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K Photovoltaics and solar arrays have provided reliable power to spacecraft for
over 50 years and will enable long duration missions on the lunar surface

« Solar cells have been used on the lunar surface in the past, but the
technology has matured significantly

« There is still a lot unknown about the energized environment of the lunar
surface and how it would impact high voltage solar arrays

* PILS team responded to a call to provide payloads to the Commercial Lunar
Payload Services (CLPS) program, proposing a test-bed to measure
electrical performance of state of the art and next generation solar cells, and
to measure the charge build up on a small solar cell array

target lunar landing in FaH-20621 2022

« Technical Objectives:

« Enhance existing models for future power generation systems, to shape design rules for large solar arrays on the lunar
surface

« Determine charge buildup on solar arrays and arcing hazards in the lunar environment
 Measure plasma properties for ground-based simulation, arc threshold, and damage rate
\ * Increase TRL of cells and arc detection capability

» Selected by Astrobotic for integration with their Peregrine Lander with a B ol S 11 .- Experime;rL]t.-.“
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PILS Mock Up Based on Initial Concept PILS Thermal Analysis Model PILS Structural Analysis Model PILS Platform Mock Up
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Science Objectives

Solar Wind

Plasma environments the moon passes through. This
illustrates a highly variable environment that also does not
include secondary electron emission from the lunar surface
regolith
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SOA Technologies: used on many NASA
missions including Mars Exploration Rovers
(XTJ) and Parker Solar Probe (ZTJ) and
most commercial satellites

Next Generation Technologies designed to
improve overall performance including
higher efficiency and improved radiation
resistance

Thin silicon technology that may be
considered for lunar surface use due to
lower cost compared to IlI-V technologies

Wi nasa.gov Charging coupon uses Spectrolab Ultra Triple Junction (UTJ) Technology, the predecessor to XTJ
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« 8, 2x2 cm UTJ solar cells strung in series and shorted through a
burden resistor

« Burden resistor sets bias potential, anywhere from 0V to 18V

« Maximum current is approximately 100mA, not enough for
secondary arcing under any voltage

« Solar cell coverglass is coated with <100kOhm/sq ITO to bleed
charge, but the charge is isolated by high dielectric constant
encapsulant

CHARGING COUPDO’

« Wires are soldered to coverglass to short all surfaces and
connect to large series resistor

\. Back-end of resistor is fed to monitoring measurement board o~
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Space Craft DC-DC Sy IR Mother Board Switches the
Converter 5vDC operational power to
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Laptop with GUI (Mock
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-/ Platform software and electronics have been\
tested with flight hardware

 Platform build is complete

» Platform wrapped with MLI and thermal
reflective tape

 Completed Required Testing

 Thermal Vacuum Performance (hot &
cold)

» Electromagnetic Interference Compliance
 Vibration Structural Testing

« Payload Interface Mobile Simulator (PIMS)
testing completed in Nov 2020

 Verified compatibility with Astrobotic
power and data and communication with
K mission control center

Assembled PILS Flight Unit Assembled PILS Flight Unit with
Thermal Tape Applied to Top Surface
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Pad/Launch \

— PILS unit off during pad operations

— Payload Mission Control Center (PMCC) staffed (options for local GRC and
remote staffing); Final checks between Astrobotic mission control center
(AMCC) and PMCC

+ Flight
— PILS will not receive power until = 4 hours post stage separation
— EXxpecting power during cruise to obtain baseline and cruise period payload
data
« Surface

— Peregrine is expected to land at lunar dawn. Payloads will be powered <6 hours
after touchdown; PILS has requested surface data transmission of < 6 hours

— ~24 hour “siesta” tentatively planned by lander at solar noon
» PILS requested operational power during this time if possible

* End of Mission

\ — Defined by final lander shutdown at lunar night /
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PILS is a small solar cell testbed designed for the lunar surface which includes multiple
SOA and next generation solar cell technologies

PILS will be integrated with the Astrobotic Peregrine Lander and will land at Lacus Mortis on
the lunar surface in 2022

PILS will operate for approximately 1 lunar day, collecting multiple current/voltage curves of
the various solar cell technologies and measuring the build up of charge on a small solar
cell array

Data will be transmitted back to Earth through the Peregrine Lander, team expects multiple
papers (PV performance, array charging, thermal control, electronics design and
performance)

A

https.//www.nasa.gov/feature/glenn/2020/solar-power-investigation-to-launch-on-lunar-lander

https.//www.nasa.gov/feature/glenn/2021/out-of-the-shadows-lunar-solar-experiment-build-
completed-despite-challenges
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