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VSAT Overview

The Vertical Solar Array Technology (VSAT) project is focused on the development of solar array technologies necessary for
sustained presence on the lunar surface circa 2028. Existing solar array structures and deployment system technologies are
designed for either zero-g or horizontal surface deployment. VSAT will explore vertical array deployment on extension
masts of up to 10m in length in order to capture near continuous sun light at the lunar south pole.
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Mission In,fds-ion & Réft‘ne"rships'

» Contributing partners and/or stakeholders
= STMD and HEOMD sponsor the project

= HEOMD is an obvious long term stakeholder as the owner of future Lunar Exploration
architectures

» Infusion/transition plan

" The primary infusion path is via NASA’s “Sustained Presence” period of Lunar Exploration
circa 2028 and beyond

* Providing primary power generation capability to lunar surface activities is the sole focus
of VSAT

" Transition plan calls for VSAT technology adoption by prime contractors engaged in Lunar
Sustainment exploration architecture development
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Collaborative multidisciplinary partnerships to leverage fiscal resources, ideas, knowledge & expertise.
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- VSAT

Technology Goals & Project Objectlves

Goal #1 Autonomous system capable of vertical array deployment on extended mast on uneven terrain

Goal #2 Deployment mechanisms designed for reliable, autonomous retraction, and system mobility

Modular architecture component, adaptable to multiple mission architectures, designed to
minimize mass and packing volume

Project Objectives

Objective #1 Develop Design Reference Mission and Designs

Goal #3

Obiective #2 Solicit competitive awards to industry to study (1) above and develop their own designs for a
) Lunar South Pole VSAT concept

Award hardware development contracts to one or more vendor for the development of a
prototype VSAT system

Objective #3

Build and Test VSAT prototype hardware with an objective of reaching TRL 6 by project

Objective #4 .
completion




- VSAT

Llfecycle MllestonelMaturlty Schedule

& Project Milestone ‘ GCD (Key) Milestone v Controlled Milestone - TRL Progression
) M,D,&G Deployment
Cell String Tested in TVAC
| at GRC

Mast, Deployer, & Gimbal .
Cell Selection/ Internal
Qual Complete

Solar Array Blanket

Harness Prototype
Legs and Base Component Level Hardware Dev
Testing Complete Test Complete

Special Note: TRL estimates are
: averages of all vendors and their

Preliminary Option Test Plans.
i Desi Ogtion Baseline Designs
Government Design and esigns g

‘ Feasibility Analysis Complete (PDR) Awards Complete (CDR)

FY21 FY22 FY23 FY24 FY25



~ Accomplishments

» During the Base Period, all five vendors completed initial designs and analyses to
approximately a PDR level

» In the process each created:
» Structural designs for 10m mast
» Power Management and Distribution System designs
> Test Plans for Option Phase
» Dust Mitigation Strategies
» Power and Thermal Analyses related to surviving a 96-hour sun shadowing event

» At the conclusion of the Base Period each vendor presented their design and analytic findings

» After the conclusion of these presentations the VSAT project team met and scored each competitor and
selected those determined to be most beneficial to NASA’s architecture goals for an Option Award

» The contractors receiving Option Awards are:
» Astrobotic
» Honeybee Robotics
» Lockheed Martin



Astrobotic VSAT: Affordable Lunar Mobile Power
NASA SpaceTech-REDDI-2020, Appendix 80HQTR2Z0NOAD1-20GCD_CA1
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TECHMOLOGY OVERMIEW

Descriptbon: Astrobatic’s WESAT is an end-to-=nd, self-cantairesd, mabile pawer

sodutian for the lwnar surface. it can be delivered on existing Commercial Lunar

Payload Services {CLPS) landers and features innowvative soluticns ta comples basks,

ncluding landes egresss, moDiety, sellleweling. and the mansgemant af z 2 ko

cabde, This minimizes its dependendy and [he Constraints it plaies on NASA nowens

and landers, this |oaseding fisture mission risks and costs, The VSAT features 3 el

heritage Rall-Out Solsr &rray [ROSA) from Redwadre, slectrodynamds dust sheeldd [ED%]

solar cell covers from MASA KSC, and & Lunar Indrastructurs Trailer {LIT] that

weperages Astrobotic's desp supertise in lunar mobility and commencial services.

TRL: 374, based on The 1olowing syshame

+ ROSA B the only armay 10 heve ahasved TRL 9 for midtiple deplowmenty
rebraction cpcles inspace, but drops (o TRL A5 for the lenar envircnment

*  EDS has achizved TRL 5, but draps ta 4 for scaling and integration.

«  UT derives fram fstrobotic's highly matwne CubeRaver and lander skruchures and
subsystems, but drogs ta 3 for YSAT.

Commerchal mpack VAT & independance Trom &n extarna nover allows it 10 be

oroaght to markat Guackly and .a.l'-h:---l.all-,- LS CiT  pele =35 a2 rvice . mnosdel

PROJECT OVERVIEW
Paricd af Perfermance:
Bese: ... 2001 Sep 23 2021 Sep 21 Base: 5631410000
Optian 2022 5en 22 - 2024 5ep 24 Jpthan 56,225, 07863
Technology Approachi Cur key ohjectves are to matwre the overall design of awr
WSAT mypstem and raise Hs Techmology Readiness Level {TRL) using prowen design,
analysis, prototyping. testing, and validation methads.
Masjar Technizal Milestanas:
= Kickaff Technical Coordination Mesting: AR0 + 2 weeks
*  Technical Progress Repart: Quarterly am the 15th of the suhssquent manth
=  {pneept af Cperations, Hardware Plan, Scftware Plan: 880 + 3 manths
= Preliminary Design Review: AR0 + 12 manths
= Draft CAD of VEAT Design: ARD + 18 months
= ROEA Fabrication Comalete: ARO + 28 manths
= Final CAD of WEAT Design: &R0 + 30 manths
= EDE Fabricatian Camplets: R0 + 31 months
= Twhl Test Comalete: &R0 + 313 manths
= {ritical Design Review and TRL & Assessment: &R0 + 36 months
= Dedrrery of WESAT pratotype: ARD + 28 manths
COMPANY OVERVIEW
Mame; Astrohotic Technalogy, Ing,  Emplossess: 180
Addrass: 1016 N Lincoln fiee, Pritshergh, PA 15233
Bugineas Coptacts |S02) 293-92449, famn, b (i ks Cng@ e s ook C £ o
Partreers: Redhaare, MOSH Kennedy Snace Ceanter (K500
Company Descrption: Asgtrobolic & the worlis kading lunas gstics endoe
prosdces, with the goal of making the Moon accessile 1o all, Thedr tleal of henar
anders and romers deliver payloads 10 the Moon far companss, BCRrmEnTs,
unsersitios, non-prafits, snd ndividisslz, The compavg has contracts to delver 18
payloads to the lenar surface and four lunar surface missions schedided before the
end af 2025 Peregring, wiich will becorms the firsst American lander on the Boon
SimCe AR wham it iouches down nest yean MoonRamngss, which o s Biar will
necame the Fist rover tosearch for water ioe at ©he binsr soutl [EEL-H Gariffin, which
il delives MASAS VIPER [0 the bunai sdith paole cne year siter that and CubeRoses
which i Astrototis s lagship rover Tor modility a5 3 senvice and wil f'r i 2025, I all,
Agtrabotic has mare than 50 peser and ongoing MNASA and commercial technokgy
Coniracts




Honeybee Robotics

Lunar Vertical Solar Array Technology Option Phase
LAMPS = Lunar Array, Mast, and Power System

Technology Image

Project Overview
Honeybee Robotics (HBR) with mPower during the option phase will mature the
technology by demonstrating multiple, unaided deployments and retractions in a
TVAC environment. The technologies matured during the option phase are:

»  Deployable/Retractable mast with bellows for mast dust/thermal protection
»  Accordion folded solar sails using flexible solar power modules

»  Solar sail stowage

*  High power flat umbilical & storage reel

The key option phase milestones are

+  Jun 2023 - Design Review

»  Nov 2023 - Solar Cell Delivery

»  Jun 2024 - Thermal-Vacuum Test

LAMPS is a deployable solar array system that allows for operation 10 meters above
the service. LAMPS provides 10kw of power at beginning of life. It is retractable into
its base; this allows transportation with rovers to other sights near the south pole of
the moon. It is designed for a 10-year mission with one relocation per year. The
flexible design supports multiple rover transport options. The design is scalable
between 1TkW-32kW. It consists of the following subsystems:

+  Fixed base with leveling legs and dust tolerant power connectors

+  DIABLO deployable/retractable mast with bellows

+  Masthead with local electronics and deployable/retractable sail frames holding
the solar sails

= Four deployable/retractable solar sails

Technology Overview

Honeybee Robotics (HBR) is a subsidiary of Blue Origin. HBR is an AS9100C certified,
NASA-approved flight system supplier with extensive experience in robotics for
planetary missions. Honeybee employs 250 people across Longmeont, CO and
Altadena, CA. HBR is vertically integrated in terms of flight mechanical systems,
avionics, software, actuators, and via sister company, release mechanisms. To date, all
HBR-provided flight hardware met or exceeded performance goals. For LAMPS, HER
will leverage technologies from VIPER, PRIME-1, LISTER, PlanetVac, and 3P0
payloads planned to fly to the Moon in 2023 and 2024.

mPower Technology is a solar power system company headquartered in
Albuguerque NM. mPower is a certified small business with SBIR awards for
groundbreaking work with high flexibility and lightweight solar panels called
CragonSCALES.

Company Overview




Lockheed Martin

Lunar YVertical Solar Array Technology (LV5AT)
Lockheed Martin

Technology Image

Solar Array Blanket

-,

Blamket Contaimer Assembly

Deployer Assemhbly

Leveling Wheels
Enclasure
SEORNET DEPLOYED
Techmology Description:
The [L[WVSAT operational system  codcept  combines  innovative

modifications te n:'!{'t-ﬂ:i:u:_e solar ATTHY technolo 2, d.ép]u} ment and refraction

mechanizms, and a compesite mast design with leveling wiheels, gimbal,

wNn sesors, avienics, power and thermal systems while festing for the

clsallenging hmar enviroqinent.

TEL at MPF/Proposal Submbssion:

21 Technologies addressed are at TEL 3-9 at MPP/Proposal submission

* 15 @ TEL 3 & 4 — based on modifications to flown systems or designs for
wystems yet to be tlown (heritage programs or common procects)

* & @ TRL % —technologiss have floswn and do not require modification

* This catzgomization touches all areas of LVSAT development (mechanical
thermal, EPS, softecars)

Commercial Impact of the Techuology Produaer:

1} Redwce barrier of enfry for lusar sueface assets by providing mobile
powver station (redocing fusctionalify requived of surface assets)

2) Catalyzing a commercial services by reducing envivonmeist visk for long-
term hmar surface assets (e dust mitigation. swrvivieg lusar night)

3) Offering wew, affordable capabilities for hmar swrface applications

Technology Overview

Project Overview

Sammary of Technolwgy Approach:

LM's teclmical approach ensupes swecessfnl fufwre infusion of LVBAT
technologies by evaluating operaticsal system risks and requirements aisd
incloding risk born down in the matwration, prototype development, and
test process theough the Base and Option Periods. Starting with the
operational LVEAT missiow, LM identified critical esablers for furtlser
aalysis, design iecorporation. aid techisology advancement throwgl
prototype testine and internal fwvestweit.

Lockheed Martin Corporation (LM}
Lockleed Martin Space

12257 8. Wadsworth Blvd.

Lintleton, C0 80125

LOCKNEEFD MARTIN |j|‘

Company Description: LM 1= a global secumity and perospace company
engaged in the design. development, manufacturs, integration, and
sustainment of advanced techuelogy systems, products, and services, LM
employs 110,000 peopls worldwide, LM has proven deep space robotic
apd  human-reted systems expenencs in  developing  soplosticabed
techmologles and capabilibizs

Teaming Partners:

HASA

* D Aaven Olson, NASA Kenpedy Space Ceter, Elecivostatics &
Surface Physics Labovatory (dust mitigation)

Colorado School of Mies

* D George Sowers, Center for Space Resources (dust mifigation)

Company Overview




Proj'eét As‘s;éssmen't Summary

Performance

Project Name Comments
c|S|T|P

i I

Technical — System mass above Project goals at PDR for all selected vendor designs
Cost —

Schedule —

Programmatic -

Technical — System mass above Project goals at PDR for all selected vendor designs
Cost —

Schedule —

Programmatic -
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Plans Forward and Transmon oz

Infusion Plan

» Immediate infusion plan is to advertise the three selected vendor prototype efforts
as possible steppingstones to both NASA and Industry efforts to put Power
Architectures on the Lunar Surface

» Internal to STMD we will advocate for the VSAT project to begin work on a “Next
Steps” Flight Demonstration solicitation where industry will be encouraged to build a
flight version of the their VSAT concept for demonstration on the Lunar Surface circa
2026/7.

13
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Transition: An investment reaches a conclusion where a technology is handed off for further development. Transitions can be made to other STMD programs, other NASA Mission Directorates, academic institution, other Government Agencies, Commercial Entities, or International Partner.



| Edljc,a-.tiohlP,uinc Outreach

EPO Involvement EPO Calendar Outlook (High Priorities):
» Participated in multiple LSIC working group meetings None

» Funded 4 Student Interns
» Mentored 2 Governors School High School Interns

14
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» Completed Base Period VSAT design and analysis

» Over the next year three vendors will fabricate and begin testing on VSAT
prototypes
» Astrobotic
» Honeybee Robotics
» Lockheed Martin

» The three approaches are very different and represent unique approaches to
providing power on the lunar surface

15
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Project,PIa'ri - Mi_Iestbhe Status

Milestone Title
(Mirror Project Plan)

Status of milestones due since March 2022

Baseline
Date

Actual
Date

Variance Explanation

Milestone Title 10/1/17 Expected to slip 1 month due to test facility availability
Milestone Title 10/15/17 10/12/17 Completed ahead of schedule

Status of milestones due between Baseline Planned

September 1, 2022 — March 30, 2023 Date Date

Milestone Title

11117

Delays with the widget

Milestone Title

11/15/17

Delay of abc, CR submitted

17
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Risk Summary

Risk ID Affinity/ Description/Status Trend
Approach
MOO1 /W Terrain Stability usmg three leg platform carries operational risks related to falling l:>
over on sloped terrain.
M002 T/M Lunar Dust fouling mechanisms |:>
(P1,P2)
’ MO003 T/R Lack of terrain knowledge, impacts understanding of power output @
(Ma) MO004 T/M Lunar Dust Degrading Solar Array Performance |:>
MO005 T/W Specific Power (W/kg) less than project plan KPP l:>
MO006 T/W Specific Volume (kW/m3) less than project goal ﬁ
1 2 3 4 5 POO1 C-Sc/W TVAC Test Campaign may require more set up and take longer to execute than :
CONSEQUENCES plannec
PO02 C-Sc/W Dep_loyment Te_stmg may be more costly than planned due to gravity off-load
rtical T designs and height of system :,>
ritica I!}{ X ren A h
ﬁ Decreasing (Improving) M - rMoi:icgate
g ﬁ Increasing (Worsening) W - Watch
Med Uncha.nged _ A - Accept
- New Since Last Period R - Research

Affinity: T-Technical C-Cost Sc-Schedule Sa-Safety




+ VSAT -

'Terrain Stability- Taylor

Risk ID #
MO001

Trend

»

Criticality

Current L/C
5x2

Affinity Group
Technical

Planned Closure

Risk Statement :

Approach: Watch

Given that the VSAT concept of operations calls for autonomous deployment on lunar surface and this surface is not level, there is a risk that
the VSAT system may tip over during deployment or operations.

Context

The VSAT system has a requirement to be stable on a terrain slope of up to 15 degrees. However, the deployment may take place where
there are rocks or other unevenness beyond the general “measured theoretical slope”. When combined with the fact that this system is
very tall ~16m, designing a center of gravity and leg stabilizers such that the system does not tip is of paramount importance to the

mission.

Date

Status (Please provide the last 3 status) LxC (at time change/update)

TBD

Open Date
09/15/2021

Dollars to Trigger/ Start | Schedule Completion Resulting

Mitigation Steps implement date uID Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)

19



+ VSAT -

Lunar Dust Mechanical - Taylor

Risk ID #
M002

Trend

»

Criticality
Current L/C
4X3

Affinity Group
Technical

Planned Closure

Risk Statement : Approach: Mitigate

Given that the VSAT concept of operations calls for autonomous deployment on lunar surface followed by multiple retractions and
redeployments, there is a risk that lunar dust may penetrate the working mechanisms of the VSAT boom and deployer. Once dust is
present within the system mechanical components there is a risk for both wear and seizure.

Context

The VSAT system has a requirement to deploy a mast on the lunar surface and be able to retract that mast and redeploy it up to 5 times.
Every deployment/retraction cycle has the possibility of introducing lunar dust into the internal mechanisms of the VSAT system. Lunar
dust is known to be very abrasive, and its presence could cause a failure of a drive mechanism related to mast actuation.

TBD

Open Date
09/15/2021

Date Status (Please provide the last 3 status) LxC (at time change/update)
o 0 Dollars to Trigger/ Start | Schedule Completion Resulting
Mltlgatlon Steps implement date uiD Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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- VSAT -

Lack of Terrain Knowledge- Taylor

7RII\S/I|8(I)2 # Risk Statement : Approach: Research

Given that the exact location of a VSAT landing is unknown, and that information relative to terrain shading will still be imperfect even when
Trend the landing site has been chosen, there is a risk that terrain shadowing may be greater than anticipated, causing longer periods of total
darkness and/or periods of partial shading that will reduce planned output power of the VSAT system.

Context
Criticality Terrain knowledge of the lunar surface is not very granular at the moment. There have been several attempts made to characterize the lunar
topography in order to find areas for landing that have the most continuous sunlight but the calculations are made using data with cells
10’s of meters to a side. There is a real chance that performance predictions will be impacted by where we land.
Current L/C
2X3

Affinity Group
Technical Date Status (Please provide the last 3 status) LxC (at time change/update)

Planned Closure

TBD
QIM o 0 Dollars to Trigger/ Start | Schedule Completion Resulting
09/15/2021 Mitigation Steps implement date uID Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)

21



+ VSAT -

Lunar Dust Electrical - Taylor

Risk ID #
M004

Trend
New

Criticality
Current L/C
3x2

Affinity Group
Technical

Planned Closure

Risk Statement :

Approach: Mitigate

Given that the VSAT concept of operations calls for autonomous deployment on lunar surface and that the existence of Lunar Dust is well
documented, there is a risk that lunar dust may adhere to deployed solar array panels, thus reducing array performance

Context

The VSAT system will deploy on the lunar surface in an environment very likely to include “airborne” dust. This dust is known to be both
abrasive and have electrostatic properties that may allow for it to adhere to solar array panels. Dust build up on the solar array panels is

likely to degrade performance.

Date

Status (Please provide the last 3 status) LxC (at time change/update)

TBD

Open Date
03/15/2022

Dollars to Trigger/ Start | Schedule Completion Resulting

Mitigation Steps implement date uID Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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+ VSAT -

VSAT Specific Power, - Taylor

Risk ID #
MO005

Trend
New

Criticality
Current L/C
2x3

Affinity Group
Technical

Planned Closure

Risk Statement :

Approach: Watch

Given that the VSAT project plan has a Key Performance Parameter for Specific Power and that system mass is a key to system adoption
and use, there is a risk that the present designs will not be able to achieve the specific power metric as specified in the project plan.

Context

Mass is an important performance metric for all space flight systems. The cost to launch, and in this case land, large systems is very high in
terms of fuel and can drive multiple aspects of an overall mission. The present estimates for the five VSAT designs under consideration
during the Base Period are close to, if not exceeding, the KPP metric in the project plan. This metric was specifically chosen to drive
technology development rather that a specific mission, but it is still important.

Date

Status (Please provide the last 3 status) LxC (at time change/update)

TBD

Open Date
03/15/2022

Dollars to Trigger/ Start | Schedule Completion Resulting

Mitigation Steps implement date uID Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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- VSAT -

VSAT Specific Volume - Taylor

Risk ID #
MO0O06

Trend
New

Criticality

Current L/C
2x4

Affinity Group
Technical

Planned Closure

Risk Statement : Approach: Watch

Given that the VSAT project plan has a Goal for Specific Volume, and that stowed volume is a key to system adoption and use, there is a
risk that the present designs will not be able to achieve the stowed volume metric as specified in the project plan.

Context

Stowed Volume is an important performance metric for all space flight systems. The cost to launch, and in this case land, large systems is
very high in terms of fuel and can drive multiple aspects of an overall mission. Volume is particularly important in determining rocket
and lander size. The present estimates for the five VSAT designs under consideration during the Base Period exceed the stated goal in
the project plan. This metric was specifically chosen to drive technology development rather that a specific mission, but it is still
important.

Date Status (Please provide the last 3 status) LxC (at time change/update)

TBD

Open Date
03/15/2022

o 0 Dollars to Trigger/ Start | Schedule Completion Resulting
Mltlgatlon Steps implement date uiD Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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+ VSAT -

TVAC Test Campaign - Taylor

Risk ID #
PO01

Trend
New

Criticality
Current L/C
3x3

Affinity Group
Technical

Planned Closure

Risk Statement :

Approach: Watch

Given that the VSAT prototype is required to be undergo a deployment test in a TVAC chamber and that the VSAT system is expected to
reach 16m in height, there is a risk that this complex test may require a longer time period and go over budget.

Context

The VSAT system is expected to reach TRL 6 during the Option Phase of the project. The centerpiece of the test campaign and the
achievement of TRL is a full system TVAC deployment test. There are very few chambers in the country capable of conducting this test
on a system the size of VSAT. Set up time and number of tests is always difficult to estimate during the early stages of a project. Given
the complex nature of the tests and the size of the unit under test, cost and schedule growth is a risk.

Date

Status (Please provide the last 3 status) LxC (at time change/update)

TBD

Open Date
03/15/2022

Dollars to Trigger/ Start | Schedule Completion Resulting

Mitigation Steps implement date uID Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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+ VSAT -

Deployment Testing.- Taylor

Risk ID #
P002

Trend
New

Criticality
Current L/C
3x3

Affinity Group
Technical

Planned Closure

Risk Statement : Approach: Watch

Given that the VSAT prototype is required to be undergo a deployment test during the Option Phase of this project and that these tests will
require a very large facility (16m high) and some mechanism for gravity off-load, there is a risk for both cost and schedule growth

Context

The VSAT system is expected to reach TRL 6 during the Option Phase of the project. Prior to TVAC testing the system will have to undergo
deployment/retraction tests in earth gravity which will necessitate a gravity off-load system as well as a large test chamber. GSE
design, test set up time, and the degree of test difficulty all point to the risk of cost and schedule growth.

TBD

Open Date
03/15/2022

Date Status (Please provide the last 3 status) LxC (at time change/update)
o 0 Dollars to Trigger/ Start | Schedule Completion Resulting
Mltlgatlon Steps implement date uiD Date LxC

(Note: The Schedule UID is the unique id no of the mitigation step in your schedule if appropriate.
Dollars to implement are not extra approved $ from the Program Office but $ set aside as part of project budget to mitigate.)
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VSAT Key Perforiance Pararhetérs (KPP)

Key Performance Parameters
State
of the @ Threshold  Project
Key Performance Parameter Units Art Value Goal
KPP 1: Terrain Stability Terrain Slope in
degrees, combined N/A 10° /5 15° /10
with mast height
KPP 2: Mast Height' Meters N/A 5 10
KPP 3: Autonomous Deployment and 1 5 10
Deployment and Retraction Retraction Cycles
KPP 4: Specific Power? W/kg 100 45 65
Known Mission Requirements:
Array Power? 50kw 10kW
Sun Tracking Single Axis 360 360
Degree Rotation
Thermal Environment? , -180C -180C
Degrees Celsius +175C e
Specific Stowed Volume? kW/M3 60 40 60
Notes:
1) Mast Height — Mast height measured from the surface to the point at which the solar array blanket attaches to
the lower cross boom.
2) State of the Art refers to Zero-G solar array, Threshold and Goal values calculated for entire system mass at
array Beginning of Life (BOL)
3) Thermal Environment - System must be capable of surviving and operating in Lunar South Pole thermal
environment (-180C° to 175C° ) without external systems




		

		Key Performance Parameters



		Key Performance Parameter

		Units

		State of the Art

		Threshold Value

		Project Goal



		     KPP 1: Terrain Stability

		Terrain Slope in degrees, combined with mast height

		N/A

		10o  / 5

		15o  / 10



		     KPP 2: Mast Height1

		Meters

		N/A

		5

		10



		     KPP 3: Autonomous

     Deployment and Retraction

		Deployment and

Retraction Cycles

		1

		5

		10



		     KPP 4: Specific Power2

		W/kg

		100

		45

		65



		

		

		

		

		



		Known Mission Requirements:

		

		

		

		



		     Array Power2

		

		50kW

		10kW

		



		     Sun Tracking

		Single Axis

Degree Rotation

		360 

		360

		



		     Thermal Environment3

		Degrees Celsius

		-180C +175C

		-180C

 +175C

		



		     Specific Stowed Volume2

		kW/M3

		60

		40

		60



		

		Notes: 

1) Mast Height – Mast height measured from the surface to the point at which the solar array blanket attaches to the lower cross boom. 

2) State of the Art refers to Zero-G solar array, Threshold and Goal values calculated for entire system mass at array Beginning of Life  (BOL)

3) Thermal Environment - System must be capable of surviving and operating in Lunar South Pole thermal environment (-180C0  to 175C0  ) without external systems








TRL

Technical Capability Elements TRL Verification
Entry Exit Current

Array Deployment Drive Unit 3 6 3 Option Test Period (MS ID C5)

Array Gimbal 3 6 3 Option Test Period (MS ID C5)

Array Blanket 4 6 4 Option Test Period (MS ID C5)

Harness/PMAD 4 6 4 Option Test Period (MS ID C5)

Assessment is based on GRD, several vendors proposed significant heritage sub-system reuse from zero G
assets
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Presenter
Presentation Notes
Back-up

Gray out a KPP that had to be removed due to budget cuts.

https://teams.microsoft.com/_#/files/MAKE%20_FY22_APR?threadId=19%3Ac63292229acf4d8ebd374b8ff14568c2%40thread.tacv2&ctx=channel&context=MAKE%2520_FY22_APR&rootfolder=%252Fteams%252FMAKE-MAKE_FY22_APR%252FShared%2520Documents%252FMAKE%2520_FY22_APR
mailto:will.j.grier@nasa.gov
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