Development of Optical Window Material Database

for Spacetlicht Environments
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The NASA AES NextSTEP Project has, as one of its goals, the

development of a comprehensive optical window material database that
can be used by designers of crewed vehicles and habitats. Johnson
Space Center has requested Langley’s help in supporting optical
metrology testing of window specimens to measure and analyze
various optical parameters to assess the quality of the materials for
acrospace applications.

Due to window malfunction/failure being classified as critical 1,
meaning that malfunctions will result 1n loss of life, vehicle, or habitat,
a need has been established for transparent window material that
surpasses the bar that has been set regarding the optical and structural
properties of current windowpanes. For missions such as Apollo and
ISS, fused silica has been our go-to specimen for windows, however
the weight penalty and its brittleness 1s undeniable. If these windows
could be replaced by a cost-effective plastic-based material, such as

polycarbonate, which has a specific density of 1.2067‘%3 In comparison
g

to fused silica’s 2.2Om—3, the weight of panes used 1n habitats and

spacecraft can nearly be cut in half. Since the plastic based materials
are typically more durable as well, penalties on design as a result of
windowpane redundancies can be reduced, and thus allow more
structural options for the designers of crewed habitat and spacecraft.

In order to aid 1n this mission, I have been tasked to create a user-
friendly database to consolidate, organize, report, and analyze
metrology data for various optical parameters while utilizing programs
such as MATLAB, Mathematica, LabVIEW, and Zygo, for data
acquisition. Measurements are taken through wvarious types of
windowpane material, at different angles, to further compare with data
collected through a windowless or baseline condition. These
comparisons can provide insight about how well light transmits
through a material, and i1ts homogeneity, which can impact how sharp
an 1mage or object 1s perceived when viewed through the specimen.
Since sources of light, such as lasers and white light, are used for
measurement purposes across all fields of engineering, 1f these
materials are used as a medium, and this information 1s not known,
inaccurate data can be accumulated and thus give rise to misleading
results.
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* Continue acquiring and analyzing data regarding the eight optical
properties assigned to LARC with the selection of new pane
materials, such that the database can be expanded to cover wider
variety of material and potential customers.

Refine the program and 3-D modeled parts used for the multi-axial
linear stage to allow 1t to be utilized 1in different instrumentation
systems and maximize the efficiency of adjustments.

Create a user-friendly database for various optical parameters that
can be used by the designers of crewed vehicles and habitats.
Assemble a versatile multi-axial linear stage for upcoming
measurements.
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Each material that has currently been tested has its own strengths and
weaknesses, and this information 1s used to form foundation for
acceptance criteria for the selection of window materials for future
acrospace vehicle and habitat designs. The database 1s 1n 1ts final stages
of completion, however 1t will be expanded as additional data 1is
acquired for other available candidate optical window materials.
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