Science Technology

Mission Directorate 2018 Technology Demonstration Industry Day Demonstration MO

Technology Title: | Solar Sail Propulsion System

Affiliation: NASA Marshall Space Flight Center

Assumptions: Technology required to be at TRL 5 by 2021

Technology Description, Current Performance Metrics, and Current TRL Industry State of the Art Technology Performance
Performance Goals 4* - JAXA demonstrated spin-stabilized sail, interplanetary sail
- Solar Sail Propulsion System developed for the Near Earth Asteroid (NEA) propulsion using ~200 m? in 2010.
Scout mission including sail, booms, deployer, active control of center-of- - LightSail-A demonstrated Earth orbital sail deployment of 32 m?
mass/center-of-pressure offset for momentum management, thrust models, in 2015
and flight trajectory algorithms. TRL By - Composite booms scalable to sizes larger than NEA Scout 6.8m

booms demonstrated
- 2.5 micron aluminized Colorless polymer-1 solar sail

- fPropclellzfmtlless interplanetary propulsion to achieve high DV missions without May 2021
uel limitations.
Sail Area: 86 square meters 5/6
Characteristic Acceleration: 0.06 mm/sec?
Current design fits within 2.5U (1U = 10cm X 10cm X 10cm

Technology Development Challenges to Meet TRL Goal Potential HPD Science Application ( Optional )

Many Heliophysics destinations will require sails larger than NEA Scout, up to 1000
mA”2 in area. To achieve this goal, the following will be required:

1) Flexible and robust support structure

2) Momentum management systems

3) Scaled thrust models

4) Advancements in large flexible membrane dynamic analysis

5) Ground processing improvements reducing handling risks

6) Embedded attitude control and power generation technologies

Contact Information Additional Comments
Les Johnson *  *The current TRL for the sails larger than NEA Scout. NEA Scout solar sail is TRL-
Les.johnson@nasa.gov 6.

* STMD partnership between University of Maryland and NASA MSFC explored
Tiffany Lockett potential technologies to embed attitude control devices into sail material

tiffany.lockett@nasa.gov * Future technology infusion potential with thin-film photovoltaics
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Solar Sail Development Since 2000

» NASA
* In-Space Propulsion
e Nanosail-D
e Sunjammer Technology Demonstration Mission*
e Near Earth Asteroid Scout

» The Planetary Society
e Lightsail-A

e Lightsail-Il y

> International /LA NETARY

e IKAROS Sociery
e (Gossamer “
e [nflateSail

e DeorbitSall European
e Cubesail
« JAXA Power Sail
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~Scalable*Square*Solar Sail

'Source: Colin Mclnnes, Solar Sailing: Technology, Dynamics, and Mission Applications




Near Earth Asteroid Scout Spacecraft
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A fully functional planetary Camera
spacecraft in a shoebox (JPL)
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Solar Sail Subsystem

RCS Interface
Solar Sail Spool

Active Mass
Translator

Stepper Motor and Pin Puller
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CP1 Full Scale Aug 2016







EDU Deployment Test at NeXolve Facility

EDU Testing included ascent vent, random vibration, thermal vacuum, and
full scale deployments




STMD Collaborative Partnership FY16-17

> Smallsat Technology Partnership: NASA-University Collaborations

« MSFC/UMD Partnership: Propellantless Attitude Control of Solar Sails Utilizing Reflective Control
Devices

« Taking a terrestrial application and researching potential usage in space

Rotational (a) :
. Solar sail
motion A o —
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SEM HV: 5.0 kV Stage Tit: 0.0°

View field: 10.00 ym  SEM MAG: 55.4 kx 2

Date(midly): 05/10116 Valery Ray

https://www.nasa.gov/directorates/spacetech/small_spacecraft/index.html

http://www.nasa.gov/content/smallsat-technology-partnership-selections-nasa-university-collaborations



Reflective Control Device Characterization Research

Switching behavior m
(b) Electric field (V/um) (c) OFF ON
0 1 2 3 4 RSIp RS/
T T T T T T T N e L )= \QE T"’
08 0.8 Wg—o—r > 35 80
_S 5 M
$ 06 9 06 _
Soat- S04 -
3 3
5.1 l 15,0 ] 22 50
J —
il |
0.0 ! L ! L | L 0.0 Lo—o——om oo oo o ol A e
0 20 40 60 80 100 120 140 400 450 500 550 600 650 700 750
RMS voltage (V) Wavelength (nm)
Angular dependence n o
o I 00 15 35
- p 45 o ) 315 600nm
_ - . : - 650N
_ = . 700nm
Tunable Laser / a .
225 Incidence 8 20
- 800nm
= 900nm
15 - 1000nm
; 1100nm
: 5 13
E
2 Incidence
135-90 -45 0 45 90 135
Angle (deg)







