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Far-Infrared Surveyor NASA Contract NNX17CM29P

SPIE Mirror Technology Days
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» Lead Materials Process
Energy Laser Systems (SBL, THEL,

» Telescopes for Space and Airborne Applications

» Survivable Technologies for Cryo, Space, Nuclear, Laser
» Goodman Technologies LLC (GT)

» 3D/AM Technology> Ceramics & Ceramic Matrix Composites

» Coaching> Performance & Results for Business/Individuals

» Mergers & Acquisitions, Growth Capital for Middle Market
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Thermoplastic Composite
» Small Business Partners: Mafterials and Processes

» New Mexico Small Business Assistance (NMSBA) Grant
» Backreach to Sandia National Laboratory
» Ceramics, CMCs & Multiple Types of Additive Manufacturing & 3D Printing

KEY PARTNERSHIPS IN ACADEMIA, INDUSTRY AND
RESOURCES OF NATIONAL LABORATORY
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RESULTS OF GT INTERNAL RESEARC
AND DEVELOPMENT

Print in Space 2 1 kg/m
Cost to Print of $60K/segment - Space Maybe $10K
Optical Surface tailorable to nanometer-scale tolerances

Encapsulated lattice construction provides uniform CTE throughout the part
for dimensional stability, incredible specific stiffness, and the added benefit of /

cryo-damping. GREAT FOR MIRRORS AND STRUCTURES.

Process allows direct embedding of electronics for active structures and
segments, and the potential for actively cooling with helium for
unprecedented low emissivity and thermal control (Analogous to the SLMS™
Technology Developed and Proven by Goodman & Jacoby 1998-2007)
Process highly-suitable for printing mirrors in micro-gravity

Provisional Patents Filed
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FEASIBILITY OF PRINTED CERAMIC MIRROR
SUBSTRATES DEMONSTRATED JULY 2016



» Demonstrate feasibility o
mirrors and structures

» Technology Development Roadmap shows production of 15t meter-
class mirror segments by 2020 Decadal Survey /

» 1.5-meter hexagonal SiC segments will meet or exceed all NASA
requirements for the primary mirror of a FIR Surveyor such as the
Origins Space Telescope (OST), and may also provide a solution fo
the LUVOIR Surveyor

» New Technology Called RoboSiC™

NASA AWARDS GT PHASE | SBIR




visionary (20+ years — notional Mapper missior

» Assuming a 20-m aperture Far-Infrared Surveyor (Origins Space
Telescope), a 16-m aperture LUVOIR Surveyor, and 500 m?
collection area for the ExoEarth Mapper, then at least 1015 m? of
mirrors are required by NASA in the next 30 years.

» At the NASA target price of $S100K/m?2 this represents a
marketplace totaling over $101M for the Mirrors alone .

NASA COMMERCIAL APPLICATION
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SCALABLE TO LARGE PLATES/DEPT
1.2 X 1.2 METER PROTOTYPE MACHINE
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bbb Lot

As-Printed and Cured. Feature sizes <0.8mm
Also demonsirated joining in “green-state”

PHASE | NASA MID-TERM RESULTS
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IR&D RESULTS: PRECISION LAPPING,
JOINING & CERAMIZATION
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IR&D RESULTS: CERAMIC GRINDING
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PROVEN AGAIN > GRIDS PRINT-THROUGH
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« 30 min material prep, 20 minutes to print
« One Small Machine Can Print 1.2m?/day
« <1l-yearto Print a 20m Aperture

« Large Machine 2-months?

« Several Patent Pending Ways to Ceramize
« HUGELY Disruptive for the Optics Industry

BETTER BUILDING BLOCK FOR DIMENSIONAL STABILITY,
SPECIFIC STIFFNESS AND/OR ACTIVE COOLING
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g Improve and Op
 Tailor Process for Large Prototype Ma
« Combined 3D & Additive Manufacturing Approach for Large

« Other Plans in Technology Roadmap:
« Polish 3RB-SIC and RoboSIC at Coastline Optics
 More Patent Pending Disruptive Technology Demos

NEXT STEPS



» Tremendous Growth Pote
Product Verticals and Markets

» GT is actively seeking Growth Equity Partner and Capital

SUMMARY



