
36-01520.008
ACIS Verification Summary Report

Specification: AXAF Observatory to Science Instrument ICD (IF 1-20)

Requirement Number/Title: 3.2.1.5.1 Location of Fiducial Lights (VRSD 3.2.1.5.1-2)

Requirement Statement: Fiducial light mounting plane shall be maintained perpendicular to the 
HRMA optical axis to within +/- 7 arcmins (final FPSI assembly).
Verification Method: Analysis
Procedure Number: ACIS Ver. Rpt ACIS-110-A-24VR, 36-01503 (SSE14 Data
Submittal), Attachment 1: ACIS Memo ACIS-95-117

Configuration:

ACIS Instrument Mounted in ISIM

Cycle Time: N/A

Verification Discussion/Results:

The flatness variation of the back surface of the focal plane to which the detector was 
aligned is ±0.36 arc minutes per 36-01503 (SSE14 Data Submittal). The height 
variation of the focal plane support standoffs accounts for ±0.73 arc minutes and the 
flatness of the detector housing front surface accounts for ± 1.13 arc minute per 36- 
01503 (SSE14 Data Submittal). If you RRS all of these flatness and build tolerance 
uncertainties then the resulting uncertainty for flatness and build tolerances is ±1.40 
arcminutes. The focal plane back surface will be aligned to within ±0.33 arc minutes 
of the HRMA Optical as has been verified in ACIS Verification Report ACIS-110-A- 
24-VR which gives a total of ±1.73 arcminutes. Thermal distortions of the front 
surface of the detector housing as the ISIM interface goes from room temperature to - 
42°C and the detector housing goes to -60°C will cause a -2.8 arc minute rotation of 
the fiducial lights per Attachment 1. The total uncertainty becomes ±4.53 arcminutes 
which is less than the ±7 arcminute requirement. Therefore, the requirements of 
paragraph 3.2.1.5.1 have been satisfied and no further discussion is required.
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Interoffice Memo LOCKHEED MARTIN /

TO: Rick Foster, MIT

FROM: N. Tice /MMTI

ACIS 95-117 
May 22, 1995

CG L. Oldham/MMTI, E. Sedivy/MMTI, P. Tappan/MMTI

SUBJECT: Fiducial Light Thermal Deflection Analysis

REF 1: Memo # ACIS-94-067, Dec. 23, 1994, ACIS Updated Alignment Thermal
Stability Analysis for the EU Detector Assy.

Introduction

This memo is being written to document the most recent analysis on the fiducial light thermal 
alignment stability. This memo should close out AI-95-012D in the TRW action item list and is 
one part in the overall attempt to resolve the ACIS Fid-light static alignment issue. The analysis is 
required because the fid-light installation and focal plane alignment occur at room temperature. 
Normal operating temperature is -60°C on the camera body and -42°C minimum at the SIM 
interface.

Thermal distortions of the fid light mounting surfaces occur because of the mismatch in the thermal 
coefficients of expansion between titanium collimator and the aluminum camera body. Previous 
results were presented in Reference 1 as input into SSE14. The previous model used plate 
elements and did not include the OBFs and seal retainer which would add stiffness to the fid light 
mounting surface. Plate elements work well for thin cross-sections such as the collimator which is 
.06-. 125" thick, however the camera body is between .5 and .9" thick and 3d brick elements 
provide better accuracy. The new model uses 3d brick elements for the camera body and uses plate 
elements for the OBF, seal retainer, and the collimator. The fiducial light mounting surface 
thickness has been increased to .6 inches from the previously analyzed .5 inch thickness. Since 
the detector is fairly symmetrical about the Z axis the model was cut in half to reduce computing 
time. Figure 1 show the FEA model for camera body with the collimator removed and Figure 2 
shows the FEA model for the entire assembly.

Results

The results of the analysis are shown in table 1 below. Deflections and rotations in this analysis 
compare relatively well with the previous analysis for the conditions analyzed. This analysis 
assumes a -42°C SIM interface temperature and that the camera body is controlled to -60+/-l°C. 
Rotations in Y assuming AXAF coordinates are -2.2 arc minutes for fid lights 1, 2 and 3. For fid 
lights 4 and 5 the rotations about y are -2.8 arc minutes and for fid light 6 the rotation is -0.6 arc 
minutes. Rotations around Z are +/-0.9 arcminutes for fid lights 4 and 5 and less for the others. 
One item to note is that some of the rotation around Y will be compensated for during detector 
assembly alignment as the focal plane is aligned to the optical axis. Since both the focal plane and 
the fiducial lights are mounted to the same surface, the rotation around y term can be reduced. 
Rotation around Y occurs because of non-symmetry of the collimator. In this analysis, the detector 
rotates about 1.4 arcminutes and this amount will be subtracted from the Rot. Y terms in the table 
below as the focal plane is aligned. Fid lights 1-3 would be down to around 0.8 arc minutes in this 
analysis. Some testing of the detector assembly will have to be performed in order to determine the 
actual thermal offsets.
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Table 1-Fiducial Light Translations and Rotations for -42°C SIM and -61°C Camera Body

Delta X 
(inches)

Delta Y 
(inches)

Delta Z 
(inches)

Rot. X 
(arc min)

Rot. Y 
(arc min)

Rot. Z 
(arc min)

Fid. Light 1 0.0072 -0.0030 -0.0074 0.0455 -2.1824 -0.0027
Fid. Light 2 0.0072 0.0030 -0.0074 0.0455 -2.1824 0.0027
Fid. Light 3 0.0070 0.0004 -0.0081 -0.0055 -2.1942 0.0445
Fid. Light 4 0.0083 -0.0071 -0.0014 -0.0228 -2.7945 -0.8585
Fid. Light 5 0.0083 0.0071 -0.0014 -0.0228 -2.7945 0.8585
Fid. Light 6 0.0093 -0.0012 -0.0001 -0.0131 -0.5985 -0.0962

Conclusions

Adding resolution and additional details to the model has reduced the expected rotations of the fid- 
light mounting surface. This analysis assumes a -42°C SIM interface temperature and that the 
camera body is controlled to -60+/-l°C. However, the analysis shows that some rotations can still 
be expected due to the mismatch between the collimator and the camera body. It is my 
recommendation that the fiducial lights not be pre-compensated. The thermal distortion uncertainty 
in Y should be 0 to 2 arcminute and 0 to 1 arcminutes in Z. The thermal movement of the fid 
lights has been bounded by this analysis. Without test data to back up however, I do not 
recommend using the predictions as a way of compensating for the thermal distortions. The other 
recommendation is to use the actual flight camera body for installing and aligning the fiducial 
lights. Thus, mechanical flatness, parallelism, and clocking angle can be removed as a variable 
from the total budget.

If you have any questions about this analysis, feel free to contact me.

Neil W. Tice 
(303) 971-9089 
nwtice@den.mmc.com
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Figure 1-Camera Body FEA Model
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Figure 2-Detector Assembly FEA Model
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