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Source: Redwire YouTube Link
Successful Deployment of the Most

Powerful Roll-Out Solar Arrays Ever Built
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* The two Lunar Rollout Solar Array (LROSA) Wings
of the Power and Propulsion Element (PPE) are
each ~32ft wide x ~60ft tall

- Each wing is made of two roll-out blankets that
support more than 14,000 solar cells per wing

+ The massive size of the wing has resulted in
significant ground testing challenges

- Athree-story scaffolding structure was built to
support wing roll-out deployments (VDO-
Vertical Deployment Offloader)

- A programmable LED solar simulator (pLEDsS)
robot was built to support electrical testing

- Success in wing level electrical testing
required significant collaboration between
Intuitive Machines, Redwire Space Systems,
Angstrom Designs, and NASA
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Source: Redwire YouTube Link
Successful Deployment of the Most
Powerful Roll-Out Solar Arrays Ever Built
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- LROSA
- ELECTRICAL
DESIGN

* Each of the 2x LROSA wings has two

blankets of solar cells — ~32ft

— Very high power capability totaling
~60kW beginning of life

* Multiple aspect ratios of circuits

— 2x Square aspect ratio

rrr kLIS
p——r 7774

— 24x Long aspect ratio

Source: Redwire YouTube Link
"’60ﬁ: Successful Deployment of the Most
Powerful Roll-Out Solar Arrays Ever Built
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LROSA ELECTRICAL TEST PLAN DEVELOPMENT -
LIMITS OF DARK IV & LAPSS TESTING

» Redwire Space Systems heritage * Intuitive Machines heritage test

test approach was stowed approach was Large Area Pulse
Dark IV only Solar Simulation (LAPSS) testing,
: : but legacy LAPSS test
- Cost effective and relatively ; :
simple, but has known test SRS
limitations - Not suitable for PPE's
- See |IEEE technical paper 4junction cells
“The Importance and - Test target area (illumination
Limitations of Light IV and area) is limited to 3.5m
Dark IV Testing of Space . :
y - PPE circuit area is almost
Solar Arrays twice the size of the LAPSS

illumination limit!

- Requires ~9m of working
distance

- Not enough room in the
building to set up this
working distance!

* pLEDss addressed limitations of
heritage LAPSS equipment and
shortfalls of Dark IV test process
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LROSA ELECTRICAL TEST
PLAN DEVELOPMENT

— SuitableuptoSiunctioncells ——

— Targettestareasareconfigurableduetouseof ———

— Test working distance is small (150mm)

— Robotic automated gantry, manual rolling cart
setup, and circuit morphing enable a repeatable
test setup catered to large-scale solar array wings
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% : * New product development is always a challenge!

9% 9% — Developing a new product AND a new way to test that product is an even
e 4 bigger challenge

— How torun the software?

— How Inng wi all of this take every time we need to test?

* After about a week's worth of training and trial test runs with Angstrom Designs
onsite, Redwire Space Systems technician team started testing on the flight wings

» Originally allocated ~15 days per wing to complete each pLEDss test event

— pPLEDss tests occur multiple times throughout our overall test campaign, so
this stacked up to a significant amount of time on a tight program schedule

— Technician team got the process down to a consistent and repeatable 5 days
per wing

+ Test data result output is easy to digest with automated Voc, Isc, IV, and
Power curves



Spectral Match pLEDss
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PLEDSS CAPABILITY &
PPE APPLICATION

* pLEDss has different light source configurations

Single Light Source Per Junction
Head are for Large Area Testing

| — Alter calilbration, discrete heads produce on-orbif powerlevels

pLEDss heads can be tiled to fit any illuminated area

— Asingle pLEDss head is a small solar simulator
— Many heads together can test any size array

* For PPE, pLEDss system calibrated for AMO using Z4J standard
AMO Spectrum

— pLEDss can accommodate a variety of spectral options
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CELL HEATING FROM
LED PULSES

* pLEDss for PPE light pulses are ~1.0 second long

Minimal Heating During Pulses

Voltage (V)

* Thermal analysis showed a temperature increase of
~0.5°C during pulsing

— Heating was very consistent

0.05 0.1 0.15 0.2

* The team determined that this was small enough that
Nno correction was needed, but data is still collected
during each test event

Time (s
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JUNCTIONS CURRENT MEASUREMENT (JCM)
CALIBRATION

PLEDss uses the JCM calibration method
yertical Dep'lo\;r:\:;: :-‘)fwﬂ?:g

Calibration occurred with matched isotypes of the Lorng 4 on o
flight cell technology ——

An XY motor moves each isotype to the location of
each cell on the wing

— Calibration verifies current match, spectral, and
spatial beam performance

JCM for Best Calibration

cell A cellB cellc

| |

| CellA || CellB || CellC |




CALIBRATION RESULTS

Error exceeds expectations; very low spatial nonuniformity

Long Aspect Ratio
Isotype Isc SNU% Avg AMO Error [%]
J1 <0.25%

J2 <0.25%

J3 <0.1%

J4 <0.1%

Isotype Isc SNU% Avg AMO Error [%]
J1 <0.1%
J2 <0.25%
J3 <0.25%
J4 <0.5%

J1 AMO Error - LAR
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J1 AMO Error - SAR
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PLEDSS DETECTED LROSA
MANUFACTURING ERROR

R
The Voc honconformance to the right was very easy to it | ilf' ||' | |
catch \ |

— Data from the pLEDss Voc test output was clearly
scrambled and at too low of a voltage

— Data from the IV curve did not generate for
corresponding circuit

Root cause investigations began with a check of the prior
stowed Dark IV data that showed no issues

Wi
A

Determined that root cause was an incorrectly populated
connector!

— There are multiple connectors per wing, each with
several pin/sockets of different combinations (some are
left intentionally unpopulated on each connector)

If not for pLEDss testing, this nonconformance could
have gone undetected, risking on-orbit power!
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— Dark IV bypasses the blocking diode

— The connectors are on the spacecraft side of
blocking diode, so they were bypassed during
the test

IV Curve

i Intuitiv i' i
with a 4x wire measurement (leveraging all
4x lines)

— This measuring technique is more accurate
AND it requires all 4x wires to be installed
correctly to develop IV curve

— If there is a wiring problem, the
measurement gets scrambled and
allows for easy detection of
nonconformances
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PUBLIC & COMMERCIAL
SPACE PARTNERSHIP SUCCESS

+ The PPE LROSA is a wing of unprecedented size and power generation

» The pLEDss is a flexible, powerful, and efficient solar cell ilumination ground
test system used to ensure that the LROSAs will be a success on-orbit

+ Both pLEDss and ROSA started with Small Business Innovation Research (SBIR)
public funding and transitioned into commercial products that now support the
NASA Lunar Gateway through the Intuitive Machines Power and Propulsion
Element

* Initial ROSA development at Redwire Space Systems (formerly DSS) began
with an AFRL SBIR in 2008 and then a NASA SBIR in 2009

* Initial pLEDss development at Angstrom Designs began with NASA SBIR
funding in 2014 (following NASA STTR funding in 2013)

% o9l « Special thanks to the incredible collaboration of commercial and public
. entities that make pLEDss testing on the PPE LROSA wings possible!
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