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Specification: ACIS Contract End Item Specification

Requirement Number/Title: 3.2.2.8 Alignment (VRSD 3.2.2.8-1)

Requirement Statement: Static alignment will comply with the Observatory to Science Instrument 
ICD, Paragraph 3.2.1.4.1.2. The rotation and lateral dimensions in this section refer to the spacecraft 
coordinate system.
Verification Method: | Analysis

Procedure Number: Refer to Verification Report “ACIS-110-A-24VR”

Configuration:

Cycle Time:

Verification Discussion/Results:

Previously submitted Verification Report “ACIS-110-A-24VR” provided compliance data for this 
requirement.

In summary, the predictions for static alignment shifts are as follows:

Prediction ICD Requirement

Displacement along X: +/-0.0018 in +/- 0.003 in
Displacement along Y: +/- 0.006 in +/- 0.009 in
Displacement along Z: +/- 0.006 in +/- 0.009 in
Angular Alignment about X: +/- 163 arcsec +/- 600 arcsec
Angular Alignment about Y: +/- 20 arcsec +/- 83.2 arcsec
Angular Alignment about Z: — +/- 20 arcsec +/- 83.2 arcsec

Per the above table in all instances the predictions satisfy the requirements.
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1. INTRODUCTION

1.1 Scope
This document provides a collection of information which results from the implementation 
of the ACIS Verification Plan, 36-01203. It is intended to show that the delivered 
instrument meets a specific set of requirements from the ACIS Power and Thermal-Control 
Structure (PTS) Specification, ACIS-36-02101.

In particular, this report provides the analytical data to support the verification of specific 
PTS Specification requirements. These requirements were assessed to be best verified by a 
analysis. The method selected in the verification of each specific requirement is the method 
which provides the assurance to the program that the requirements have been verified.

The Verification Cross Reference Matrix contained in the ACIS PTS Specification shows 
how each contractual requirement will be verified. The requirements documented herein 
have been designated to be verified by analysis and/or a combination of other verification 
methods.

1.2 Applicable Documents
ACIS Project Documents
36-02101 ACIS Power and Thermal-Control Structure (PTS) Specification

36-01203 ACIS Verification and Calibration Plan

2. METHODOLOGY

2.1 Requirements & Specifications
Verification methods to be used are defined in the verification matrix, compiled as an 
appendix to the ACIS Power and Thermal-Control Structure Specification, 36-02101.

2.2 Verification Descriptions
Summary level descriptions of each verification activity are located in the ACIS Verification 
Plan, 36-01203 and the ACIS Power and Thermal-Control Structure Specification, 36- 
02101. The specific definitions for this report are as follows:

2.2.1 Analysis Definition
Analysis is a method of verification, taking the form of the processing and accumulated 
results and conclusions, intended to provide proof that verification of a requirement(s) has 
been accomplished. The analytical results may be based on engineering study, compilation 
or interpretation of existing information, similarity to previously verified requirements, or 
derived from lower level examinations, tests, demonstrations, or analyses. Verification by 
analysis is a process used in lieu of or in addition to testing to verify compliance with 
specification requirements. The selected techniques may include systems engineering 
analysis, statistics and qualitative analysis, computer and hardware simulations, and analog 
modeling. Analytical techniques may be used in lieu of tests for such things as life, 
storage, failure analysis, safety, interchangeability, and some other performance 
requirements which cannot be verified by test.
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3. ANALYSIS

3.1 Applicable Requirements
Requirement Requirement 
Reference

1. 3.2.1.5.1 Focal Plane Alignment and Knowledge Performance Requirements
The Power and Thermal-Control Structure shall provide a structural housing that maintains 
alignment of the focal plane sensors during exposure to the mission environments. The 
Coordinate Reference for the focal plane is specified in paragraph 3.3.10, herein.

2. 3.2.1.5.1.1 Detector Assembly Alignment Registration
The Power and Thermal-Control Structure shall provide optical reference mirrors on the 
housing surface that are viewable from the (+X) direction of the instrument with the optical 
blocking filter installed and the Detector Assembly door closed. Mirror locations are 
illustrated in Figure 3.2.1.5.1.1-1.

Figure 3.2.1.5.1.1-1 CCD Active Area and Reference Mirror Locations

3. 3.2.1.5.1.2 Focal Plane Alignment Knowledge
The Power and Thermal-Control Structure optical reference surfaces shall provide static 
alignment knowledge transferred from the focal plane reference mirror and designated 
reference mark(s) to the housing within the following tolerances:

Tx = + .001 in. 0xx = + 60 arcsec
Ty = ± .002 in. 0yy = ± 10 arcsec
Tz = + .002 in. 0zz = + 10 arcsec

4. 3.2.1.5.1.3 Position
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The Power and Thermal-Control Structure shall position the CCD focal plane such that, 
when the position of the focal plane is nominal with respect to the Detector Housing 
mounting surface and the SIM is positioned at nominal for ACIS operation, the CCD focal 
plane will be at the nominal surface for receipt of best-focused x-ray energy when the focal 
plane and the Detector Housing are within the operating temperature range specified in 
section 3.2.7.1.2.
This set of conditions will subsequently be referred to as nominal mounting. CCD focal 
plane locations are illustrated in Figure 3.2.I.5.1.3-1. The following defines the allocation 
of the tolerances, as specified in ACIS CEI Specification, ACIS-36-01101, Section 
3.2.2.8, to the Detector Housing: 
i) Focal Plane Alignment

With nominal mounting, the prelaunch static position and orientation plus launch 
environment induced movement and after correction for thermal contraction during 
cooling from ambient changes of Detector Housing position will not cause the CCD 
focal plane to deviate from the nominal prescribed surface for receipt of best-focused x- 
ray energy by more than:

ii) Short and Long-Term Stability
With nominal mounting, the relative position and orientation of the CCD focal plane 
will not change, excluding the 8 hour period around perigee, by more than:

This specification on the Detector Housing orientation limits cumulative relative errors from 
all sources, including, but not limited to launch shifts, thermal expansion when the detector 
is within the operating range specified in section 3.2.1.4 and long-term drifts.

Tx = ±0.002 in. 
Ty = ±0.007 in. 
Tz = ±0.007 in.

0xx = ± 424 arcsec 
0yy = ±60 arcsec 
0zz = ±60 arcsec

Tx = +0.0012 in. 
Ty = ±0.002 in. 
Tz = ±0.002 in.

0xx = ±15O arcsec 
0yy = ±6.0 arcsec 
0zz =±6.0 arcsec
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ACIS CAMERA fid locations
version 6 CCD iocs Note: This figure is for illustration only.
22Sept95 Not to scale. Dimensions in Millimeters

Figure 3.2.1.5.1.3-1 CCD and Fiducial Light Locations 
(Coordinates indicate millimeters from origin.)

5. 3.2.1.5.1.4e Focal Plane Knowledge
Power and Thermal-Control Structure design shall not preclude any combination of 
activated fiducial lights.

6. 3.2.1.5.1.4f Focal Plane Knowledge
The Power and Thermal-Control Structure shall locate the fiducial light beams so as not 
irradiate any surface of the Detector Assembly or the Collimator.

7. 3.2.1.5.1.4g Focal Plane Knowledge
The Power and Thermal-Control Structure shall be compatible with the fiducial light 
physical characteristics in accordance with Table 3.2.1.5.1.4-1.
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Table 3.2.1.5.1.4-1 Fiducial Light Physical Characteristics

Item*
0clk
(deg)
±5°C

0tilt
(deg)

0zero
(deg)

Size & Weight Power
(watts)

Power
Dissipation

(watts)

Fiducial Light #1 145.63 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #2 -147.82 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #3 180.0 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #4 73.88 0.6 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #5 -71.74 0.6 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #6 15.88 0.4 1.2833 TRW Dwg 822022 <0.050 <0.040

Fiducial Light 
Controller to ACIS 

Connector

N/A N/A N/A 15 Pin 
Cannon D

N/A N/A

Fiducial Light Pigtails 
to ACIS Connectors

N/A N/A N/A 24 Inches N/A N/A

8. 3.2.1.5.1.4i Focal Plane Knowledge
The Detector Assembly shall provide mounting locations for the fiducial lights on the 
Detector Housing surface that are viewable from the (+X) direction of the instrument with 
the Detector Assembly aperture door open. Mounting locations are illustrated in Figure 
3.2.1.5.1.3-1.

9. 3.2.1.5.4 k Power and Thermal-Control Structure Structures
Allow removal and remounting of the detector assembly without loss of alignment.

10. 3.2.2.1b Size and Configuration
Per the alignment tolerances specified in paragraph 3.2.1.5.1.3, the focal plane mounting 
surface shall provide a mounting site for the focal plane which will permit the focal plane to
be positioned 14.000 ±0.0005 inches below the top of the detector housing mounting 
surface when the detector housing is at a nominal operating temperature of -60°C and the 
focal plane is at -120 °C.

3.2 Analytical Discussion

The Power and Thermal-Control Structure Alignment analyses are provided for review and 
comment per contractual data requirement the analysis is attached in appendix A.

Requirement Requirement
Reference

1. 3.2.1.5.1 Focal Plane Alignment and Knowledge Performance Requirements
The Power and Thermal-Control Structure shall provide a structural housing that maintains 
alignment of the focal plane sensors during exposure to the mission environments. The 
Coordinate Reference for the focal plane is specified in paragraph 3.3.10, herein.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to maintain 
the alignment of the focal plane sensors. All mechanical interfaces use either shear pins or 
tight fitting seats which maintain alignment during thermal and vibration/acoustic 
environments. Analysis has been performed for all bolted interfaces and the static alignment 
uncertainties are included in the AXAF Alignment Report (SSE14). Table 5 of that 
document has been included in Appendix A on page A-10. Final alignment measurements
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of the CCDs on the focal plane are made relative to the Alignment Reference Mirrors which 
become the permanent reference to the actual focal plane position since the focal plane is not 
visible even with the door open. This discussion verifies compliance with paragraph
3.2.1.5.1 of the PTS Specification, no further action is required.

2. 3.2.1.5.1.1 Detector Assembly Alignment Registration
The Power and Thermal-Control Structure shall provide optical reference mirrors on the 
housing surface that are viewable from the (+X) direction of the instrument with the optical 
blocking-filter installed and the Detector Assembly door closed. Mirror locations are 
illustrated in Figure 3.2.1.5.1.1-1.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to accept 
and mount optical reference mirrors as specified. The nominal positions of the mirrors 
have been verified by analysis and by inspection of the hardware and are in the nominal 
location specified in the ICD. A tolerance analysis would produce a circular area around 
the nominal location in which the fiducial marks on the mirrors would be located.
However, absolute location is not required since the intent of the mirrors is to provide a 
reference point for mapping the location of each of the CCDs so that aim points can be 
chosen. With this knowledge, the mirrors can be located at the ISIM installation level to 
put the focal plane at the proper aim point. The requirement that the Alignment Reference 
Mirrors be visible from the Optical Bench (+X) side of the instrument with the door closed 
and the Optical Blocking Filters installed has been met. This discussion verifies 
compliance with paragraph 3.2.1.5.1.1 of the PTS Specification, no further action is 
required.

3. 3.2.1.5.1.2 Focal Plane Alignment Knowledge
The Power and Thermal-Control Structure optical reference surfaces shall provide static 
alignment knowledge transferred from the focal plane reference mirror and designated 
reference mark(s) to the housing within the following tolerances:

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to allow 
for transfer of the static alignment of the focal plane to the optical reference mirrors per the 
specified tolerances. The optical instruments which will be used by MIT are capable of 
transferring the location of die focal plane to significantly better than the requirements listed 
above. The mirrors are optically flat and mechanically fastened to prevent any movement 
or alignment errors when tested at 68°F + 2°F. There is nothing in the design of the 
Alignment Reference Mirrors and mirror mounts which would prohibit these requirements 
from being met. This discussion verifies compliance with paragraph 3.2.1.5.1.2 of the 
PTS Specification, no further action is required.

4. 3.2.1.5.1.3 Position
The Power and Thermal-Control Structure shall position the CCD focal plane such that, 
when the position of the focal plane is nominal with respect to the Detector Housing 
mounting surface and the SIM is positioned at nominal for ACIS operation, the CCD focal 
plane will be at the nominal surface for receipt of best-focused x-ray energy when the focal 
plane and the Detector Housing are within the operating temperature range specified in 
section 3.2.7.1.2.

Tx = + .001 in. 
Ty = ± .002 in. 
Tz = + .002 in.

0xx = + 60 arcsec 
0yy = + 10 arcsec 
0zz = + 10 arcsec

Detctor Housing Alignment Analysis Report Rev NEW
Page 7ACIS-110-A-24VR



This set of conditions will subsequently be referred to as nominal mounting. CCD focal 
plane locations are illustrated in Figure 3.2.1.5.1.3-1. The following defines the allocation 
of the tolerances, as specified in ACIS CEI Specification, ACIS-36-01101, Section 
3.2.2.8, to the Detector Housing:

i) Focal Plane Alignment
With nominal mounting, the prelaunch static position and orientation plus launch 
environment induced movement and after correction for thermal contraction during 
cooling from ambient changes of Detector Housing position will not cause the CCD 
focal plane to deviate from the nominal prescribed surface for receipt of best-focused x- 
ray energy by more than:

Tx = ±0.002 in. 0xx = ± 424 arcsec
Ty = +0.007 in. 0yy = +60 arcsec
Tz = +0.007 in. 0zz = +60 arcsec

This specification on the Detector Housing orientation limits cumulative relative errors from 
all sources, including, but not limited to launch shifts, thermal expansion when the detector 
is within the operating range specified in section 3.2.1.4 and long-term drifts.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to maintain 
the alignment of the focal plane sensors. This information has been provided previously 
per SSE14 data submittals Table 5 (Appendix A-10), and ACIS Memo ACIS-94-067 dated 
12/23/94 which have been included in Appendix A on page A-2. The predictions for static 
alignment shifts are summarized below (requirements in parentheses) and include all 
contributions except for Focal Plane Variation. This discussion verifies compliance with 
paragraph 3.2.1.5.1.3 section i of the PTS Specification, no further action is required.

Tx = ±0.0018 in. (±0.002) 0xx = ± 163 arcsec (± 424 arcsec)
Ty = ±0.006 in. (±0.007) 0yy = ± 20 arcsec (± 60 arcsec)
Tz = ±0.006 in. (±0.007) 0zz = ± 20 arcsec (± 60 arcsec)

ii) Short and Long-Term Stability
With nominal mounting, the relative position and orientation of the CCD focal plane 
will not change, excluding the 8 hour period around perigee, by more than:

Tx = ±0.0012 in. 0xx = ±150 arcsec
Ty = ±0.002 in. 0yy = ±6.0 arcsec
Tz = ±0.002 in. 0zz = ±6.0 arcsec

This specification on the Detector Housing orientation limits cumulative relative errors from 
all sources, including, but not limited to launch shifts, thermal expansion when the detector 
is within the operating range specified in section 3.2.1.4 and long-term drifts.

DISCUSSION

The Power and Thermal-Control Structure Detector Housing has been designed to maintain 
the alignment of the focal plane sensors. This information has been provided previously 
per SSE14 data submittals Table 5 (included in Appendix A page A-10), and ACIS Memo 
ACIS-94-067 dated 12/23/94 (included in Appendix A page A-2). The predictions for 
static alignment shifts are summarized below (requirements in parentheses) and include all
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contributions except for Focal Plane Variation. This discussion verifies compliance with 
paragraph 3.2.1.5.1.3 section ii of the PTS Specification, no further action is required.

5. 3.2.1.5.1.4e Focal Plane Knowledge
Power and Thermal-Control Structure design shall not preclude any combination of 
activated fiducial lights.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to maintain 
the alignment of the focal plane sensors without being affected by the combination of 
activated fiducial lights. As shown in ACIS Memo ACIS-1994-013 which is included in 
Appendix A on page A-11, all fiducial light combinations have been analyzed and meet the 
requirements specified for fiducial light aim point determination using worst case 
combinations of thermal control stability of die detector housing and focal plane. Therefore 
the design of the ACIS detector housing does not preclude any combination of Fiducial 
lights. This discussion verifies compliance with paragraph 3.2.1.5.1.4e of the PTS 
Specification, no further action is required.

6. 3.2.1.5.1.4f Focal Plane Knowledge
The Power and Thermal-Control Structure shall locate the fiducial light beams so as not 
irradiate any surface of the Detector Assembly or the Collimator.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to place the 
fiducial lights so as not irradiate any surface of the Detector Assembly or the Collimator. 
Using a 3D solid modeling package of the detector and of the fid light “stay out” zones 
specified in TRW Interoffice Correspondence AXAF.94.220.026 dated 5/9/1994, no fid 
light full intensity beams interfere with any FPSI structure using worst case tolerance 
stackups as shown in Figure 1 and 2 in Appendix A on page A-14 and A-15 . This 
discussion verifies compliance with paragraph 3.2.1.5.1.4f of the PTS Specification, no 
further action is required.

7. 3.2.1.5.1.4g Focal Plane Knowledge
The Power and Thermal-Control Structure shall be compatible with the fiducial light 
physical characteristics in accordance with Table 3.2.1.5.1.4-1.

Tx = 0.0008 in. (±0.0012 in.) 
Ty = 0.0001 in.(±0.002 in.) 
Tz = 0.0001 in. (±0.002 in.)

0xx = 0.84 arcsec (±150 arcsec) 
0yy = 2.40 arcsec (±6.0 arcsec) 
0zz = 1.20 arcsec (±6.0 arcsec)
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Table 3.2.I.5.1.4-1 Fiducial Light Physical Characteristics

Item*
0clk
(deg)
±5°C

Otilt
(deg)

0zero
(deg)

Size & Weight Power
(watts)

Power
Dissipation

(watts)

Fiducial Light #1 145.63 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #2 -147.82 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #3 180.0 0.45 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #4 73.88 0.6 1.2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #5 -71.74 0.6 1,2833 TRW Dwg 822022 <0.050 <0.040
Fiducial Light #6 15.88 0.4 1.2833 TRW Dwg 822022 <0.050 <0.040

Fiducial Light 
Controller to ACIS 

Connector

N/A N/A N/A 15 Pin 
Cannon D

N/A N/A

Fiducial Light Pigtails 
to ACIS Connectors

N/A N/A N/A 24 Inches N/A N/A

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed 
accommodate the fid lights and their physical characteristics specified in Table 3.2.1.5.1.4- 
1. Table 2 in Appendix A on page A-15 shows the measured angular locations of each bolt 
pattern relative to the nominal focal plane locations defined by the focal plane standoff seats 
in the housing. The Worst case deviation from 0clk specified above is Fid Light # 3 
which is .13 degrees off of nominal which easily meets the + 5 degree requirement. 
Columns 3 and 4 in Table 3.2.1.5.1.4-1 were accounted for in requirement 6 above for 
which the detector housing is compatible and meets all requirements. The weight and 
power have also been accounted for in the stress and thermal analysis data submittals 
(SSE03) and show that all margins are positive. This discussion verifies compliance with 
paragraph 3.2.1.5.1.4g of the PTS Specification, no further action is required.

8. 3.2.1.5.1.4i Focal Plane Knowledge
The Detector Assembly shall provide mounting locations for the fiducial lights on the 
Detector Housing surface that are viewable from the (+X) direction of the instrument with 
the Detector Assembly aperture door open. Mounting locations are illustrated in Figure 
3.2.1.5.1.3-1.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to place the 
fiducial lights in the Detector Assembly to the specified criteria. As also discussed in 
requirements 6 and 7 above, the fiducial lights have been located in the nominal position 
specified in Figure 3.2.1.5.1.3-1 and are viewable from the +X direction with the detector 
aperture door open. Actual locations of the fiducial lights relative to the focal plane nominal 
location are shown in Table 2 of Appendix A on page A-10 and ACIS memorandum ACIS- 
96-01 also in Appendix A on page A-18. The worst case fiducial lights are off by 0.0007 
inches in X, 0.0007 inches in Y, and 0.0014 inches in Z. This is well within the alignment 
requirements specified for focal plane location in Requirement 4 above. This discussion 
verifies compliance with paragraph 3.2.1.5.1.4i of the PTS Specification, no further action 
is required.

9. 3.2.1.5.4 k Power and Thermal-Control Structure Structures
Allow removal and remounting of the detector assembly without loss of alignment.
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DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to allow 
the removal of the Detector Assembly with a minimum loss of alignment. All mechanical 
interfaces use either shear pins or tight fitting seats which maintain alignment assembly 
and/or re-assembly. Tight Fitting Shear pins between the camera body and collimator 
allow re-assembly of the hardware at the same location as the previous alignment. The 
focal plane support standoffs were designed with tight fitting seats which allow for re
assembly of the focal plane in the same location as previous installations. Conversely, 
shims between the Collimator and ISIM translation table also allow removal and 
replacement with minimal re-alignment required since they also have shear pins. This 
discussion verifies compliance with paragraph 3.2.1.5.4k of the PTS Specification, no 
further action is required.

10. 3.2.2.1b Size and Configuration
Per the alignment tolerances specified in paragraph 3.2.1.5.1.3, the focal plane mounting 
surface shall provide a mounting site for the focal plane which will permit the focal plane to
be positioned 14.000 +0.0005 inches below the top of the detector housing mounting 
surface when the detector housing is at a nominal operating temperature of -60°C and the 
focal plane is at -120 °C.

DISCUSSION
The Power and Thermal-Control Structure Detector Housing has been designed to align the 
focal plane with respect to the top of the Detector Housing mounting plane/ISIM interface 
to the specified distance. This information has been provided previously per SSE14 data 
submittals and Table 5 of that document has been included in Appendix A. The detector 
has been designed to meet the requirements specified above by controlling the temperature 
of the detector housing to -60+ldC and the focal plane to -120+1°C. Memo ACIS-94-067 
on page A-2 in Appendix A shows that the focal plane can be positioned at 14.000+0.0001 
inches meeting the requirement of 14.000+0.0005 assuming that the SIM interface is held 
at the nominal predicted temperature of -15°C. This discussion verifies compliance with 
paragraph 3.2.2.1b of the PTS Specification, no further action is required.
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Appendix A

DH Alignment Analysis
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DATE: Dec. 23,1994
MEMO NO.: ACIS-94-067

TO: Phil Gray DISK FILE: ACIS-94-067

FROM: Neil Tice

SUBJECT: ACIS Updated Alignment Thermal Stability Analysis for EU Detector Assy

CC: E. Sedivy/MMA, G. Lang/MMA, D. Dooley/BECD, R. Foster/MIT, J.
Donaghy/TRW, N. Cummings/MSFC, J. Sharp/MSFC

i

Ref: ACIS Thermal Interfaces for CM07a; Interoffice Memo ACIS-94-063A;
Written by Neil Tice.

Introduction

This memo was written to document and thermal deflection analysis performed on ACIS EU 
Detector Assembly. The analysis uses the most recent boundary condition data from BECD 
and the most recent engineering drawings in creating the models. Algor Supersap version 
11.06 was used to create the finite element models. SINDA85 Version P2.3A was used to 
predict element temperatures for each thermal boundary condition. The intent of this 
analysis was to update the current predictions for thermal stability and shifts to be input into 
DR SSE14 which is entitled ACIS AXAF Alignment Inputs. This analysis accounts for one 
column in the alignment report for static thermal shifts from ground alignment to on-orbit 
and then for dynamic shifts during the 5 year mission life as thermal boundary conditions 
change. Due to the extreme differences in temperature to which the ACIS must be exposed, 
thermal shifts should be expected and are not insignificant.

Analysis Assumptions

Figures 1-3 show the finite element models which were used in the analysis. The granularity 
of each model is sufficient to predict the thermal shifts and the magnitudes of deflections 
and rotations have been verified using SDRC IDEAS. The inaccuracies which will occur are 
due to uncertainty in material properties and thermal interface conductances. The material 
properties which were assumed for this analysis are shown in Table 1.

Table 1-Material Properties

Material

Thermal Coef. 
of Expansion 
(in./in./deg. F)

Modulus of 
Elastisity 

(psi)

Thermal 
Conductivity 

(Btu/hr/ft/deg. F)

Torlon 4203L 1.70E-05 7.00E+05 0.14
Beryllium 4.32E-06 3.80E+07 261

Titanium 6AL-4V 4.60E-06 1.65E+07 3.7
Aluminum 6061-T6 1.22E-05 1.00E+07 80
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Figure 2-Aluminum Camera Body Algor Finite Element Model



figure 3-Beryllium Focal Plane and Torlon Standoffs
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V

"igure 4-Dithered Plot of X Direction Deflection for SIM at -42 C and Camera at -60 C

X-Direction



Static Alignment to On-Orbit
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The thermal shifts from ground alignment to on-orbit are the biggest contributor to the ACIS 
static alignment shifts. Thermal shifts can be predicted based on knowledge of the 
translation table interface temperature and conductance. The camera body and the focal 
plane are both temperature controlled to +/-1 Deg. C of their setpoint which is -60 C for the 
camera body and -120 C for the focal plane. On the other hand, the translation table 
interface for the ACIS can very between -30 C and 0 C under normal operating conditions. 
When the HRC is in viewing position, this interface can get down to -42 C. Because of this 
temperature swing, the static alignment X direction (focus) allocation of +/- .0005 inches is 
impossible to achieve. Figure 4 shows a dithered plot of X-direction deflection with the 
SIM at -42 C and the camera body at -60 C. During ground alignment the ACIS can be 
offset using shims to a nominal position which for this analysis will be assumed to be a -15 
C translation table interface temperature. Due to the non-symmetrical design of the 
collimator, rotations about Y can be expected as well, which can also be compensated for. A 
4 C gradient in the Y direction and a 2 degree gradient in the Z direction was be assumed. 
Plus or minus 15 C will be assumed for the thermal shift tolerance band. Table 2 lists the 
predicted on orbit alignment variation thermal shifts. Figure 5 shows the shift in focal plane 
focus position as a function of SIM interface Temperature. Figure 6 shows the change in 
focal plane rotation about Y as a function of SIM interface temperature.

Table 2-Static Alignment Thermal Shift Tolerance

Analysis Condition Delta X 
(inches)

Delta Y 
(inches)

Delta Z 
(inches)

Theta X 
(arc sec)

Theta Y 
(arc sec)

Theta Z 
(arc sec)

Delta in FP position for 15 +/-15 C SIM 0.0008 0.0000 -0.0002 0.71 1.44 0.83
+/-1 C on camera body 0.0001 0.0000 0.0000 0.02 0.05 0.03
+/-1 C on FP 0.0000 0.0000 0.0000 0.02 0.13 0.00

Total Thermal shift Tolerance (+/-) 0.0009 0.0000 0.0002 0.75 1.62 0.86

Figure 5-Focal Plane Focus Change as a Function of SIM Temperature

ACIS FOCAL SURFACE AS A FUNCTION OF SIM TEMPERA1URE

SHIMS GROUND TO -15 C SM TEMPERATURE

SIM TEMP (DEG. C)

4-S"



Figure 6-Focal Plane Theta Y Change as a Function of SIM Temperature
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ACIS FOCAL SURFACE Y ROTATION AS A FUNCTION OF SIM TEMP. 

SHIMS GROUND TO-15C SIM TEMPERATURE

-40.0000 -50.0000 -40.0000 -30.0000 -20.0000 -10.0000 0.0000

SIM TEMP (DEG. C)

Dynamic Alignment up to 48 hours

The worst case dynamic shift occurs when the ACIS moves into the viewing position. 
During the first 42 hours, the translation table interface temperature will increase by 12 Deg. 
C. Therefore, a peak to peak shift in focus will occur during this transition. The results of a 
12 degree shift in the interface temperature are shown in Table 3. In the previous analysis, 
both delta X and theta Y predictions exceeded the stability requirements. In this analysis, 
only the delta X requirement is exceeded. The previous analysis was very conservative 
since the design was very preliminary at the time. This analysis takes into account that the 
rotations of the focal plane relative to the housing are actually in the opposite direction 
reducing the total rotation. There is currently more confidence in the mechanical and 
thermal design of the ACIS Detector Assembly and some conservatism can be taken out. 
Also shown on this table are the +/- 1 C tolerance bands for thermal control of the focal 
plane and housing which must be added to the 12 C peak to peak transient. The total 
dynamic translations and rotations are shown in the bottom row of the table.

Table 3-Rotational and Translational Changes in ACIS Focal Plane for 12 C Increase in SIM

Analysis Condition Delta X 
(inches)

Delta Y 
(inches)

Delta Z 
(inches)

Theta X 
(arc sec)

Theta Y 
(arc sec)

Theta Z 
(arc sec)

Delta in FP position for 12 deg C change 0.0006 0.0000 -0.0001 0.57 1.16 0.67
+/-1 C on camera body 0.0000 0.0000 0.0000 0.02 0.04 0.02
+/-1 C on FP 0.0000 0.0000 0.0000 0.01 0.10 0.00
Total Thermal shift Tolerance (+/-) 0.0007 0.0000 -0.0001 0.60 1.30 0.69

Pt-b



Fiducial Light Thermal Shifts
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Deflected Plots of the top surface of the camera body show that this surface does not remain 
flat as the SIM, camera body, and collimator cool down to their normal operating 
temperature from initial room temperature alignment. This distortion is caused by the 
mismatch in Thermal Coefficient of Expansion between the camera body and collimator and 
the thermal gradients across the collimator. Figure 7 shows the exaggerated plot of the top 
surface of the camera body at -60 C. This thermal distortion causes rotations of the the 
fiducial light beams outward from their room temperature position. The magnitude of these 
deflections and rotations is shown in Table 4 for the nominal on-orbit SIM temperature of 
-15 C with the camera body at -60 C for each fiducial light location. The rotations shown 
for each fiducial light must be added to the expected mechanical misalignment of the 
fiducial lights relative to the optical axis. Table 5 shows the total shift between -42 C and 0 
C, which is the expected operating range for the translation table interface.

Table 4-Thermal Shift of Fiducial Light Mounting Surface

Total movement Room Temp, 
to Normal Operation

Delta X 
(inches)

Delta Y 
(inches)

Delta Z 
(inches)

Theta X 
(arc sec)

Theta Y 
(arc sec)

Theta Z 
(arc sec)

Vector

FID LIGHT 1 0.004739 0.0022 -0.0071 2.9 -157.89 -54.96 167.18
FID LIGHT 2 0.004692 -0.0028 -0.0073 4.8 -157.01 68.67 171.37
FID LIGHT 3 0.004846 0.0009 -0.0071 4.8 * -154.32 0.05 154.32
HD LIGHT 4 0.005933 0.0061 -0.0023 4.8 1.30 -182.30 182.31
HD LIGHT 5 0.006004 -0.0059 -0.0022 4.8 -5.11 179.10 179.17
FID LIGHT 6 0.007775 0.0007 -0.0010 4.8 -40.21 -24.59 47.13

4'7



Table 5-Thermal Shift of Fiducial Light Mounting Surface for -42 to 0 C Sim
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Delta -42 to 0 C for SIM Delta X 
(inches)

Delta Y 
(inches)

Delta Z 
(inches)

Theta X 
(arc sec)

Theta Y 
(arc sec)

Theta Z 
(arc sec)

Vector

FID LIGHT 1 0.002177 -0.000029 -0.000576 1.914353 14.39 1.88 14.51
FID LIGHT 2 0.002191 -0.000068 -0.000539 0.000000 14.62 -4.69 15.36
FID LIGHT 3 0.002175 -0.000039 -0.000570 0.000000 13.82 -0.92 13.85
FID LIGHT 4 0.002038 0.000006 -0.000531 0.000000 0.75 4.15 4.22
FID LIGHT 5 0.002081 -0.000045 -0.000465 0.000000 -0.21 -7.27 7.28
FID LIGHT 6 0.002031 -0.000009 -0.000487 0.000000 2.48 -0.70 2.58

Figure 7-Distorted Plot of Top Surface of Camera



Heater Requirements on Collimator to Maintain Isothermal Interface
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One way to improve the alignment stability of the ACIS is to regulate the temperature of the 
collimator mounting feet using heaters. This is just on input to an overall trade study on 
whether heaters are required to maintain the thermal stability of the ACIS. The intent of this 
analysis was to determine the maximum heater requirements required to keep the collimator 
mounting feet at -5 C. The results show that for cold case conditions, 8 Watts would be 
required for a -42 C SIM interface.

Summary

This analysis has predicted the thermal shifts for the camera body, focal plane mounting 
points, and the fiducial lights mounting locations over the expected operating temperature 
range for the SIM. The results of this analysis can be input into DR-SSE14 which is the 
ACIS AXAF Alignment Input CDRL. If you have any questions, feel free to contact me.

Neil W. Tice
ACIS Thermal Mechanical Lead 
(303) 971-9089

4-9



Table 5 ACIS Alignment Budget (R0.02)

o t* er o
a p 0 0 >3 HV. c o H O H

*a oa p 0 B ►3H a Q P 0 > M Ho 3 c p* Qi H W »
« a aH 0Q

v.
H- $ > Hi a t* oa H Ol0 n H Hi P* 0 p* aft 0 H- 0 P 0 H* a aH- H C 0 Hi 0 Hi o o H0 H- p rr ft ft ft a • O
P 0* • a a 0 m * a\ O

STATIC (G operating temperature)

Ax(in.) 0.0012 0.0010 0.0010 0.0002 0.0001 0.0005 0.0009 0.0026 0.0250 0.0030

Ay (in.) 0.0026 0.0020 0.0020 0.0005 0.0010 0.0005 0.0000 0.0048 0.0080 0.0090

Az (in.) 0.0026 0.0020 0.0020 0.0005 0.0010 0.0005 0.0002 0.0048 0.0250 0.0090

0X (arc s&in) 1.83 1.83 1.83 0.67 0.50 0.08 0.01 3.93 10.00 10.00

«Y (arc min) 0.15 0.15 0.15 0.17 0.17 0.08 0.03 0.44 1.50 1.39

02 (arc ain) 0.15 0.15 0.15 0.17 0.17 0.08 0.01 0.44 1.50 1.39

LONG TERM
Ax (in.) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0007 0.0008 0.0015 0.0010

Ay (in.) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0020 0.0020

Az (in.) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 0.0020 0.0020

0X (arc sec) : 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.72 150.00 150.00

®y (arc sec) 0.00 0.00 0.00 0.00 0.00 0.00 1.30 1.56 14.00 6.84

0Z (arc sec) 0.00 0.00 0.00 0.00 0.00 0.00 0.69 0.83 3.50 6.84

SHORT TERM (less than 20 seconds)

Ax (in.) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00050 -

Ay (in.) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00009 -
Az (in.) 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00001 0.00001 0.00009 -
0X (arc sec) 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.12 5.00 -

ay (arc sec) 0.00 0.00 0.00 0.00 0.00 0.00 0.70 0.84 3.50 -
0Z (arc sec) 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.36 3.50

Error Budget Revision History 

R0.01 Initial Release

R0.02 Change static theta y & theta z per Pete Tappan from .02 & .12 to .15 arcmin. 
Incorporated Thermal Shift changes per N. Tice Memo ACIS-94-067. 
Incorporated A1 Pilsbury’s estimates (e-mail 1-9-95).
Assumed that LL ability to measure static rotation is comparable to CSR.
FP variation stability numbers have not been calculated yet

TabU |
36-01503-03 AXAF Alignment Inputs Rev 03

A - lo
Page 10



Program Memo

Page 1 
Mar. 14,1994

TO:

FROM:

SUBJECT:

CC:

DATE: 
MEMO NO.:

Phil Gray DISK FILE:

Neil Tice EXT:

ACIS-Fiducial Light Location and Analysis Close-out 

G. Lang, E. Sedivy, B. Kast, B. Cunningham, R. Simon

Mon, Mar 14,1994 
ACIS-1994-013 

ACIS_fid_anal2

1-9089 M/S: B0560

Introduction

This memo is being written to document the current fiducial light locations based on the new focal plane 
layout received from Penn. State University (Version 5). This memo is similar to one presented on 12/2/93 
and documents the current fid light locations with the imaging and spectrometer arrays moved apart by 8 
mm. The thermal movements of 3 aim points on the imaging array and 3 aim points on the spectrometer 
array have been analyzed relative to the centroid of 7 different fiducial light configurations. Only the worst 
case aim point location and fiducial light combination is discussed in this memo. Figure 1 shows the current 
fiducial light locations based on the PSU analysis. This analysis shows that the +/- .030 arc sec 
requirement for thermal stability can be met

Analysis

The analysis was performed using the predicted temperatures from the current ACIS thermal math model for 
each of the fiducial light locations and focal plane aim points and calculating the thermal movement for each 
relative to the mounting center for the focal plane support paddle in an Excel spreadsheet. The camera 
housing was assumed to be aluminum and the focal plane support paddle was assumed to be beryllium. 
Beryllium is a good choice since its Coefficient of Thermal Expansion (CTE) is half that of aluminum. The 
focal plane and camera housing were assumed to be controlled to -120+/-1°C and -60+/-l°C, respectively. 
The analysis was ran for 10 hours to make sure that the worst case conditions occur between the focal plane 
and camera housing since the heater control circuits have different time constants.

Seven different fiducial light combinations were analyzed per a fax from TRW on 11/17/93. The thermal 
movements of the center of gravity (CG) of each fiducial light configuration was calculated by averaging the 
Y and Z movements of each of the 3 fiducial lights assuming the focal plane mounting center point remains 
fixed. The thermal movement of the aim points was calculated in the same manner. Table 1 shows each of 
the configurations shown by TRW.

The effects of earth albedo and Infrared (IR) heating at perigee were not analyzed. The +/-.030 arc second 
thermal stability requirement will be exceeded during this time period. However, ACIS will not be operating 
in the +/- 4 hour time period around perigee because the excessive electron and proton radiation levels. The 
temperatures will be back under the control of the heater control circuitry by the time ACIS begins normal 
operations.

Results

Figures 2 show the analysis results for the worst case aimpoints on the Imaging array with fid lights 1,2 and 
6. The figure is created by calculating the thermal movements of each fid light relative to aim points A, B, 
and C from Figure 1. The worst case errors occur when both heater control circuits are at their max or min 
limit simultaneously. For clarity, only the worst case 2 hour period was plotted where the peak relative 
deflections between the focal plane and camera housing occur simultaneously resulting in a +.030 micro inch 
difference. It should be noted that since the focal plane and camera housing have different time constants, 
the relative deflections could be at a minimum of-.030 micro inch at a different time in the orbit. Therefore
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Sheetl

--------------------------— .................... ........ ...................I..__.......................................

Nominal Locations of Fid Li<
....................... 1 ..

jhts Taken off Prints
-------------------------------------------- ------------- ------- ---------------------

—--------------------- --------- -

Center Center -Y Bolt -Y Bolt +Y Bolt +Y Bolt +Y Bolt dist. between Angle Recalc.
Fid Light # Y location Z location Angle Y location 

(inches)
Z location Angle Y location Z location bolts (Bolt Angles)

(inches) (inches) (degrees) (inches) (degrees) (inches) (inches) (inches) (degrees)
1 3.2200 6.3700 -145.6300 2.9270 6.1696 -145.6300 3.5130 6.5704 0.7100 -145.6298
2 6.4880 6.3700 147.8200 6.1875 6.5591 147.8200 6.7885 6.1809 0.7100 147.8198
3 4.9220 6.6200 0.0000 5.2770 6.6200 0.0000 4.5670 6.6200 0.7100 0.0000
4 0.8670 2.7090 -73.8800 0.9656 2.3680 -73.8800 0.7684 3.0500 0.7100 -73.8800
5 8.5000 2.7000 71.7400 8.6112 3.0371 71.7400 8.3888 2.3629 0.7100 71.7400
6 4.2360 1.4660 -15.8800 4.5775 1.3689 -15.8800 3.8945 1.5631 0.7100 -15.8800

— — -------------------------------- ---------

Dimensional Measurements From Flight Housing

Center Center -Y Bolt -Y Bolt -Y Bolt +Y Bolt +Y Bolt +Y Bolt dist. between Angle Recalc.
Fid Light # Y location Z location Angle Y location Z location Angle Y location Z location bolts (Bolt Angles)

(inches) (inches) (degrees) (inches) (inches) (degrees) (inches) (inches) (inches) (degrees)
1 3.2200 6.3689 -145.6941 2.9246 6.1674 -145.4998 3.5101 6.5683 0.7096 -145.5976
2 6.4877 6.3687 147.8362 6.1882 6.5570 147.7878 6.7892 6.1787 0.7102 147.8118
3 4.9222 6.6186 0.2717 5.2807 6.6203 -0.0162 4.5637 6.6187 0.7170 -0.1277
4 0.8670 2.7090 -73.7021 0.9664 2.3689 -74.1058 0.7697 3.0507 0.7096 -73.9042
5 8.4994 2.6992 71.5640 8.6126 3.0389 71.7400 8.3893 2.3656 0.7094 71.6512
6 4.2353 1.4653 -15.4943 4.5789 1.3701 -16.2525 3.8920 1.5654 0.7141 -15.8740

—

DminajPrintDlimensions
______________________________ ___________ ___________

- ---------- ------—

Distance and ,Angles from N<
——

Center Center -Y Bolt -Y Bolt -Y Bolt +Y Bolt ______+Y Bolt_______

Y location
+Y Bolt dist. between Angle Recalc.

Fid Light # Y location Z location Angle Y location Z location Angle Z location bolts (Bolt Angles)
(inches) (inches) (degrees) (inches) (inches) (degrees) (inches) (inches) (inches) (degrees)

1 0.0000 ' 0.0011 0.0641 0.0024 0.0022 -0.1302 0.0029 0.0021 0.0004 -0.0323
2 0.0003 0.0013 -0.0162 -0.0007 0.0020 0.0322 -0.0008 0.0022 -0.0002 0.0081
3 -0.0002 0.0014 -0.2717 -0.0037 -0.0003 0.0162 0.0033 0.0013 -0.0070 0.1277
4 0.0000 0.0000 -0.1779 -0.0009 -0.0010 0.2258 -0.0013 -0.0007 0.0004 0.0242
5 0.0006 0.0008 0.1760 -0.0014 -0.0018 0.0000 -0.0006 -0.0027 0.0006 0.0888 '
6 0.0007 0.0007 -0.3857 -0.0014 -0.0012 0.3725 0.0026 -0.0022 -0.0041 -0.0060

Max 0.0007 0.0014 0.1760 0.0024 0.0022 0.3725 0.0033 0.0022 0.0006 0.1277
Min -0.0002 0.0000 -0.3857 -0.0037 -0.0018 -0.1302 -0.0013 -0.0027 -0.0070 -0.0323
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Sheetl

— -------- --------- - -................. ............. ......... ..... ................. --------------------
--------------  —

Focal Plane SItandoff Locatic>ns
■■ ....... " ..... . " ■ —

Standoff # Y Location Z location Y Location Z location Delta Y Delta Z Angle around Z
Design Nom. Design Nom. Measured Measured Mea.-Nom. Mea.-Nom.

(inches) (inches) (inches) (inches) (Inches) (inches) (degrees)
1 -Y,+Z 1.4810 6.0760 1.4806 6.0758 -0.0004 -0.0002
2 +Y,+Z 8.1720 6.0760 8.1713 6.0756 -0.0007 -0.0004 -0.0017 2 rel. to 1
3 -Y, -Z 1.0900 1.3630 1.0896 1.3632 -0.0004 0.0002
4 +Y,-Z 8.6180 1.3630 8.6173 1.3629 -0.0007 -0.0001 -0.0026 4 re\ to 1

Max -0.0004 0.0002 -0.0017
Min -0.0007 -0.0004 -0.0026

Average -0.0006 -0.0001 -0.0021

Distance and Angles from Nominal Relative to Focal Plane Standoffs

Center Center -Y Bolt -Y Bolt -Y Bolt +Y Bolt +Y Bolt +Y Bolt dist. between Angle Recalc.
Fid Light # Y location _ Z location Angle Y location Z location Angle Y location Z location bolts (Bolt Angles)

(inches) (inches) (degrees) (inches) (inches) (degrees) (inches) (inches) (inches) (degrees)

1 0.0006 0.0012 0.0662 0.0029 0.0024 -0.1281 0.0035 0.0023 0.0004 -0.0302
2 0.0009 0.0014 -0.0141 -0.0001 0.0021 0.0343 -0.0002 0.0023 -0.0002 0.0102
3 0.0003 0.0015 -0.2696 -0.0031 -0.0002 0.0183 0.0039 0.0014 -0.0070 0.1299
4 0.0006 0.0001 -0.1757 -0.0003 -0.0009 0.2279 -0.0007 -0.0006 0.0004 0.0264
5 0.0012 0.0009 0.1781 -0.0009 -0.0017 0.0021 0.0000 -0.0026 0.0006 0.0910
6 0.0013 0.0008 -0.3836 -0.0008 -0.0011 0.3746 0.0031 -0.0021 -0.0041 -0.0039

Max 0.0013 0.0015 0.1781 0.0029 0.0024 0.3746 0.0039 0.0023 0.0006 0.1299
Min 0.0003 0.0001 -0.3836 -0.0031 -0.0017 -0.1281 -0.0007 -0.0026 -0.0070 -0.0302

\
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LOCKHEED MARTIN

Memorandum
TO: PeteTappan ACIS-96-51

July 24,1996
FROM: Neil Ti'ce

CC: L. Oldham, E. Sedivy, B. Mayer, R. Foster

SUBJECT: Action Item 3-19-Fiducial Light Mounting Surface Relative to Focal Plane

This memo documents the completion of the measurement of the distance from the focal plane to the 
fiducial light mounting surfaces. A Zeiss 3 axis coordinate measuring machine was used to perform the 
measurements. In the test, the detector housing (i.e. the back surface of the paddle) was set onto 3 gage 
blocks which were established as the zero point for the x axis. This surface will be approximately 
14.600±0.002 inches away from the translation table during flight. Using a 13 inch extension on the 
Zeiss head, nine different locations were probed on the fiducial light mounting surfaces which will be 
13.005+.002 inches from the translation table during flight. Since the door, snoot, and Alignment 
Reference Mirrors (ARMs) were still installed and since the outer diameter of the probe extension was 1 
inch, we were limited to the number of locations where we could make accurate measurements. 
However, statistically the data looks very good.

The data was very repeatable with an average distance from the back of the paddle to the fid light 
mounting surface of 1.60061 inches (1.600 inches expected nominal dimension at room temp.). The 
minimum to maximum measured distance was 1.60032 to 1.60093 with a spread of 0.00061. The 
standard deviation for the data was 0.000183 inches. If a normal distribution is assumed, then the 3 
sigma deviation from the nominal measurement would be ±0.00055 inches over the entire surface or from 
1.60006 to 1.60116 inches. The raw data is shown in the approximate measurement location in Figure 1. 
Unfortunately, in the assembled state the fiducial light mounting flange locations were very difficult to 
measure and angles were not determined. I hope this gives you sufficient data to complete the alignment 
tolerance analysis. If not maybe you can get more data when you perform the alignment transfer to the 
ARMs

If you have any questions regarding this memo, please feel free to contact me.

(303) 971-9089 
nwtice @ den.mmc.com

Lockheed Martin Corporation 6801 Rocklcdgc Drive Bcthcsda, MD 20817 
Telephone 301 -897-6185 Facsimile 301 -897-6028
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FIGURE 1-FIDUCIAL LIGHT MOUNTING SURFACES-DISTANCE TO PADDLE
o

AGS CAMERA
CCD LOCATICNS AND FID LOCAIICNS
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Z.

Lockheed Martin Corporation 6801 Rocklcdgc Drive Bethesda, MD 20817 
Telephone 301 ‘897-6185 Facsimile 301 *897‘6028



Interoffice Memo LOCKHEED MARTI*

TO: Rick Foster, MIT ACIS 95-117 
May 22, 1995

FROM: N. Tice /MMTI

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

SUBJECT: Fiducial Light Thermal Deflection Analysis

REF1: 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/iducial light thermal 
alignment stability. This memo should close out AI-95-012D in the TRW action item list and is 
one pan 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 -42CC 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.

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-f-/-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.

Results

A~ Zc>
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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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