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>100 gigabit/s cislunar (Earth or lunar ork
» >10 gigabit/s Earth-sun L1 and L2,
» >1 gigabit/s per AU-squared deep space
» >100 megabit/s planetary lander to orbiter.
» Laser communications telescopes (LCTs):
» 30-100 cm CA, WFE <62 nm, cumulative WFE and fransmission loss < 3-dB (far field)
» Advanced thermal/stray light design for operation while sun-pointing (3-degrees)
» -20° C to 50° C operational range (wider range preferred)

» Areal density <é65kg/m?.
» Common solution of interest: Silicon Carbide and 3D printing or additive manufacturing

NASA NEEDS FROM THE DECADAL SURVEY



WORLD INTERNET USAGE AND POPULATION STATISTICS
DEC 31, 2017 - Update

WordRegions (ORI LiWend 'DTOw 20 Rewwpop) 200301 Uuersoe

. 1,287,914,329 16.9% 453,329,534 352% 9,941 % 109 %

» December 31, 2017 “Internet World s e hews  mx e e
Stats e.shmafes that there are 4.2 billion L o o = o
global internet users s sk mewm  wex  ms o7

Global Internet data transfer (exabytes/month; 1 exabyte = 1 billion gigabytes)
278.1

» CISCO: 24% CAGR for data transfer
between 2016 and 2021

» 278.1 exabytes by 2021

Company Constellation

Creation of constellation in several stages:

1 stage: 1,600 satellites

2 stage: 2,825 satellites (altitude: 1,100 to 1,325 kilometres)
3 stage: 7,518 satellites (altitude: 340 kilometres)

Total number of satellites: 11,943

» Companies planning high-volume
space satellite networks include Telesat, , —

H Creana.\ d?sdoﬂtu(ah?tudo'looowlfaﬁokﬂmnes)

SPGCGX, Kaskilo and Leosat ;$S::7Mos(amm§1:ooom.zsomonnms)

Constellation of 300 satellites (altitude: 1,100 kilometres)

Creation of constellation in several stages:
1 stage: 78 satellites
2 stage: 30 satellites (altitude: 1,400 kilometres)

MASSIVE COMMERCIAL MARKET
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> Print general asphe

> Demonstrate Super-Dimensionally Stable Structural Grade

> W.R.T. BASELINE RoboSiC (100% SiC) Structural Grade is Lower Density, Higher Stiffness, Higher
Strength, Lower Coefficient of Thermal Expansion and other Multi-Functionality

> Phase Il Plan

> Deliverables: New Technology Called RoboSiC™
> Yax 80 and 1/4x 20 threaded RoboSiC bolts
> 10-30 mm diameter printed RoboSiC OAP substrate & DD Form 250

TECHNICAL OBJECTIVES
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p E Elp oy alp o k C, D=ki/pC, kloy Dla. v
Room Temperature Property:  Density Young's Specific Tensile Specific Thermal  Thermal Specific Thermal  Steady State Transient Poisson's
Modulus Stiffness Strength Strength Expansion Conductivity Heat Diffusivity ~ Stability  Stability Ratio
Units:  kg/m?® GPa MPa-m’kg Mpa MPa-m’kg 10°K WimK  jkg-K  10%m%s  W/um m’-K/s  arbitrary
Preferred Value:|  Small Large | Large | Large | Large Small Large Large Large Large Large
Zerodur 2530 90.3 36 variable | variable -0.09 1.46 800 0.72 -16.22 -8.01 0.24
M55J/954-6 T300/954-6 Axial 1742 53 30 0.125 10 7
M55J/954-6 T300/954-6 Hoop 43 /
Invar 36 8050 141 43 276 0.03 1 10.4 520 2.48 10.40 2.48 '
Aluminum:6061 2700 68 25 276 0.10 22.5 167 900 68.72 7.42 3.05 0.33
Single Crystal Silicon 2330 130 56 120 0.05 2.5 148 750 84.69 59.20 33.88 0.24
SiC: Sintered (alpha) 3100 410 132 0.00 4.02 125 670 60.18 31.09 14.97 0.14
SiC: Reaction Bonded 2950 364 123 300 0.10 2.44 172 670 87.02 70.49 35.66 0.18
Carbon Nanotube 2100 1060 505 100000 | 47.62 -12 3000 750 1904.76 -250.00 -158.73
Graphene Nanosheet 2100 1000 476 130000 | 61.90 -8 3000 750 1904.76 -375.00 -238.10
RoboSiC-Optical 3210 460 143 470 0.15 2.2 380 640 184.97 172.73 84.08 0.21
RoboSiC-S-R1 3198.9 466 146 1465.3 0.46 2.058 406.2 641.1 198.07 197.38 96.24 0.21
FACTOR OF IMPROVEMENT 4.08 <-- COMPARED TO Zerodur--> 274.58 -12.17 -12.01
4,79 <-- JWST--> -2.47

PATENT PENDING RESULTS ARE ASTONISHING




» RoboSiC-S can provide the thermal stability required for Lasercom and other mission requirements

CTE (ppm/K) VS TEMPERATURE (K)

Near-Zero CTE
OST, LUVOIR, etc.

Lasercom
1.934 ppm/K avg

250 300

——Beta-SiC ——RoboSiC-S ——Silicon

"FLAT" CTE VS T IS HIGHLY DESIRABLE
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"BOLT-TOGETHER DESIGN" FOR LOW /
COST ASSEMBLY/ALIGNMENT




OFF-AXIS PARABOLIC DEMONSTRATOR
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