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Satellite Servicing Capabilities Office (SSCO

« SSCO at NASA's Goddard Space Flight Center exists to:

— Advance the state of robotic servicing technology
to enable the routine servicing of satellites

— Position the U.S. to be the global leader in in-
space repair, maintenance and satellite disposal

— Help to enable a future U.S. industry for the
servicing of satellites
« SSCO has conducted numerous mission
studies on manned and robotic servicing
concepts (study report at ssco.gsfc.nasa.gov)

* Currently concentrating on a GEO Servicing
concept

— RFI Development of an On-Orbit Robotic
Servicing Capability for Spacecraft

— Technology development efforts in full swing

— Notional mission requirements and concept of
operations nearly complete

— Assumes initial servicing of a US Gov't vehicle
— Expendables allow for servicing of several more vehicles

— Using a straw-man (custom) bus design to mature
system requirements and evaluate feasibility
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SSCO Servicing Tasks: “The 5 Rs”

Servicing Vehicle Conceptual Layouts

Remote Survey
— Diagnose problems
— Visual inspection of client vehicle
— Visual close range inspection while
mated, or from a corridor approach
Relocation
— Maneuver client vehicle for relocation,
disposal, station-keeping, etc
Refueling
— Hydrazene, MMH, NTO
— Re-pressurization (He) of client prop
system
Repair
— Fix stuck or malfunctioning deployable

— Clear sunshade/blanket obstruction of
instrument or communications paths

Replace ORU

— Isogrid and available power on Servicer
to receive future ORUs

— ORUs delivered by a re-supply vehicle
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Comparison with Previous Efforts

Robotic Servicing Capabilities XSS-11 ISS (0]
Cut/Manipulate Blanket

Prop Transfer via ground F/D valve
Deploy/retract propellant hose
Complex robotic repairs

Simple robotic repairs
Non-cooperative client vehicle capture X
Advanced flight processor
Transfer ORU X X

X
X
X
X
X
X
X
X
Transfer Oxidizer X x|
X
X
X
X
X
X
X
X
X
X
X

Transfer Fuel X
Meter Propellant Flow
Autonomous capture

Ground contact dynamics test bed
Lidar-based 6DOF pose X
Visible/IR Cam 6DOF pose
Tool Capture and Stowage
Robot Tool Drive
Inspection proximity operations X
Relative Navigation Filter X
Mission Autonomy Software X X
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~ Servicing Payload

Servicing Payload Notional Layouts

« Payload Deck —_— J ‘

— Robot arms, RPO sensors,
tools, sit. awareness and
remote survey cameras

— Client berthing mechanism
» Tool Stowage

— Includes tool launch locks

— Prototype built and tested

« Payload Avionics
— SpaceCube 2.0
— Video storage and comp. unit
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SpaceCube 2.0 ETU (ISE-2.0) on
STP-H4 (launch to ISS 2013)
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Robot Subsystem

« Servicing payload has options
for 2 or 3 7DOF robotic arms

« SSCO Robotics Testbeds
— Full 6-DOF contact dynamics

— Motion platforms for tool and
sensor test

— Robot FSW Development

— Migration of robot software to
SpaceCube 2.0 emulator
underway

— Key autonomous non-coop
capture tests in 3ADOF
(complete) and 6DOF
(underway)

« Capture tests w/ Marman Ring
Gripper Tool

— 400+ capture tests on
FREND EDU w/ 3-DOF
air table at NRL
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Advanced Tool Drive and Tools

« Robotic Refueling Mission (RRM)

manipulation, wire cutter, cap
removal, nozzle tool with quick
disconnect, etc

« Advanced Tool Drive System
— 3 prototypes built/tested
— Includes linear drive, 2x rotary
drives, tool coupler, camera
pointing system
 Marman Band Gripper

— Prototype built and tested with
FREND arm

— Currently testing at GSFC w/
ATDS, 6DOF contact dynamics,
multiple Marman rings, lab robot
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Propellant Transfer System

« Hose Management
— Reel/Box Prototypes
built (KSC)
— Testing underway
with prototype Nozzle
Tool configurations
« Component Testing
— WSTF Materials
compatibility tests
— PTS Testbed at KSC
— Testing pumps, flow
meters, bellows
accumulator, etc E V&
— Testing with NTO 2=
ref. fluid complete
« Oxidizer is a key challenge...
design philosophy is to avoid
dynamic seals
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AR&D Ground Testbed (Argon)

« Visible (2) and IR
cams, flash LIDAR

 Non-coop. pose —
GNFIR and Flashpose

 Relnav filter, G&C in
SpaceCube 1.0 EDU

 Tested at GSFC, NRL
Prox Ops Testbed

: ‘-.K...'. % .
-Argon at NRL Pro(ﬂnity Ops-
N, /| Testbed
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-~ New Servicing Tec

« Significant progress in
FY11-12, most critical

technologies to at least
TRL 5

 FY12-13 funding brings

critical technologies to
TRL 6
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Ground and Ops
6DOF Testbed
AR&D Support
Robot Tele-Op

Payload Module
Tool Stowage
SpaceCube 2.0
Mission Mgr

AR&D Subsystem
IR Camera
Visible Cameras
LIDAR
Rel Nav Filter
G&C
Fpose
GNFIR

Robot Arm

Joint Assy
Flex Harness
F/T Sensor
Robot Elec. Unit
Robot FSW
ATDS

ENT ONT
Marman Gripper
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NTO Pump
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SSCO Linkage to NASA’s Technology Areas

* LAUNCH
PROPULSION

TAO

YSTEMS

SoLip RoCKET PROPULSION

Svsrems

o Propellants

o Case Materials

o Nozzle Systems

o Hybrid Rocket Pr
Systems

o Fundamental Solid Propulsion
Technologies

Liauio Rocker PROPULSION

Svstems

o LH /LOX Based

« RP/LOX Based

o CH_/LOX Based

o Detonarion Wave Engines
(Closed Cycle)

o Propellants
Fundamental Liquid
Propulsion Technologics

AR BREATHING PROPULSION

Systems
. TBCC
« RBCC

o Detonation Wave [ngines
(Open Cycle)

o Turbine Based Jet Engines
(Flyback Boosters)

o Ramjet/Scramjer Engines
(Accelerators)

o Deeply.cooled Air Cycles

o Air Collection &
Enrichment System

o Fundamental Air Breathing
Propulsion Technologics

ANCILLARY PROPULSION

SvsTems

o Auxiliary Control Systcms
Main Propulsion Syscems

(Excluding Engines)

o launch Abort Systems

o Thrust Vector Control Syscems

o Hcalth Managemene &
Sensors

«  Pyro & Scparation Systems

o Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER

PROPULSION Sysiems

o Ground Launch Assisc

o Air Launch / Drop Systems

o Space Tether Assist

o Beamed Energy / Encrgy
Addition

o Nuclear
High Fnergy Density
Materials/Propellants

A02 roruision

CHNOLOGIES

TAO4 r:iewoorics

& AUTONOMOUS SYSTEMS

SensiNg & PERCEPTION

Stereo Vision

Proximity Senising

Sensing Non-Geometric Terrain
Propertics

Fstimaring Terrain Mechanical

Propertics
Artays

Gravity Semors & Celeytial Nav.

Real-time Sclf-calibrating of
ve Systems

oBILITY

CHEMICAL PROPULSION

@  Liquid Sworable

« Liquid Cryogenic

o Gels

* Solid

o Hybrid

o Cold Gas/Warm Gas

Micro propulsion

Non-CremicaL PRoPULSION
Elecri .

o Solar Sail Fropulsion
o Thermal Propulsion

o Tether Propulsion

Aovancep (TRL <3) PropuLSION
TECHNOLOGIFS

o Beamed Encrgy Propulsion

o Elecrric Sail Propulsion

o Fusion Propulsion

«  High Encrgy Density Marcrials
o Antimatter Propulsion

o Advanced Fission

o Breakthrough Propulsion
SUPPORTING TECHNOLOGIES

o Enginc Health Monitoring & Safecy
Propellant Sto; Transfer

*®

. als & Manufactusing
rologies

o Heat Rejection

o Power
* SPACE Powsul

ITA03 ENERGY STORAGE

PoweR GENERATION

o Encrgy Harvesting

Chemical (Fucl Cells, Hear Engines)

Sola Voltaic & Thermal)

Rad

Fission

Fusion

EnerGY Storace

o Batterics

o Flywheels

o Regenerarive Fuel Cells

Power MANAGEMENT &

DiSTRIBUTION

+ FDIR
Management & Control
Distribution & Transmission
Wireless Power Transmission
Conversion & Regulation

R0ss CUTTING TECHNOLOGY

Tools

“e e

Green Energy Impact
Multi-functional Structures
Abernative Fucls

Ci
®

3-D Path i/

Long-life Extr. Envito, Mechanisms
Robotic Jet Backpacks

Smart Tethers

Robor Swarms

Walking in Micro-g
ANIPULATION

e

;
i
i

UMAN-SYSTEMS INTEGRATION
Csew Decision: Support Systetns

@ @8 0;0000

ve
o Distributed Collaboration
«  Multi Agent Coordination

o Haptic Displays
ying e Duta w Humans
UTONOMY

Health,
Human Life Svstems
Planning/”

i
il
;

&V o Camplex s

Automated Software Generation

Semi Autoniatic Systems
uToN. Renpezvous & DockiNG
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Crew Self Sufficiency

TA05

| TAO7

Ormica. Comm. & NaviGaTion
@® Detecior Development

o Large Apertures

@ laerns

@ Acquisition & Tracking

o Atmospheric Mitigation

RADIO FREQUENCY COMMUNICATIONS
o Spectrum Efficient Technologics

o Power Efficient Technologies

o Earth Launch & Reentry Comm,

® Antennas

INTERNETWORKING

@ Distuprive lolerans Nerworking

»  Adaptive Network Topology

o Information Assurance

o Imegrated Network Managemens
Posimon, Naviganon, AND TIMING
Time D

Onboard Auto Navigation & Maicuves
@® Scosors & Vision ems
® Relative & Proximity

® Auto Precision Formation

@® Auto Approach & Landing
INTEGRATED TECHNOLOGIES

o Radio Systems

o Uluz Wideband

«  Cognitive Networks

o Science from the Comm. System

» Hybrid Optical Comm. & Nav. Sensors
o RE/Optical Hybrid Technology
RevoLutionary CONCEPTS
.

.

.

.

.

.

.

X-Ray Navigation
X-Ray Communicacions
Neutrino-Based Navigation & Tracking
Quanrum Key Distribucion

uantum Communications
SQIF Microwave Amplifier
Reconfigurable Large Aperturcs

* HUMAN
EXPLORATION
ESTINATION SYSTEMS

In-Situ Resounce Uriuzanon
Destination Reconnaissance;
ing. & )
Resource Acquisition
Consumables Production
o Manufacturing & Infrastructurc
Emplacement
SusTaNABILITY &
SUPPORTABILITY

“Aovancen” Human Mosiiry
SysTEMS
s EVA Mobility

Surface Mobili

Iy
o Off-Surface Mobility
“Aovancen” HARImAT Systems
o Integrarcd Habitat Systems
o Habitac Evolution
Mission Oreranons & SaFeTy
o Crew Training
o Environmental Protecuion
ion Operations.

o Planctary Safety
Cross-CuTTinG SysTEMS
o Modeling, Simulations &

Destinarion Characterization
o Construction & Assembly
o Dust Prevention & Mitigation

TA08 * SCIENCE

INSTRUMENTS,
OBSERVATORIES & SENSOR
SYSTEMS

REMOTE SENSING INSTRUMENTS /
SeNsoRs
: Deterron o & Focal Plancs

AQB i supromrs

ABITATION SYSTEMS

Environmental ConTrol & LiFe

Surport Systems & Hasianon Sys.

o Air Revitalization

o Water Recovery & Management

o Waste Management

o Habitation

ExtravEHICULAR ACTIVITY SYSTEMS
Pressure Garment

o Portable Lifc Support Systcm

o Power, Avionics and Software

Human HeacTH & PrRFORMANGE

o Mcdical Diagnosis / Prognosis

o Behavioral Health & Performance

»  Human Facrors & Performance
ENVIRONMENTAL MONITCRING, SAFETY
& EMerGeNCY ResPONSE

o Scnsors: Air, Water, Microbial, cte,

«  Fire: Detection, Suppression

o Protective Clothing / Breathing

o Remediation

Raoation

o Risk Assessment Modeling

@ Radiaton Mirigation

s Proreerion Syscems

.

Space Weather Prediction
Monitoring Technology

® Oprical Components

»  Microwave / Radio

o Cryogenic / Thermal
OBSERVATORIES

o Mirror Systems

o Structurcs & Antcnnas

o Disributed Aperture

IN-Situ INsTRUMENTS / SEnsOR
o Particles: Charged & Neutral

o Ficlds & Waves
o InSiy

G

TAQ9 e svsrews |

AEROASSIST & ATMOSPHERIC ENTRY
Rigid Thermal Protection Systems
Flexible Thermal Protection Systems
Rigid Hypersonic Decelerators
Deployable Hypersonic Deceleraror
Instrumentation & Health Monitoring
Entry Modeling & Simulation

Attached Deplayable Decelerators
Trailing De Joyable Deceleracors
Supenonic Retropropulsion

(&C Scnsors

Descent Modeling & Simulation
LanDING

o Touchdown Systems

o Egress & Deployuient Systems

o Propulsion Systems

®
® Y
o Landing Modcling & Simulation
VEHICLE SYSTEMS TECHNOLOGY
@ Architecare Analyses

o Separation Systems

o System Integration & Analyses
o Aunosphere & Surface Charace

rization

ITA1 0 . momcnuowev‘

ENGINEERED MATERIALS & STRUCTURES
o Lightweight Structures

o Damage Tokerant Systems

o Coarings

o Adhesives

o Thermal Protection & Control

B)
ProPuLSION
o Propellancs
o Propulsion Components
o In-Space Propulsion
Sensons, ELectronics & Devices
@ Servors & Actuaton
o Nanoclectronics
o Miniaure Instrumens

1A09

EA1 1

* MODELING, SIMULA-
TION, INFORMATION
CHNOLOGY & PROCESSING

A13 Lo

YSTEMS PROCESSING

CompuTING

MopELING

@ Software Modeling & Model Checking

® Intcprated Hardware & Software

Modcling

deli

TecHNOLOGIES TO OPTIMIZE THE
OreranionAL LiFe-CycLe
@ S Disribution &

o Automated Alignment. Coupling,
& Asseubly Systems
A e €

o Human-System Performance Modeling

o Frameworks, Languages. Tools & Standards

SiMuLATION

® Disuribuced

o Integraced System Lifecyele Simulation

@ Simulation-Based ¥

@ Simulation Based

INFORMATION PROCESSING

«  Science, Engincering & Mission Data
Lifecycle

o Incclligent Daca Understanding

o Scmaitic Technologies

o Collaborative Science & Engineering

o Advanced Mission Systems

TA12

SYSTEMS & MANUFACTURING

* MATERIALS, STRUC-
TURES, MECHANICAL

MATERIALS

® Lighrweight Seriscture

wl Design

Computationa
® M‘kwm

Environment

.

o Special Maerials

STRUCTURES

@ Lightweight Conceprs

o Design & Certification Methods

o Reliability & Sustainment

o Test Tools & Merhods

» Innovative, Muldifunctional Concepes

MecHANCAL SysTems

®

o Mechanism Life Fxtension Systems

@ Electro-mechanical, i
‘Micromechanisms

® B(Amrﬂhuk and Medhods

® / Lite Assessment / Health
Monitoring

s Certification Methods

MANUFACTURING

o  Manufacturing Processes

o Intelligene Integrated Manafacturing and
Cyber Physical Systems

s Electronics & Optics Manufacturing Process

o Sustinable Manufacturing

Cross-Cutting

o Nondestructive Evaluation & Sensors

o Mode) Based Certification &
Sustainment Mcthods

o Loadsand Environments

Space Technology Roadmaps STR
TECHNOLOGY AREA BREAKDOWN STRUCTURE

Conerol for Ground and Tneegrated
Vehicle/Ground Systems
ENVIRONMENTAL AND GREEN
TECHNOLOGIES
o Corrosion Prevention, Detection,
& Mitigation
o Environmental Remediation &
Site Restoration
e Prescrvation of Natural Feosystems
o Altemnate Energy Prototypes
TECHNOLOGIES TO INCREASE REU-
ABILITY AND MISSION AVAILABILITY
o Advanced Launch Technologics
o Environment-Hardened Materials
and Serucrures

& ll.Al\omAImecﬁun
® Faule Boladon and Di

o Prognostics Technologics

Technologies

o Communications, Networking,
Timing & Telemetry

TECHNOLOGIES TO IMPROVE Mis-

sion Sarery/Mission Risk

o Range Tracking, Surveillance &
Flight Safety Technologies

o Landing & Recovery Systems &
Components

o Weather Prediction and Mitigation
Roboties / Teleroborics

o Safety Systems

A14

YSTEMS

CryoaeNic SYSTEMS

»  Passive Thermal Control

s Active Thermal Control

o Inc

TheERMAL CONTROL SYSTEMS

o Heat Acquisition

o Heat Transfer

»  Heat Rejection & Encrgy Storage

TrermaL PROTECTION SysTems

o Entry/ Ascent TPS

o Plume Shickding (Convective &
Radiarive)

»  Sensor Systems & Measurement
Technologles

e TABS

* THERMAL
MANAGEMENT
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Some Key Technical Challenges

e —

Non-cooperative servicing — rendezvous, prox ops, capture, refueling

Control of mated Servicer-
Client stack, and robot
tele-operation in presence
of flexible modes

Materials compatibility in
pumps, flow meters, hose,
and nozzle tool

High performance
computing to host robot
and AR&D algorithms

Mass optimization to
maximize fuel available
for servicing

Absence of hi-fidelity
ground simulators of potential clients
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Conclusions

e —

« SSCO is more than half way through a thorough ground

and space technology development and test campaign

« Key requirements and ConOps of a notional GEO
servicing mission defined

» Technical challenges
are well understood

* The time for robotic
servicing has arrived —
let’s fly a mission!
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