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CSA welcomes this opportunity to better understand future needs, potential
missions, and potential collaborations.
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On-orbit Heritage — Operational Systems

CSA has delivered 3 state-of-the-art robotic systems for operational use in LEO:
the Shuttle Canadarm, the ISS Canadarm?2 and the ISS Dextre.
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Mobile Servicing System - Capabilities

Completed in 2008 the MSS
now has the following
capabillities:

« Assembly

* Inspection

» Payload handling

» Capture and Berthing

» Cooperative Servicing:
- EVA Support

* Robotic Servicing:
- Change-out of On-orbit
N =Y Replaceable Units (ORUSs)

| The MSS is also self-serviceable on-orbit, with 6 types of
%.@; robotically friendly ORUs.
, . i+l
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ORS Heritage — Ops Tools & Methods

CSA expertise includes: Mission Planning, Simulation, Training,
Task Verification, Operations, and Ground Control.
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Manipulator Performance Evolution

accuracy

Canadarm Canadarm2 Dextre
(SRMS) (SSRMS) (SPDM)
arm length 15.2m 16.9m 3.35m
arm DOF 6 7 7 (each)
body DOF n/a n/a 1
height n/a n/a 3.67 m
width n/a n/a 2.67 m
payload 29,000 kg 116,000 kg 600 kg
accurac +5.0cm +4.5cm + 6 mm
y n/a +30N +22N
incremental motion a "a L2 mm

Canadarm?2 and Dextre both have a sense of touch and are capable of automatic
accommodation of forces and moments during contact tasks.
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Scorecard w.r.t 1980s dream

In addition to ISS and MSS maintenance tasks,

— providing lighting and CCTV monitoring,

providing power to a payload or ORU,

attaching and removing interfaces,

Inspection,

servicing of attached scientific payloads,

mating/demating connections,

removing and installing thermal covers, and

cleaning surfaces

ground control
free flyer capture
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Yes

Partially — currently no ISS need

Not yet — tool required

New developments!

f }R
CSA ASC,

Dextre and MSS were also envisioned to be used for:
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CSA ORS Summary Roadmap
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Preparing for future On-Orbit Servicing

* Robotics and Automation for Orion (RAO) Concept Study
* Robotic On-Orbit Servicing Module (ROSM) Phase 0 Study
« Orbital Life Extension Vehicle Concept Study

NOGO08878 Rev 3

October 2008

Orbital Life Extension Vehicle
Concept Study

Technical Report

CONTRACT NO. 9F028 07011 1/A
Prepared for:

Canadian Space Agency

On-Orbit Robotic Servicing is an enabling technology
that can benefit from further TRL advancements and cost reductions.
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TriDAR DTO

Building on the success of Neptec's Space Vision System (SVS) for Shuttle
and Laser Camera System (LCS) for the inspection boom, TriDAR was
successfully demonstrated during STS-128 and will be demonstrated again
during STS-131 and potentially STS-133.

TriDAR can be used to guide rendez-vous and docking operations which are
essential to future OOS missions
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Dextre — Human scale ORS capability ;
demonstration on-orbit

Il // -.'_, ' |‘ Ly
As Dextre executes its operational mission, each new task performed will yield “‘ﬁ
a gain in knowledge w.r.t. On-orbit Robotic Servicing. o
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Potential Dextre Tool DTOs

Blanket Multipurpose On- Handrail Wireless
Cutter/Pincer Tool Orbit Stowage for Clamp Camera
EVA (MOOSE)

.

Gg

Generic EVA ot .
Connector SPDM Under-Actuated Laser

Handling Tool  Versatile End Effector (SUVEE) Camera
Bl Soom o e " Canadi
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Next Generation Canadarm
- - Fare

NGC Prototyping Project NGC Tools DTOs Usind. NG on-Orbit Tech Demo NS¢ Operational 005
Dextre Missions

2009 - 2012 2013 2018 2020 mm)

7

Next Gen. EVR
To Client
Standards

Next Generation
Large Canadarm

CSA ASC

Next Gen.
Ground
Segment

Next Gen. ORU
To Client
Standards

Next Generation
Small Canadarm
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Servicing of Future Scientific Satellites

2015 2020 2025 2030 2035

(JWST) SAFIR MUST AT-LAST TPF

PM assembly

Where Does Canada Fit In?

MNext Gen.
Canadarm

Serviceable
Sub-Systems

Laser Camera
Systems

Refueling MNext Gen.

Tools Docking Tools

ORU Tools
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OOS and Exploration Spin-offs
SR Futrs ||

ISS - Dextre. SSRMS Marco Polo ExoMars Mars Sample Lunar §pace
Return Station

Phoenix Lander 2018 2025 mm)

* Dexterous
Manipulators
Vision/ Sensing
~ Systems
= L4 14
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Next Generation Canadarm
R&D Project

VIDEO (Draft)
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Past OOS Flight Missions

1998 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Past On-orbit Servicing operational and
demonstration OOS missions are all in LEO.

Hubble fan

- - - Rendezvaus
SB-I'VI-CII"IQ F - Capture and Berthing
Missions |- - EVA support

I (Dperational)
- MASA »
ISS ; - RKA |- Capture and Berthing P e T T T T T
Construction |- jaxs |- va support ‘ ; :

- Assembly Tasks

(Operational)

_____ 1SS [
22241 Maintenance |

- ORL Exchange
- EVA Support

1 (Operational)

i Operations |. - Capture and Berthing

(Operational)

Orbital - Rendezvous

Express ) - Capture and Berthing
- ORU Exchange

ETS-VIl |, .cp. | Rendezvous Xss-10

- Docking - AFRL |- Inspection

- ESA
i - ORL Exchange ; h
(Demonstration) (Demonstration) | E—— - Fluid Transfer
Legend
. ! : TriDAR
Orbits Markers | xss-11 | | Rencezions [ | Bros nsoecton
L - i | -
LEO Mission Start . {Demanstration) epEee Rendezvous
L. | (Demaonstration)
MEO Mission End +
Miestone A
L2 Continuation 3 DART SPHERES —
. i | - NASA - Rendezvous _ RASA Denk?ZVUUS
Canadian Involvement | _  _ | 17 (Demonstration) Demonstaton) - Docking
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Near-Future Flight Missions

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Hubble Plato Rendezvous @
DeOrbiting _ NASA - Rendezvous Ser\ncmg ez | Capture & Berthing
Fe=f - Docking - Refueling
nf.':'sts:°|? h{l;?S:Oln - Egameite i Rl
otential otential)
| 1SS : EﬁA - AT-Last - Eendezv;u; .
; _ . p P = i A-A - Capture erthing
Operations | fug | Caturs and Benting  F=% : L Servicing | s, | Ratueling
. . - CSA j > ! Mission - Cryogenic Fluid Refil
I (Operational) |- ESA ; / . {Potential) - ORU Exchange
P S N e —
- - MUST - Assembly
A A AP A Maintenance : - ORU Exchange ; R = 2 A Servicing - Capture & Berthing
- ) - EWA Support 1 > - S - NASA |- Refueling
| . - 7/ s || Mission - Cryogenic Fluid Refil
. (Operational) = 8 . {Patential) - ORU Exchange
- - Rendezvous
DEOS - Rendez_vuus TP'_= C | Basthing
- Refueling -DLR |- Ihspection . Serwcmg - nasA |- Refusling
; - Capture and Berthin A==f ;
{Potential) 2 9 Mission - Cryogenic Fluid Refill
(Potential) - ORU Exchange

e L e . o e S —
N - - Rend
Dextre - Inspection - Rendezvaus 1 TF_P_I B Cz;tiz;;u;eﬁhmg
Tools DTO | C54 |- ORU Exchange - Capture and Berthing - Serwcmg - nasa |- Refueling
. (Potential) = WA Sl v L v L F QR Sl 1 Mission - Cryogenic Fluid Refill
— — ) {Patential) - ORU Exchange
| T IXO - Rendezvous
| NGc Tools R
_ . A-A - - Capture & Berthing
' DTO (Dextre) | co# [ ey servicing [ 52" | S
1 (Potential) Mission |- Jaxa |- Cryogenic Fluid Refil
k (Paotential) - ORU Exchange
PEREREEE.  anne_xa SO
. NGC JWST ) - Rendezvous
Il Refueling Unprepared |. - Capture & Berthing
- Ao - Refueling
1 DTO (Dextre) & Servicing |- - Cryogenic Fluid Refill [+ Legend
. (Fotential) (Fotential)
—_——— e e e e e | Orbits Markers
LEO Mission Start .
In the future, after ISS demos, we see a need for OOS MEO Mission End X
Milestone
at GEO and Lagrange point missions. L2 Continuation _ T
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Near-Future Flight Missions cont.

2011

2012 2013

2014

2015 2016 2017

2018 2019 2020 2021 2022 2023 2024 2025
AStl:O-G - Rendezvous SPICA ARt
Ser\m:lng - JAx¥A |- Capture & Berthing Serwcmg - J;;);A - gz?&;’;ig& B
Mission - Refueling Mission | : : ) L
(Potential) (Potential) - Cryogenic Fluid Refll | "4l
Marco - Rendezvous
AStI:O.H - Rendezvaus Polo -ESA | Docking
Serwcmg ‘;I}E‘SAA - Capture & Berthing
Mission - Refueling {Planned)
(Patential)
SAFIR - Rendezvous
A-A - Capture & Berthing
m Servicing | yasa |- refueling
Mission - Cryogenic Fluid Refil
(Potential) - ORU Exchange
" R
Servicing | ¢s, [ bern
Mission - Cryogenic Fluid Refill
(Fotential)
LISA - Rendezvous
Servicing |- Es34 |- Docking
feci - NASA |- Refueling
Mission - ORU Exchange
(Fotential)

... with an eventual need for OOS in

lunar orbit exploration missions,
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Distant-Future Flight Missions

2028 2027 2028 2029 2030 2031 2032 2033 2034 2035 2038 2037 2038 2039 2040
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IXO - Rendezvous
f-A - NASA |- Capture & Berthing
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P - Capture erthing
Servicing [ yaga | Retueiing
Mission - Cryogenic Fluid Refil
(Potential) - ORU Exchange
] MUST - ;\ssimbly
- RENORIVOUS
Assembly | yuch | capture 2 Bething
& Servicing - Refueling
(Patential) - Cryogenic Fluid Refill
TPF-C - Eendezv;u; "
A-A - t il
servicing | yusa [ pdeing
Mission - Cryogenic Fluid Refill
(Potential) - ORU Exchange

Legend
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CSA ORS Summary Roadmap

ORS Functions TRL Progression

On-Orbit >

X551

Orbital Express

- Semi-Autonomous
Rendezvous

- Proximity Operations

TRL4 —»=TRL &

- Semi-Autonomous
Hendezvous & Capture
- DR Exchange
- Fluid Transfer
TRL4 »TRL 8

E>//—

Legacy Satellite ORS
Demo

NG CSA MMSB Repair

- Refueling Tool
TRLT = TRL &

- Semi-Autonomous
Docking
TRL4 »TRL &

- Semi-Autonomous
Docking
- Refueling Toal

TRLE —»TRL 9
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TRL 1 ™ TRL 2

- Semi-Autonomous
Docking
TRL3 ™ TRL 4

. . NGC Refueling & Dextre End of Life
TriDAR DTO GSFC Refueling DTO Dextre Tools DTO Tools DTO {Dextre) DTO
- Rendezvous - Refueling -Inspection - Refueling - Proximity Operations
TRL4 = TRL7T - IS5 Operations TRL4 =TRL7 TRL 4 —» TRL 9
TRL4 »TRL7 /j,
Terrestrial >
ROSM and RAO NGC Prototyping
HRSM Concept Study Phase 0 Studies Project
- Refueling - Refueling
- Cryogenic Fluid TELZ2  TEL 4
Transfer - Proximity Operations

Flight Mission
TRL
Requirments

SAFIR

- Rendezvous
- Capture and
Berthing
- Refueling
- ORU Exchange
- Cryogenic Fluid
Transfer
TRL Y

MUST

- Agzembly
- Rendezvous
- Capture
- Refueling
- ORU Exchange
- Cryogenic Fluid
Transfer
TRL Y

Lunar Space
Station

- Agsembly
- Rendezvous
- Capture
- Refueling
- ORU Exchange
- Cryogenic Fluid
Transfer
TRL T




CSA ORS Summary Roadmap

ORS Tools TRL Progression

On-Orbit >

X55-11

Orbital Express

- Rendezvous Laser
“izion System
- %igion Carmera
System
TRL4 =TRL 7

=)

- Fluid Transfer Toaol
TRL4 »TRL 7

- LIDAR Awionics Lnit
TRLT —m»TRL 9

Legacy Satellite ORS
Demo

NG CSA MMSB Repair

- Refueling Tool
- Blanket Handling Tool
- Hose Handling Taol
TRL7 - TRL &

- Docking Toaol
- Flight Carmera
TRL4 —»TRL 8

- Flight Camera
- Dacking Tool
- Blanket Handling Tool
- Hose Handling Tool
- Refueling Tool
TRL & —=TRL 9

:

TriDAR DTO

GSFC Refueling DTO

Dextre Tools DTO

NGC Refueling DTO
(Dextre)

Dextre End of Life
DTO

- TriDAR “ision Systern
TRL4 »TRL7

Terrestrial >

- Refueling Tool
- Blanket Handling Tool
TRL4 —» TRLT

- Inspection Tools
- Handrail Clamp
- SLWEE End Effector
- Blanket Cutting Tool
TRL4 = TRL7

- Refueling Toal

- Blanket Handling Tool

- Hose Handling Taool
TRL4 »=TRLT

- BEYA Connector Tool

r

- Blanket Cutting Tool
- Handrail Clamp
- Inspection Toals
TRL7 —» TRL 9

TRL3 ®»TRLT

HRSM Concept Study

ROSM and RAO
Phase 0 Studies

NGC Prototyping
Project
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- Inspection Tools
- Capture Tool
- Docking Toal
- Refueling Tool
- Blanket Handling Tool
- Cryogenic Fluid Tool
TRL 1 = TRL 2

- Flight Camera
- Refueling Tool
- Blanket Handling Taool
- Hose Handling Tool
TRL2 —» TRL 4

EYA Connector Tool
TRL 1 TRL 3

A

__/

Flight Mission
TRL
Requirments

SAFIR

- Inzpection Toal
- Docking Tool
- Refueling Toal
- Blanket Handling
Tool
- Hose Handling Taool
- Cryogenic Fluid Tool
TRL 7

MUST

- Inspection Taool

- Docking Tool

- Refueling Toal
- Blanket Handling

Tool

- Hose Handling Taool
- Cryogenic Fluid Tool
TRL 7

Lunar Space
Station

- Inspection Tool

- Docking Taal

- Capture Tool
-Blanket Handling

Tool

- Hose Handling Tool
- BE%A Connector Tool
TRL 7




Future Outlook

 The Canadian Space Agency looks forward to using our
expertise in robotics and OOS to contribute to International
Exploration Servicing Missions

T
« Based on Canadian expertise in various technologies for OOS
and exploration, Canada will be in a position to make
infrastructure contributions to international missions

« Canadian contributions may include robotic manipulators,
vision systems, surface mobility systems, planetary landing

systems and in-situ resource extraction

. * I Canadian Space Agence spatiale
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