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e High Precision Modeling
- Why SIM needs it
- Technical issues
- Process flow

e Development of the SIM

Thermo-Opto-Mechanical
Models

- Compressor Modeling
e Compressor Bench
e M1 Model

- Siderostat Modeling
e Thermal models

e Structural model results

e Summary
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e SIM is a very large optical system (10 m)
that needs to be stable to tens or hundreds

of picometers over time scales from 90 s to
1 hr.

e Availability of high fidelity precision
models can reduce the need for
intermediate hardware development and
tests.

e (Can run test cases that would be difficult
or time consuming to build, such as
sensitivity to changes in materials
properties or environmental conditions.
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eProcedural Effects- generally well understood or controlled.
-Physical phenomena
-Solution techniques
-Geometry capture
-Data Interfaces
-Numerical precision

*Most sensitive variables affecting steady state correlation:
*MLI blanket effective emittance (e*)
*MLI blanket variations in e* (seams, folds)
*Aft Thermal Can internal emissivity variability (abraded aluminum, ¢=0.05)
eMirror front face emissivity (e=0.023)
ePower input into Thermal Can

*Most sensitive variables affecting transient correlation:
eHeater control method (TMG does not have a PID routine)
eMaterial Thermal Capacitance

eMaterial Properties
-Properties used without temperature or time
-Common materials- fairly well understood
-Athermal materials - have significant uncertainties

-Thermal and mechanical properties with significant uncertainty are CTE, C, and
Emissivity.
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Mechanical

MisAlignments & Assy

Tolerances Geometry:
Solid Models

Mechanical
Design ——
NX A
. Material Properties
Optlca! ' Material & Surface Properties Loads
Prescription Geometry: Loads/ Environment Optical Output Locations
Solid Models
Ray Mesh Pts
] "I Structural Analysis
Optical Design ay M%Sh Fits r > |-DEAS ™
> . Temperature
Code V A6 | Case ” ™ |_TSE:£”§ | Analysis ——p  Transformation / NASTRAN A_:.J’ .
Definitions ; D!stomons
T™MG A2 I-DEAS A-15 [Temperatures in Displagements
Temperatures in Structural Mesh
Thermal Mesh Optical
Metrics —
e Optical Metrics:
Code V A4 | wavefront Quality

e “Bucket Brigade” Modeling Approach
- Based Upon LMATC Prior Work
Scaled up for Larger SIM Team
Use JPL Strategic Tools (UG, I-DEAS, TMG) w/ Config Control
- Carefully Selected and Verified Modeling Process Details

SIM

NORTHROP GRUMMAN ! CALTECH

IEEE Aerospace Conference Spoce Tochnaiogy I LOCKNEED MANTINZ T Lindensmith March 8, 2006 - 5



California Institute of Technology

MNORTHROP

IEEE Aerospace Conference T Space Tochnology

National Aeronautics and Space
Administration
@ Jet Propulsion Laboratory Beam Compressor

HAPL cockneco marTIN _"_$

(7) Lindensmith March 8, 2006 - 6



National Aeronautics and Space
Administration

Jot Propulsion Laboratory Compressor Finite Element Model

California Institute of Technology

Primary Bulkhead

Side Panels
(+X and -X)

Secondary
Bulkhead

Mid Panel -

Slanted Panel

Fold Panel

Flexure Interface /« "
Fittings

Tertiary Lower Panel

Bulkhead

e ~526,000 nodes.

e ~382,000 elements.

e MI and M2 mirror models generated by JPL.
e Bench model generated by ATK.

e Fold and M3 mirrors absent from model.
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M1 mirror has approximately 98,000
nodes and 49,000 elements.
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M1 Surface Map under a Uniform Temperature Drop

Measured Results Analytical Results
RMS = 6.1 nm/°K OPD error RMS = 7.2 nm/°K OPD error
P-V = 14.25 nm/°’K P-V = 14 nm/°K

Cﬂmp. Diiff.; 09/06/05 16:59 - 09/07/05 10:00
(HF Part + LF Part)
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M1 Mirror Print-Through Analysis

FEA Combined Case:
_ _ Inverted Tinsley’s Dimples
Mfr Surface Figure Difference: + 1G Gravity on Bipods
Pre- to Post-Mounting + Post-Mounting Hanging Case
RMS = 20 nm equivalent surface error RMS =14 nm
P-V =129.8 nm 0 P-V=~103 nm
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Top dimple 1s about half of the
lower dimples in amplitude

SIM
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Correlated SID Temperature Contour for 200K Steady State Thermal
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TOM Tech Gate 8 - SID Mirror Temperature -

Inboard Bay, Narrow Angle Test, 6/5/2005
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Note: SIDBCK1 Temperature Offset by 1.3C
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SID Mirror Rate of Temperature Change (dT/dt) -
Inboard Bay, Narrow Angle Test, 6/5/2005
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Note: Current SID Temporal Thermal Requirement is SmK/hr

-

NORTHROP GRUMMAN CALTECH

IEEE Aerospace Conference Spoce Tochnaiogy I LOCKNEED MANTINZ T Lindensmith March 8, 2006 - 19



oponal Aeronautios and Space SID Mirror Gradient
Jet Propulsion Laboratory Rate of Temperature Change (dAT/dt) — NA, Inboard Test

California Institute of Technology

TOM Tech Gate 8 - SID Mirror d-Delta-T/dt (SIDBCK3-SIDBCKR2) -
Inboard Bay, Narrow Angle Test, 6/5/2005
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*The integrated modeling process is working and allows thermo/opto/mechanical modeling
at mK/pm levels needed for sim.

*Commercial FEA tools are being used without need for tool development-- only process
development for practical work and model flow.

*The models have been validated against experimental data at OPD response levels that
meet the SIM system requirements (despite requiring overdrive of the thermal
environment)

*Knowledge of the materials parameters is key to having good predicting models--
sensitivity analyses will be delivered with the TOM3 final report.

»Accurate measurements of material properties needs to be done on the actual
materials used and the data supplied to modelers

*Tests will still need to be done at various lower levels (coupon,component,
subassembly, assembly) to verify or support model predictions.
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