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ISS Technology Demonstration Plan

Notes:

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

(T&OWG)

«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno
(JAXA), George Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem
(NASA), David Hornyak (NASA)

* Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS,
and is a subset of the many additional demonstrations planned. Please contact the T&’OWG
for information concerning the entire list of demonstration activities.

Each technology area has a supporting demonstration plan specific to that technology area
identifying technology needs, demonstrations schedule, and the technical progress these
demonstrations are making toward the technology goals.

with content owned and provided by:

MRICB and Russia manifest - ISS payload manifests

Detailed tech area goals provided by HAT team, paper NASA/TM—2012-217670 “Critical
Technology Determination for Future Human Space Flight”
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ISS ECLS Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George R
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Mars
(NASA) (Hubble image)

* Current Revision can be found at:

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a
subset of the many additional demonstrations planned. Please contact the T&OWG for information
concerning the entire list of demonstration activities.

+ Technology Area Goals based on the Global Exploration Roadmap (GER).

‘ é;rtH-Moon
with content owned and provided by: (KAGUYA imége)

MRICB - ISS manifest
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ISS ECLS Technology Demonstration Plan
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CDRA-4 on orbit operation & CDRA valve upgrade i i
troubleshooting * ACLS flight demo/validation 1SS CDRA-5 & alt tech on orbit validation >>>>> Flight Operations
' i i L
Dust tolerant selector valves (ISS, initial Potential more extensivevalve A Missi Enabled-
costing CR approved; follow on STBD) redesign depending on success of 19 fix Missions enabled.
Blower mods req’d to increase flow rate (ISS
_request, STBDK)
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ISS ECLS Technology Demonstration Plan

Air — CO2

Technical Goals:

R Y
Mars
(Hubble image)

oy

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

sjeob plemo) Buloueapy

°

Earth-Moon
(KAGUYA image)

sreob premo) Buroueapy

Adsorbent capacity (NH3), mg/g overy of 02 from CO2

W/crewperson

Opportunities to burn down risks:
1. Minimum 2 years run time on orbit?

Dependencies / Standards / Decisions needed:
1. Decision on requirement change to lower PPM CO2 from 4 to 2?
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ISS ECLS Technology Demonstration Plan
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Tech Area Goals

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; Page 8 of 73
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ISS ECLS Technology Demonstration Plan

Air—02

Technical Goals:

‘;;t""

Mars
(Hubble image)

oy

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

>
=%
<
S
=1
Q.
S
@
g
2
S
<
<]
=8
@

°

Earth-Moon
(KAGUYA image)

sreob premoy Burouenpy

Max by-product venting, %

Opportunities to burn down risks:
1. Minimum 2 years run time on orbit?

Dependencies / Standards / Decisions needed:
1. EVA purity requirements?
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ISS ECLS Technology Demonstration Plan
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Tech Area Goals

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS ECLS Technology Demonstration Plan

Water

Technical Goals:

Mars
(Hubble image)
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Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

°

Earth-Moon
(KAGUYA image)

s[eoB premoy Bulpuenpy

Opportunities to burn down risks:
1. Minimum 2 years run time on orbit?

Dependencies / Standards / Decisions needed:
1. ?
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ISS ECLS Technology Demonstration Plan

Waste
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS ECLS Technology Demonstration Plan

Waste
Technical Goals:
\WEIS
TBD (Hubble image)
Asteroid

Ex: Asteroid 243 Ida
and its moon
(Galileo image)

2 ' Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS ECLS Technology Demonstration Plan

Environment Monitoring
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ISS ECLS Technology Demonstration Plan

Environment Monitoring

TeCh n ICaI Goals : DRAFT Target Gas List (ver 07-31-2014)

Must Have
Nice to Have

May be deleted
Trace Volatile Organic Compounds mg/m3
T

i Mars
Pentane (CS-C? Alkanes) 0.01 0.5 0. ).
- oo 1 05 | s | o (Hubble image)

s|eob plemo) Buloueapy

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

sreob premol Bu

—— i

Freon 218 {perfluoropropane) 100 000 Earth-Moon
T — X X
B B < | 17 | 03 (KAGUYA image)

mm benzene

_
or P THEIHFY

Major Constituent Gas Specification Accuracy
_ Rs
: ]

Opportunities to burn down risks:
1. TBD?

__— 0 | 6 |

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Fire Protection Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George o
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Mars
(NASA) (Hubble image)

* Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a Ast.emid
subset of the many additional demonstrations planned. Please contact the T&OWG for information Ex: Asteroid 243 Ida
concerning the entire list of demonstration activities. and its moon

i (Galileo image)
«  Technology Area Goals based on the Global Exploration Roadmap (GER). alfieo image

‘ Ié:;rtl{-Moon
with content owned and provided by: (KAGUYA imége)

MRICB - ISS manifest

Fire Protection SMT
CSA ESA JAXA NASA RSA

Alessandro Hiroyuki
Bergamasco Shimamura Gary Ruff (L)

David Urban
Daniel Dietrich
Jon Graf

Mike Pedley
Harold Beeson
Richard Hill
Gary Ruff (L)
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ISS Fire Protection Technology Demonstration Plan
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ISS Fire Protection Technology Demonstration Plan

Technical Goals:

Mars
(Hubble image)

TBD

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Radiation Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George R
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Mars

(NASA) (Hubble image)
« Current Revision can be found at:
This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a Ast.emid
subset of the many additional demonstrations planned. Please contact the T&OWG for information Ex: Asteroid 243 Ida
concerning the entire list of demonstration activities. (Ga;ﬂ:os ?“nf:g“e)
+ Technology Area Goals based on the Global Exploration Roadmap (GER).
‘ é;rtH-Moon

with content owned and provided by: RO

MRICB - ISS manifest

Radiation SMT

CSA ESA JAXA NASA RSA
Christian Lange Alessandro Bergamasco Aiko Nagamatsu Dave Francisco (L)
Leena Tomi Juergen Hill (DLR)

Guenther Reitz (DLR)
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ISS Radiation Technology Demonstration Plan

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

“Earth-Moon
rTTEEEEEEEE s, - ‘AGU;/A /
H = Rad Monitor H image)
YeasssEEEsEEEEEsEEEEEEEEEEEEEEEEES

NN NN NN NN NN NN NN NS NN EEEE NN EEEENNEEEEENENEEEEEEEEEE,
=

A CHENSS =

Tech Area Goals

. . . .
E Eesa EUCPAD
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Radiation Technology Demonstration Plan

Technical Goals:

TBD

Opportunities to burn down risks:

1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?

Pre-decisional, For Internal Use Only

Mars
(Hubble image)

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

2 ' Earth-Moon
" (KAGUYA image)
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ISS Crew Health/Performance Techn’ Demo’ Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak
(NASA)

* Current Revision can be found at:

Mars
(Hubble image)

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a Ast.emid
subset of the many additional demonstrations planned. Please contact the T&OWG for information Ex: Asteroid 243 Ida
concerning the entire list of demonstration activities. and its moon

H (Galileo image)
«  Technology Area Goals based on the Global Exploration Roadmap (GER). Gallleo image

‘ Ié:;rtl{-Moon
with content owned and provided by: RO

MRICB - ISS manifest

Crew Health/Performance SMT
(oY, ESA JAXA NASA RSA

Christian Lange Alessandro Satoshi Furukawa | Craig Kundrot (L) Alexey Lushin
Bergamasco (Roscosmos)

Dianne Koons

Pat Sullivan Alain Maillet
(CNES)

Leena Tomi Juergen Hill
(DLR) Lisa Stephenson

Joern Rittweger
(DLR)
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ISS Crew Health/Performance Tech’ Demo’ Plan

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
 anhoon

(KAGUYA image)

Tech Area Goals

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Crew Health/Performance Tech’ Demo’ Plan

Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

- éartI{-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Power and Energy Technology Demonstration

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak
(NASA)

* Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a
subset of the many additional demonstrations planned. Please contact the T&OWG for information
concerning the entire list of demonstration activities.

» Technology Area Goals based on the Global Exploration Roadmap (GER).

with content owned and provided by:

MRICB - ISS manifest

Mars
(Hubble image)

Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

‘ éartH-Moon
(KAGUYA image)

Power and Energy SMT CSA ESA JAXA NASA RSA
Alessandro Masayuki Goto
Bergamasco James Soeder (L)
Frederic Masson Takeshi Hoshino
(CNES) Tim Lawrence
Tony Clark

Dave Hoffman

Ray Beach

: /7 »
& @esa FFH
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ISS Power and Energy Technology Demonstration Plan

Power Generation

Mars
(Hubble image)

R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE,
o Advanced Solar Array H ‘
“asEEEsEEEEEEEEEEEEEsEEEeennnnnnnnnnnn’
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
S Leon

(KAGUYA image)

Tech Area Goals

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; 0 Page 26 of 73
@Cesa -4

< Revision K, 10/01/2014

Proposed but NOT Funded _
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ISS Power and Energy Technology Demonstration Plan

Power Generation
Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Power and Energy Technology Demonstration Plan

Energy Storage

Mars
(Hubble image)

"y
Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

N EEEEE NSNS EEEEEEEEEEEEEEEEEEEEE,

##%Non-flammable Li-lon Battery =

°
asssssEEEEEEEEEEEEEEEEEEEEEEEEE? T T
g%ﬁon

(KAGUYA image)

NN NS EEEE NN EEEEEEEEEEEREEE,

1@ Cesa-#Regenerative Fuel Cell E

AsEEEsssEEEEEEEEEEEEEEEEEEEEnEn?

Tech Area Goals

» Proposed but NOT Funded

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Power and Energy Technology Demonstration Plan

Energy Storage
Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Robotics and Autonomy Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak

(NASA)

 Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a

subset of the many additional demonstrations planned. Please contact the T&OWG for information

concerning the entire list of demonstration activities.
» Technology Area Goals based on the Global Exploration Roadmap (GER).

with content owned and provided by:

MRICB - ISS manifest

Robotics and Autonomy SMT

Mars
(Hubble image)

Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

‘ éartH-Moon
(KAGUYA image)

CSA ESA JAXA NASA RSA
Christian Lange Alessandro Hitoshi Morimoto | Rob Ambrose
Bergamasco
Eric Martin Philippe Tomoya Suehiro | Phil Callen
Schoonejans
Michel Wander Juergen Hill Sachiko Bill Bluethmann
(DLR) Wakabayashi
Bernd Schéfer Brian Wilcox
(DLR)
Terry Fong
Rob Mueller
Ben Reed
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ISS Robotics and Autonomy Technology Demonstration Plan

Sensing and Perception

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
= ,Iﬁ:":i % =2

- 0 7
= Rendezvous & inspecytion Sensor . (AGUYA image)
(DDVS) .
»

NETET]

Tech Area Goals

Existing Project Details can be found at the ISS Science Web;

Projects related to exploration are listed at each SORR; -
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ISS Robotics and Autonomy Technology Demonstration Plan

Sensing and Perception

Technical Goals:

Mars
(Hubble image)

TBD

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Robotics and Autonomy Technology Demonstration Plan
Mobility / Manipulation

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

gﬂ;mon’ii

(KAGUYA image)

Tech Area Goals

~ .

H
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Robotics and Autonomy Technology Demonstration Plan

Mobility / Manipulation
Technical Goals:

Mars
(Hubble image)

TBD

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Robotics and Autonomy Technology Demonstration Plan

Human-Systems Integration / Autonomy

Mars
(Hubble image)

O
"y
[ Expected Capabilities Unknown & ‘tm " Robots Working Side-by-Side. 5 Asteroid
. E T L A A Ex: Asteroid 243 Ida

and its moon
(Galileo image)

e

B
Human-robotic collaboration ~Mﬁ7§eon i

.
.
! |
| .
. .
! I
R
| giaRsmmEaEEEEEaEEEREEREERERREEEE, ~ (KAGUYA image)
. . Dexterous Robot EVA/IVA .
"an lllllllllllllllllllllllllll.
- .ll llllllllllllllllllllllllllll-
= Autonomous Robotics =
'lllllllllllllllllllllllllllllll'
.
.
.
.
.
.
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Tech Area Goals

= Human Assist Robot H
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Robotics and Autonomy Technology Demonstration Plan

Human-Systems Integration / Autonomy

Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Robotics and Autonomy Technology Demonstration Plan

Autonomous, Rendezvous/ Docking

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

° Expected Capabilities Unknown |

°
- /:ﬁW -
= - TN e et |
- Ear -]\/ﬁ’on o]

~ (KAGUYA image)

Tech Area Goals
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H @ Rendezvous & Docking Sys'in Déep. =

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; Page 37 of 73
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ISS Robotics and Autonomy Technology Demonstration Plan

Autonomous, Rendezvous/ Docking

Technical Goals:

Mars
(Hubble image)

TBD

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Comm and Nav Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George

Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Sl
(NASA) (Hubble image]

 Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a ‘

subset of the many additional demonstrations planned. Please contact the T&OWG for information Asteroid
concerning the entire list of demonstration activities. Fxs Askarold 243 1da
« Technology Area Goals based on the Global Exploration Roadmap (GER). (Galileo image)
with content owned and provided by: e e

MRICB - ISS manifest

CSA ESA JAXA NASA RSA

Comm and Nav SMT

Alessandro Koji Yamanaka Marc Seibert

Bergamasco

Diego De Rosa

Berengere Houdou
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ISS Comm and Nav Technology Demonstration Plan

Communication / Internetworking

» Proposed but NOT Funded _
Sessssssnsnnsnnnnnnnnnnnnnnnl

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Comm and Nav Technology Demonstration Plan

Communication / Internetworking
Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Comm and Nav Technology Demonstration Plan

Position, Navigation and Timing

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

| Expected capabilities are similar .
cl-----------------------------.- 4-?1\76%)]'1"‘ "
= Xray Nav : ~ (KAGUYA image)
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Tech Area Goals

» Proposed but NOT Funded

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; Page 42 of 73
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ISS Comm and Nav Technology Demonstration Plan

Position, Navigation and Timing
Technical Goals:

Mars
(Hubble image)

TBD

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Operations Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak (NASA) i

H . \ETS
Current Revision can be found at: (Hubble image)

Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a
subset of the many additional demonstrations planned. Please contact the T&OWG for information
concerning the entire list of demonstration activities.

Technology Area Goals based on the Global Exploration Roadmap (GER).

with content owned and provided by: e
Earth-Moon
(KAGUYA image)

MRICB - ISS manifest

. CSA ESA JAXA NASA RSA
Autonomous Mission
Operations SMT Yves Gonthier Alessandro Takayoshi
Bergamasco Nishikawa Jeremy Frank (L)
André Jodoin Matthias Maurer David Korth
Christian Lange Mikael Wolff Bill Spetch
Edward Tabarah Jean-Paul
Berthias (CNES) L Morin
Juergen Hill
(DLR) M Lowry
R McCann
D Alfano
A Stroupe
S Love
a =5 4 Page 44 of 73
& Qesa 4 by Revision K, 10/01/2014
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ISS Operations Technology Demonstration Plan

Flight Crew Analogs

- ==ammmE,

CE EeE

*

' .
!  Marslanding &
surface
*...simulation f....*
R P TN
= Two, 6 month =
i increments  :
within 500 days =

Yssnsmnmnsfannnnnnnnt

» Proposed but NOT Funded

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
~ dannoon
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Tech Area Goals
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ISS Operations Technology Demonstration Plan

Technical Goals:

TBD

Opportunities to burn down risks:
1. TBD?

Flight Crew Analogs

Dependencies / Standards / Decisions needed:
1. TBD?

Pre-decisional, For Internal Use Only

Mars
(Hubble image)

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)
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ISS Operations Technology Demonstration Plan

Air-to-ground Comm Sims

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)
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- Eorthoon

(KAGUYA image)

& Coaro e

Tech Area Goals

&

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Operations Technology Demonstration Plan

Technical Goals:

TBD

Opportunities to burn down risks:
1. TBD?

Air-to-ground Comm Sims

Dependencies / Standards / Decisions needed:
1. TBD?

Pre-decisional, For Internal Use Only
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(Hubble image)
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Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)
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ISS Thermal Management Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

«  Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA),
George Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David :
Hornyak (NASA) (Hubble mage)

* Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a

subset of the many additional demonstrations planned. Please contact the T&OWG for information Asteroid
concerning the entire list of demonstration activities. Fxs Askarold 243 1da
+ Technology Area Goals based on the Global Exploration Roadmap (GER). (Galileo image)
with content owned and provided by: e e

MRICB - ISS manifest

Thermal Management SMT | csa ESA JAXA NASA RSA
Alessandro Kiyoshi Kinefuchi | Craig Dinsmore
Bergamasco
Vincent Leudiere Tomomi Suzuki Richard Morton
(CNES)

Brian Motil

Ryan Stephan

Ron Lewis

Howard Wagner

, A
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ISS Thermal Management Technology Demonstration Plan

Cryogenic Systems

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
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H " = . n
i Cryogenic Liquefaction . g AR A O., !
K . - (KAGUYA image)
.

Expected capabilities are notknown |
Tech Area Goals
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In-Space Cryogenic Propellant
o S
torage
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» Proposed but NOT Funded

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; Page 50 of 73
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ISS Thermal Management Technology Demonstration Plan

Cryogenic Systems

Technical Goals:

«  Cryo-cooling for Zero boil-off cryogenic storage and handling -
Liquid-vapor separation and liquid acquisition espie e
«  Tank pressure control ‘ |
« RF and acoustic mass gauging e

 Reusable In-Space Cryogenic Disconnects s moon
- . . alileo image
Low-conductivity structure and insulations

‘ EartH-Moon
(KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. Fuel to be stored is Methane or Hydrogen?
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ISS Thermal Management Technology Demonstration Plan

Thermal Control Systems

Mars
(Hubble image)

A

Asteroid
Ex: Asteroid 243 Ida
and its moon
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E - Variable Heat Rejection . (Galileo image)
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~ (KAGUYA image)
asmmmssEmEEEEmEEEEE,
= ... High Efficient H
R H
:% Radiator H

YssEEEEEEEEEEEEEEEEES

Tech Area Goals
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Thermal Management Technology Demonstration Plan

Thermal Control Systems

Technical Goals:

. Low-mass heat rejection “topping” capability for cyclic thermal environments N
. Contamination-insensitive heat rejection for space suit systems e
. Two-phase fluids management (provide microgravity phase separation) (Hubble image)

. Active thermal control “turn-down” capability for missions with high variability in
thermal environments and heat loads

. Lightweight-efficient heat exchangers and cold plates Asteroid

. Low-toxicity, high-performance thermal transport fluids (enables single-loop) oo
. Human thermal modeling and system integration capability (Gatileoimage)
. In-space radiator repair (increase from limited connectors/fluid lines) .

. Multi-layer insulation with reduced effective emissivity (Ki?;rﬁ'm?fa"g -
. Advanced heat straps and thermal switches

. Low-conductivity structure

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1.  Thd?

: Py e
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ISS Thermal Management Technology Demonstration Plan

Thermal Protection Systems

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
 dannoon

~ (KAGUYA image)

Tech Area Goals

Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR; Page 54 of 73
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ISS Thermal Management Technology Demonstration Plan

Thermal Protection Systems
Technical Goals:

«  TPS for high-energy Earth re-entry (>11.5 km/sec) to address current material .
limitations and obsolescence issues Mars
+  High-temperature ablative materials (rubble mage)
* Flexible, low-thermal conductivity materials for use on rigid or deployable systems
enabling lower heat flux and higher ballistic coefficient while packaging in existing ‘ ~

shrouds Asteroid
- In-space TPS repair with increased capability beyond STA-54 developed for shuttle tile ~  sna tmoon
repair (Galileo image)
«  TPS Test Facilities/Techniques o
* High temperature blankets Sl

. . (KAGUYA image)
*  Material response models for new materials

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. Fuel to be stored is Methane or Hydrogen?
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ISS EVA Technology Demonstration Plan

Mars
(Hubble image)

"y
Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS EVA Technology Demonstration Plan

Technical Goals:
« TBD

Ma}s
(Hubble image)

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

2 '“ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Entry, Descent Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George

Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Sl
(NASA) (Hubble image]

 Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a ‘

subset of the many additional demonstrations planned. Please contact the T&OWG for information Asteroid
concerning the entire list of demonstration activities. Fxs Askarold 243 1da
« Technology Area Goals based on the Global Exploration Roadmap (GER). (Galileo image)
with content owned and provided by: e e

MRICB - ISS manifest

Entry Descent and Landing SMT

CSA ESA JAXA NASA RSA
Alessandro Tatsuaki Michelle Munk
Bergamasco Hashimoto
Pierre Omaly
(CNES)
y e £ Page 58 of 73
2 Eesa e B L) poision K 10/01/2014
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ISS Entry, Descent Technology Demonstration Plan

Instrumentation and knowledge

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

°
- Gntoon
~ (KAGUYA image)

Existing Project Details can be found at the ISS Science Web;

Projects related to exploration are listed at each SORR; -
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ISS Entry, Descent Technology Demonstration Plan

Instrumentation and knowledge
Technical Goals:

- TBD

Mars
(Hubble image)

™

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Entry, Descent Technology Demonstration Plan

Aeroassist and Entry

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)
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Tech Area Goals
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Existing Project Details can be found at the ISS Science Web;
Projects related to exploration are listed at each SORR;
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ISS Entry, Descent Technology Demonstration Plan

Aeroassist and Entry
Technical Goals:

- TBD

Mars
(Hubble image)

w»

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

~ Earth-Moon
" (KAGUYA image)

Opportunities to burn down risks:
1. TBD?

Dependencies / Standards / Decisions needed:
1. TBD?
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ISS Propulsion Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George ‘,
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak (Hubgf;if;a o
(NASA) ¢

* Current Revision can be found at: ‘

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a Asteroid

subset of the many additional demonstrations planned. Please contact the T&OWG for information Ex: Asteroid 243 Ida

concerning the entire list of demonstration activities. o e

» Technology Area Goals based on the Global Exploration Roadmap (GER).

‘ Ié:;rtl{-Moon

(KAGUYA image)

with content owned and provided by:

MRICB - ISS manifest CSA ESA JAXA NASA RSA
In-space Propulsion SMT Alessandro Kiyoshi Kinefuchi Les Johnson

Bergamasco

Jean-Marc Ruault Shintaro Nishihira Leslie Alexander

(CNES)

John Applewnhite

Sonny White

Chuck Taylor

David Jacobson

Dave Manzella

Harold Gerrish

John Warren
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ISS Propulsion Technology Demonstration Plan

Electric Propulsion

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)

Expected Capabilities Unknown

Tech Area Goals
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Existing Project Details can be found at the ISS Science Web;

Projects related to exploration are listed at each SORR; -
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ISS Propulsion Technology Demonstration Plan

Technical Goals:
« TBD

Opportunities to burn down risks:

1. TBD?

Electric Propulsion

Dependencies / Standards / Decisions needed:
1. TBD?

Pre-decisional, For Internal Use Only
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ISS Destination Systems Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG
« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George

Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak Sl
(NASA) (Hubble image]

 Current Revision can be found at:

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a ‘

subset of the many additional demonstrations planned. Please contact the T&OWG for information Asteroid
concerning the entire list of demonstration activities. EX::;;eift‘S”ii‘;i Ida
« Technology Area Goals based on the Global Exploration Roadmap (GER). (Galileo image)

‘ Ié:;rtl{-Moon
. . (KAGUYA image)
with content owned and provided by:
MRICB - ISS manifest

Destination Systems

: Py e
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ISS Destination Systems Technology Demonstration Plan

Sustainability & Supportability

Mars
(Hubble image)

Ny
Asteroid
Ex: Asteroid 243 Ida

and its moon
(Galileo image)
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ISS Destination Systems Technology Demonstration Plan

Sustainability & Supportability : wher
* Technology Area Goals need more specific definition. Mars
«  Existing proposals in Tech Area need to be compared to Tech Area Goals for progress. (Hubble image)
» New proposal areas need to be identified if the existing demonstrations do not meet tech area goals.

Asteroid
Ex: Asteroid 243 Ida
and its moon
(Galileo image)

Advanced Habitat Systems :

» é;rtI{-Moon
«  Technology Area Goals need more specific definition. (KAGUYA imége)
«  Existing proposals in Tech Area need to be compared to Tech Area Goals for progress.
* New proposal areas need to be identified if the existing demonstrations do not meet tech area goals.
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ISS Struc and Mech Technology Demonstration Plan

ISS Technology Demonstration Program is compiled and maintained by the Tech and Ops WG

« Christian Lange (CSA), Sylvie Espinasse (ESA), Tsuyoshi Ito (JAXA), Hiroyasu Mizuno (JAXA), George
Nelson (NASA), Igor Soroki and Olga Emeldyashcheva (RSA), Andrew Clem (NASA), David Hornyak
(NASA)

* Current Revision can be found at:

Mars
(Hubble image)

b

This demonstration plan highlights the highly recommended technology demonstrations on ISS, and is a

subset of the many additional demonstrations planned. Please contact the T&OWG for information Asteroid
concerning the entire list of demonstration activities. Fxs Askarold 243 1da
» Technology Area Goals based on the Global Exploration Roadmap (GER). (Galileo image)
with content owned and provided by: S el

MRICB - ISS manifest

Structure and Mechanisms SMT

CSA ESA JAXA NASA RSA
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Materials, Mechanisms
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Structures
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ISS Struc and Mech Technology Demonstration Plan

Materials, Mechanisms :
«  Existing proposals in Tech Area need to be compared to Tech Area Goals for progress.

M
* New proposal areas need to be identified if the existing demonstrations do not meet tech area goals. (Hubbleairrsnage)

Asteroid

Ex: Asteroid 243 Ida
and its moon

Structures : (Galileo image)
«  Existing proposals in Tech Area need to be compared to Tech Area Goals for progress.

+ New proposal areas need to be identified if the existing demonstrations do not meet tech area goals. —
(KAGUYA image)
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