.69
12 35 84 2568F 34.81 84.45 179.84 20.90 180,96 0.57 -0.96 1.12
13 14 81 276F 14,07 81.08 178.02 18.03 178.88 -0.12 -0.38 0.40
14 6 75 1190F 5.74 74.93 177.06 16.21 177.78 -0.47 -1.26 1.34
15 3 71 2555F 2.7% 70.81 176.17 17,19 176.98 ~-1,05 -0.18 1.07
16 -7 65 2520F -6.75 64.83 175.14 14.79 175.75 -1.78 -1.5% 2,37
17 ~-13 62 237F  -13.44 62.01 175.31 12.35 175.74 -1.39 -3.17 3.46
18 2 71 2555F 1.67 70.83 176.06 16.34 176.79 -1.19 -0.83 1.45
19 18 81 1191F 17.02 81.16 178.10 18.96 179.05 -0.06 0.01 0.06
20 52 81 1199F 51.83 81.01 179.82 24,20 181.38 0.41 -0.52 0.66
21 25 13 299F 25.17 72.64 177.13 21.45 178.40 0.30 0.14 0.34
22 24 68 307F 24.18 68.16 176.40 23.63 177.95 0.15 1.99 2.00
23 31 64 323F 31.10 64,25 176.11 24.64 177.80 0.73 1.30 1.49
24 44 64 335F 44.08 64.50 174.23 26.02 176.15 -0.49 0.61 0.78
25 45 68 1225F 44,90 68.36 176.09 26.72 178.08 0.52 1.65 1.74
26 46 73 314F 46.32 72.58 177.64 26.15 179.52 1,01 1.36 1.69
27 79 83 296F 78.45 82.93 183.32 28.64 185.44 -0.11 1.41 1.41
28 65 13 320F 64.77 73.07 178.54 28.18 180.71 1.01 1.11 1.50
29 67 67 1237F 66.93 66.59 176.02 29.08 178.38 0.75 1.05 1.29
30 77 64 352F 76.77 63.85 176.01 31.38 178.76 1.11 2.19 2.46
31 89 66 2719F 88.86 65.98 178.53 33.01 181.52 1.25 3.49 3.1
32 94 70 328F% 94 .42 70.36 181.08 32.40 183.92 0.87 3.27 3.38
33 99 78 2641F 98.69 77.76 184.62 30.49 187.06 0.08 2.16 2.16
34 100 87 286F 100.63 87.56 189.18 29.73 191.18 -1.02 2.17 2.40
35 124 83 295F 124.41 82.81 192.53 28.02 194.486 0.17 1.32 1.33
36 131 75 2630F  131.57 74.77 191.22 28.79 193.33 0.48 1.91 1.97
37 121 66 326F 121.24 66.19 185.27 30.58 187.74 0.53 1.78 1.86
38 147 63 312rF 147.37 63.47 191.02 26.06 192.77 0.15 -0.25 0.29
39 151 72 1208F 151.16 71.55 194.07 24.61 195.59 0,02 -0.15 0.15
40 153 80 2595F 153.16 79.74 196.45 22,67 197,70 -0.20 -0.85% .87
41 167 85 282F 167.64 85.43 199.12 18.85 199.89 -0.65 -1.57 1.69
42 182 80 279F 182.18 79.71 199.89 16.71 200.55 0.71 -1.76 1,90
43 183 74 277F 183.64 74.25 198.51 17.56 199.26 0.42 -1.28 1.35
44 177 66 285F 177.31 66.01 196.11 18.71 186.98 -0.05 ~-2.30 2.30
45 206 69 256F 206.38 68.77 196.02 14.87 196.57 0.83 ~0.43 0.93
46 201 78 269F 201.84 77.51 198.40 14.71 198.91 0.45 -0.36 0.58
47 207 84 2553F 208.25 83.91 198.90 12.19 199.22 -0.04 -0.93 0.93
48 234 79 254F 234.08 78.56 192.82 10.45 193.08 -0.52 0.66 0,84
49 230 73 1173F  229.70 72.59 192,07 11.74 192.41 0.08 0.66 0.66
50 -130 65 232F -129.31 64.83 189,06 12.04 189.43 0.20 0.13 0.24
51 ~-108 63 211F -107.57 63.16 181.867 8.41 181.85 -0.97 -1.30 1.62
52 -111 70 1163F -110.59 69.42 185.50 8.78 185.70 -0.63 -0.40 0.75
53 -107 80 2518F -~106.38 80.03 188.43 5.70 188.50 -1.61 ~1.86 2.46
54 -95 74 1168F -95.,03 73.97 184.04 7.62 184.19 -0.88 0.02 0.88
55 -96 69 1158F -96.28 68.70 181.96 7.71 182,12 -0.73 -0.57 0.92
56 -90 63 202F ~89.58 63.18 177.94 7.73 178.10 -1.00 -1.¢01 1.42
57 -18 58 181F -77.75 57.87 174.40 8.14 174.59 -0.73 -1.27 1.46
58 =71 63 2399F -77.38 62.60 176,49 8.05 176.66 ~0.53 -0.70 0.87
59 -83 73 2470F  -83.13 13.29 181.47 6.48 181.57 -1.02 ~-0.92 1.38
60 -64 69 221F  -64.20 68.50 178.55 8.62 178.75 0.32 0.16 0.36
61 88 50 <Not Observed>

62 ~118 33 <Not Observed>



63 =59

64 -1
65 58
66 117
67 176
68 235
69 294
70 206
71 =30

Mount Model Terms

std
arc

Term

Dev
sec

27.97

-1.12
~4.20

<Not
<Not
<Not
<Not
<Not
<Not
<Not
<Not
<Not
174.23
199.89
25.66
183.11

-129.31
234.08
363.39

38.73

57.87
87.66
29.80
72.60

183.28

Name

Azimuth Encoder Offset
Elevation Encoder Offset

X Axis Tilt

Y Axis Tilt

Transverse Misalignment
Az-El Non-Orthogonality
Sin(Azimuth) in Azimuth
Cos{Azimuth) in Azimuth
Sin(Elevation) in Elevation
Cos(Elevation) in Elevation
Flexure

Azimuth Encoder Scale
Elevation Encoder Scale
Sin{(2*Azimuth) in Azimuth
Cos(2*Azimuth) in Azimuth
Sin(Azimuth) in Elevation
Cos (Azimuth) in Elevation
El Sin(Az) in Elevation

El Cos{Az} in Elevation

Observed>
Observed>
Observed>
Observed>
Observed>
Observed>
Observed>
Observed>
Observed>

5.70
33.01
27.31
17.89

19.59

Formula

A=1

E=1
A=tECA;E=-shA
A=tEsA;E=chA
S=1

A=tE

A=sh

A=cA

E=8E

E=cE

E=1/tE
A=A/r360
E=E/r360
A=s (2A)
A=C(2A)
E=sh

E=chA

E=EsA

E=EcA

-1.78
1.46
3.24

-0.00

0,75

-3.17
3.49
6.66
0.00



Lick-20090225 Pre-Fit, txt

Star Observations

Region Star Prefit Residuals
deg deg arc sec
Obs Azim Elev Catalog Azim Elev Azim Elev Error
1 -65 67 221F -64.78 67.27 0.09 0.35 0.36
2 -77 80 261F -76.94 80.11 -0.53 0.22 0.57
3 -37 84 2568F -38.19 84.18 0.55 0.74 0.92
4 -30 75 2537F -29.87 74.71 -0.01 1.28 1.28
5 -32 62 225F -31.70 61.56 -0.43 1.12 1.20
6 -16 74 1130F -16.45 74.23 -1.52 0.42 1.57
7 45 88 296F 41,95 88.45 -0.08 0.09 0.12
8 33 77 314F 32.73 76.60 0.95 1.79 2.03
9 37 69 335F 36.59 68.79 0.05 1.73 1.73
10 64 65 2773F 64,14 65,29 1.02 0.95 1.40
11 101 76 328F 100,99 76.38 1.00 3.31 3.46
12 112 84 2641F 112.63 83.66 1.10 2,15 2,41
13 139 84 308F 139,83 84.23 0.51 -0,25 0.57
14 134 71 326F 134.18 70.88 0.48 1.39 1.46¢
15 162 66 312F 162.52 65.99 -0.01 -0.94 0.94
16 193 66 285F 192.94 65,51 0.63 ~1.06 1.23
17 183 76 1200F 183.12 76.22 0.43 ~-1.64 1.70
18 192 86 295F 193.4¢6 85.64 0.61 -2.33 2.40
19 224 74 269F 224.38 74.38 -0.08 0.08 0.12
20 230 67 251F 230.67 67.04 ~0.40 0.28 0.49
21 256 65 1163F 256.06 64.65 -1.48 -0.27 1.50
22 269 69 1168F 268.87 69.06 -0.98 0.66 1.19
23 266 85 286F 266.17 84.90 ~1.51 -0.30 1.54
24 278 69 2470F 278.06 68.65 -0.53 1.03 1.16
25 273 58 202F 273.39 57.98 ~-1.56 0.86 1.78
26 88 90 <Not Observed>
27 -118 33 <Not Observed>
28 ~59 33 <Not Observed>
29 -1 33 <Not Observed>
30 58 33 <Not Observed>
31 117 33 <Not Observed>
32 176 33 <Not Observed>
33 235 33 <Not Observed>
34 294 33 <Not Observed>
35 206 80 <Not Observed>
36 -30 80 <Not Observed>
Min: -76.94 57.98 ~1.56 -2.33 0.12
Max: 278.06 88.45 1.10 3.31 3.46
pP-P: 355,00 30.47 2.66 5.64 3.35
Avg: 117.39 13.46 -0.07 0.47 1.33
RMS: 0.82 1.28 1.52
Mount Model Terms
Std Dev Value
Term  arxc sec arc sec Name Formula
01 0.81 -233.65 Azimuth Encoder Offset A=1
02 0.55 979.19 Elevation Encoder Offset =]
03 0.14 8.64 X Axis Tilt A=tEcA;E=-sA
04 0.15 18.92 Y Axis Tilt A=tEsA;E=CcA
05 0.17 99.86 Transverse Misalignment S=1
06 ——— ———— Az-El Non-Orthogonality A=tE
07 ———— —— Sin(Azimuth) in Azimuth A=sA
08 alndadel ———— Cos (Azimuth) in Azimuth A=cA
09 —-—== ———- Sin(Elevation) in Elevation E=gE
10 —— ———— Cos {Elevation) in Elevation E=cCF,
11 1.61 29.22 Flexure E=1/tE

Postfit Residuals

Azim

0.36
0.14
~0.08
-0.79
-0.21
-0.79
0.26
-0.80

-1.18
1.24
2.43

-0.00

0.58

arc sec

Elev
-0.30
0.04
0.12
0.35
-0.13
-0.68
-0.90
0.53
0.28
~0.44
2.61
1.76
-0.25
1.01
-1.10
-1.02
-1.39
-1.81
0.34
0.33
~-0.50
0.41
~-0.15
0.65
0.24

-1.81
2.61
4.42
0.00

0.93

0.70
0.83



0.70
0.69

-1.34
-3.68

Azimuth Encoder Scale
Elevation Encoder Scale

Sin{2*Azimuth) in Azimuth

Cos (2*Azimuth) in Azimuth
Sin(Azimuth) in Elevation
Cos (Azimuth} in Elevation
El sin(Az) in Elevation
El Cos{Az) in Elevation

A=A/1r360
E=E/r360
A=3 (2A)
A=c (2A)
E=sA
E=cA
E=EsA
E=EcA
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