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Building the Future:

In-Space Assembled Telescopes

Future Assembly & Servicing Space Telescopes (FASST) Status Report
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What’s this about?

NASA's highest-priority science goals require UVOIR space telescope apertures
substantially larger than JWST, but at a manageable cost.

 Key capabilities are being developed by multiple sources that may make in-
space assembly (iSA) feasible, where aperture is not constrained by launch
vehicle.

«  Our team, working with colleagues at GSFC, STScl, LaRC, and elsewhere just
initiated its second year of engineering design work on a 20-meter UVOIR space
observatory intended to be assembled in space.

 Near-term goal in spring 2019 is report on a proof of concept in to Astro2010, the
National Academies’ Decadal Survey

Science enabled by iSA and iSA panel discussions on technology, multi-agency
coordination, other studies, etc. on Wednesday morning, 1000-1230 in Bayhill 17/18.

This work supported in FY18 & FY19 by NASA HQ SMD Astrophysics Division.
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In the Search for Life on Distant Planets
Bigger is Better
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Telescope Size Currently Limited by
Deployment Complexity, Fairing Size, and Lift
Capacity

SLS Block Ib Cargo (8.4 m fairing) <9 m telescope
SLS Block 2 Cargo (8.4/10 m fairing) ~ 12 --15 m telescopes
?”? — >15 m telescopes

Ariane 5 (4.6 m fairing)
» 40 deployable structures

* 178 release mechanisms (all of which must work for the deployment to be
successful)



Challenges in the not-so-distant future

Science will require increasingly larger telescopes for which no existing
or planned launch vehicles can deploy autonomously a la JWST.

— SLS versions are not guaranteed

Expensive telescopes and spacecrafts will continue to have relatively
short lifetimes (~10-20 years) unless upgraded.

— JWST's lifetime is expect to be 5-10 years and is not planned to be serviced

— HST is entering its 29t year of operation and still providing exceptional science

— Ground-based telescopes can have ~ 50+ year lifetimes

Deployment designs are getting more complicated (i.e. costlier) and
riskier



We need a new paradigm that
provides the capabillity to build larger
telescopes for less money and with
less risk.

We need to begin developing the
capabilities and technologies to
service and assemble future
generations of large space telescopes
and spacecraft in-space robotically
NOW.



A New Vision for Large Space Telescopes

1) Assembled in space

2) Serviced in space to extend their utility by:

replacing the instrument payloads with newer more advanced
ones

upgrading spacecraft subsystems as they wear and age
refueling to extend their lifetimes,

repairing when needed, and

incrementally enlarging the apertures over time



Why Now?

Inform the 2020 National Academies’ Decadal Survey, which is starting in a few
months, and NASA'’s Science Mission Directorate that space servicing, upgrade,
and assembly offers:

— potential science enabling capabilities: large science telescopes, extended lifetimes
— cost reduction possibilities
— risk reduction opportunities
— synergies with other NASA directorates, commercial, DoD
Technology development time

— The process of identifying, developing, and maturing the technologies to enable servicing,
repair, and assembly will take time

— We need to begin creating a technology roadmap and implementing early development efforts
in the very near future, for example using ISS as a testbed prior to its termination

Opportunity to coordinate early

— Early involvement with industry and NASA Gateway teams offers opportunities to influence
studies before designs are “frozen in”



Future Assembly & Servicing Study Team (FASST)

Early in 2017 we formed the FASST to begin a coordinated examination of in-
Space Assembly (iSA) of future astrophysics assets.
— Telescopes, interferometers, starshades

— Group members are drawn from interested members of the science and industry
communities.

« NASA GSFC, JPL, LaRC, aerospace consultants, an HST astronaut, and colleagues working on
post-JWST/WFIRST mission concepts

In September 2017, NASA SMD Astrophysics Division gave the green light to
hold a workshop on in-space assembly and servicing (iSSA)

— Purpose was to gauge the community of their interest and ideas
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-Space Assembly|and Servicing Workshop

70+ participants from government, industry, and academia

« 30 NASA Centers e 4 academia
* 29 Industry « 4 STScl

« 7 NASAHQ - 1 DARPA

Planning team chair: Harley Thronson (NASA GSFC)
November 1-3, 2017
NASA GSFC



How might iSSA reduce cost?

Eliminates engineering design work and testing required to (1) creatively fit
large structures into existing fairings and (2) autonomously deploy

Mass margins increased, reducing modeling and light-weighting costs
Reduces “ruggedization” to survive launch environment

Reduces need for new and unique ground test facilities for each mission
Leverages existing and less-costly medium-lift launch vehicles

New instruments can be swapped out without additional observatories
Reduced standing army for I&T: no systems-level performance tests

Moves architecture away from “every new telescope is a new point design”
if standardization can be agreed upon

By extending the lifetime of future observatories, fewer new observatories,
lower total cost amortized over more years.
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But iISSA may also increase cost...
Would a full-scale, robotically-assembled telescope have to be
demonstrated on the ground to mitigate concerns and risks? And
then disassembled?

Potential additional cost if any astronauts in the loop

New robotic capabilities will be required as part of iSSA that is not
required in the autonomous deployment approach.

Sending multiple modules into space will require new containers
and interfaces each having to undergo environmental testing.

New Earth-based problems yet unknown in standardization and
assembly, as well as new unknown problems created in space, will
likely need to be solved.



How does iSSA reduce risk?

Note: Reducing risk becomes increasingly more important as
mission costs increase.

Future larger observatories are likely to require more complex
deployment schemes. iSSA can mitigate risk of failure by:
— Modularizing the design enabling repair and replacement of faulty sections

— Designing servicing capabilities (robotic and/or human) into the
architecture

— Eliminate mission-ending single-point failures

In-space assembly (iSA) does not require next-generation launch
vehicles
— Several future mission concepts under study rely on the SLS Block 1 or 2,
a potential programmatic uncertainty

Launch failure need not be equivalent to mission failure



Assembling and Infrastructure for the ISAT

Activity 1b
Select a reference in-space assembly and infrastructure concept

for the "assemble-able” space telescope architecture, defining
robotics, assembly platform, orbit, and launch vehicle.
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Telescope Modularization Workshop
Caltech, June 5-7

47 invited participants from government, industry, and academia spanning the fields of
astrophysics, engineering, and robotics organized by Nicholas Siegler.
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Telescope Modularization Initial Results
Activity 1a June 2018

e 2 | + -A 20-meter off-axis f/2

FA o

telescope would serve
as a good proof of
concept

+ _No major show stoppers
were found and no
better compelling
alternatives.

The consensus was that
assembling the
reference telescope in
% ‘?f‘;;;-_sice was feasible with
< Avig a gel-anticipated
¥eChnology and
processes.
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Design Concept for Modularized Telescope
After Study Members»‘feedback - Early September, 2018

« Three analyses required
additional work
» Primary mirror truss height and
architecture
» Stray light analysis
» Sunshade architectural concept

tructural stability to enable

imary mirror WFE stability

ins a risk if the coronagraph
pEarth science is adopted

“
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Primary Mirror Rafts
37 units

, ,,l\/

Secondary Mirror
1 unit

Metering Truss (PM-SM) l')\,f

1 unit L

Instrument Support Truss
1 unit

F/30 Instrument Module

P
R F/15 & F/20 Instrument Module

1 unit each

Back Sunshade

Shroud, F/10 Instrument and Field Stop 1 unit
1 unit each

Bottom Sunshade
1 unit




Activity 1b
(started first week in September)

« Robot Candidates
 Assembly Platform Candidates
 Available Launch Vehicles

* Operations Site (SE L2)



Example Robot Candidates



Multi-Limbed Robot
Caltech/JPL; Lee et al. (2016)
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Free-Flying Robots
NASA’s Restore-L

DARPA's Robotic Servicing of Geosynchronous Satellites - GEO Platform

Credit: NASA GSFC



Robotic Arm

ISS’s Dextre and Canadarm?2

anadarm2

e

: > £ o3
N3 - N
.-

.



Assembly Platform Candidates



International Space Station
LEO




Gateway human operations and habitation
facility

Cis-Lunar orbit




Evolvable Space Telescope
NGAS

SOURCE: Polidan et al. 2016



Orbit Candidates



Architecture Enables Science
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' and Exploration at Multiple Destinations
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Launch Vehicle Candidates



Candidate Launch Vehicles

150m —
112.5m —
Est. Cost/launch
Est. Cost/launch ~s3s0m
75m — ~$62m
Est. Cost/launch
Est. Cost/launch ~$65m
~$165m - $220m
: ——
37.5m — = = 9
Human A\ T o T a w4
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Est. Cost/Launch
N/A

BLUE ORIGIN

Est. Cost/taunch
~$90m Reusable
~$150m Expendable

Super-Heavy

st. Cost/lau
~+$500m

Est. Cost/launch

~$7m*
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Est. Cost/launch

~$1.168 (adj for inflation)
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Ariane 5 (ESA)
Payload to LEO

Falcon 9 (SpaceX)
Payload to LEO

Proton-M (iLS)
Payload to LEO

y - -
DeltalV-Heavy (ULA)
Payload to LEO

21,000kg (46,297 Ib)

Height
54.7m (179ft)

22,800kg (50,300 Ib)

Height
71m (233ft)

23,000kg (51,000 Ib)

Height
58.2m (191ft)

28,790kg (63,470 Ib)

Height
72m (236f1)

New Glenn (Blue Origin)
Payload to LEO
+45,000kg (+99,000 ib)

Height
95m (312 ft)

Falcon Heavy (SpaceX)

Payload to LEO
63,800kg (140,700 Ib)

Height
70m (230ft)

L
Space Launch System B2 (NASA)

Payload to LEO
130,000kg (286,601 Ib)

Height
111.25m (365ft)

BFR (SpaceX)
Payload to LEO
250,000kg (550,000 Ib)

Height
106m (348ft)

Saturn V (NASA)
Payload to LEO
140,000kg (310,000 Ib)

Height
110.6m (363ft)




Selected Priority Activities Through Mid-2019

Increasingly Detailed Engineering Design and Cost Estimate
|dentify Priority Technology Investments
Augmented Science Program: e.g., Aperture Increases Over Time

Write and Deliver Report to SMD and Astro2020 Decadal Survey



QUESTIONS?




