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Interoperability & modularity framework for ‘@-la-carte” servicing.
Config I: Orbital relocation or deorbiting, compatible with high-thrust manoeuvres.
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INSPoC-1Phase B2 Goals

Automatic Rendezvous,

. . IRD-1: Rendezvous guidelines
Proximity Operations and

and interfaces

Docking (x2)
In-orbit refilling between two IRD-2: Docking and refilling
spacecraft interface

Stacked maneuvers
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INSPoC-1In-Orbit Demonstration Mission

RPOD #1
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Power, Data &
RPOD #2 RPOD #3

Oura Propellant transfer
Alternative GNC

Free flying
mission

Client

Undocking

Natural orbit

Undocking
uncontrolled r

Undocking

Launch

Free flying
mission

De-orbit
controlled re-entry
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Responsibilities

Prime contractor,
develops and operates
the servicer spacecraft
Oura, and coordinates
the INSPoC-1 mission.

Develops the CRUSSADER
steward platform with a gripper
for the capture and
mechanical docking interface.

Develops the proximity
communication to allow
relative GNSS between
the servicer and the
client.

Develops the universal

passive mechanical )
fixture and the refilling—
) ; 70d £
interface fluid coupler.
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Responsibilities

Performs the
commercial analysis of
in-orbit tugging &
refilling services.

Develops the Universal
System Interconnect power
and data interface, SIROM, the
Oura relative navigation, and
an alternative RPOD GNC.

Develops and operates
the client spacecraft
EROSS-Client.

Created with mapchart.net
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IRD-1 Rendezvous and GNC IRD

* The proposed rendezvous and GNC IRD :

e Builds on ESA Guidelines on Safe Close
Proximity Operations, Issue 3.0

» Leverages InSPoC-1 market analysis

* Implements ecosystem high-level mission
requirements

» Updated version to come to consider

» AIAA S-158 CONFERS Recommendations for
Best Practices, Functional Requirements, and
Norms for Prepared Free-Flyer Capture and
Release
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D15 - IRD for GNC-related interfaces for
commercial docking and refilling services
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IRD-1 Rendezvous Zones Definition
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Outside this region, the servicer can operate
autonomously without the need for coordinated
operations with the client.
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IRD-1 Requirements (1/2)
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Safety and Collision Avoidance

Gated zone entrance

Deliberate zone entrance

Robust breakout

-
/

Proximity Operations

@
il

Coordinatio

75
)

Attitude pointing (+/-1 deg)

A

Residual rate (+/- 0.15 deg/s)

AN

-
/

Proximity Communications

J\/\,.

Performance (100 kbit/s)

¥

Range (10 km / 80° half-angle)

o

Secure

AN

-
/

Proximity Data Exchanges

-

¢

Position (+/-33 m; +/-0.2 m/s)

Attitude (+/-0.2°; +/-0.05°/s)

Flags

AN
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IRD-1 Requirements (2/2)
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Relative Navigation Aids

o

Standard

Redundant

Docking and Undocking Client

AOCS and FDIR disabling

7
)

Attitude pointing (+/-1 deg)

AN

Residual rate (+/- 0.15 deg/s)

J

-
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Docking and Undocking Servicer

]
Te

Symmetrical separation force

7
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GNC Performance

Radial misalignment <20 mm \
Axial misalighment< 10 mm

Angular misalignmentroll< 1 deg
Angular misalignment pitch/yaw < 1 deg
Axial speed <5 mm/s

Radial speed <5 mm/s

Angular speed < 0.1 deg/s

-
/

Integrated Operations

o

Attitude control

Collision avoidance

AN

Fluid transfer stabilization

J
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IRD-1 GNC tests

Test objectives
j * Validate and characterize the VBN performance
|
|

GNC test set-up in PoliMi University

Tests at PoliMi (Raffaello facility)

Tests with 1:4 scaled mock-up

* Open loop pose estimation tests using stereo
VWAC (very wide-angle cam) setup

* Closed loop tests from WP3 (8 m) to docking,
scaled 1:4

* Testvaryingillumination conditions (varying Sun
angle + illuminator)

- * Testthe GNC in closed loop integration with the VBN
* Validate the GNC accuracy during the approach and at docking

Client Satellite Mock-up

<)

Otrg

Tests at ESTEC (GRALS facility)

Tests with 1:12 scaled mock-up

* Testthe mid-range approach from WP1 (300 m) to WP2 (20m),
scaled 1:12

* Image processing performed with WAC (wide-angle cam)

* Openand closed loop tests under varying illumination

Tests with 1:1 mock-up

* Testthe close-range approach from WP2 (20m) to docking

* Image processing performed with WAC and VWACs in stereo Credit: ESA

* Openand closed loop tests under varying illumination

Relative Navigation Cameras
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IRD-2 Passive Docking & Refilling IRD

» The proposed Passive Docking & Refilling IRD:
* Leverages INSPoC-1 market analysis

« Contains detailed mechanical drawings describing
the Passive Docking & Refilling Interface on clients

» Interface requirements for its installation in client
vehicles and for interfacing with active docking
systems installed in servicer spacecraft
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* Updated version to come to consider
« TWG#2 feedback
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IRD-2 Interface concept and Universal Fixture

“bullseye” architecture with functions separation to increase flexibility and adoptability

Passive fluidic ports
3-8 fluid types:

USI Type #1
Data & power transfer:

O

<°>

Universal Fixture

Mechanical docking interface:

Universal fixture on passive side, compatible with
various grappling systems

Storable propellant
Pressurant gas
Plasmic propellant
Green propellant
Cryogenics propellant
(M/L versions)

X

MICE-MERC-| capture MICE —SIROM PRO

SIROM PRO capture sector shared alignment
sector

USI Type #2

sector

Direct TM/TC exchange
Data relay

Power transfer
Compatible with different
types of System Interconnect

S

Relative
Navigation Aids

Interface with

spacecraft
ASSIST capture

throat/cavity

SIROM PRO . X MERC-I flat surface / SRl
Cavity spherical end .
o MICE sensing grooves
MICE / MERC-! (inside spacectaft)

SIROM PRO alignment

2D markers used by the Servicer
Visual-Based Navigation system for

relative navigation up to docking 13
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IRD-2 Interface concept and Universal Fixture

3 interfaces classes to scale with a large range of customers and servicers classes

2

Smallinterface (937LAR) Medium interface (1194LAR) Large interface (1666LAR)
Up to 5 fluid types + 2 cryo fluids Up to 6 fluid types + 2 cryo fluids
Up to 3 fluid types e.g. 1. MON + 2. Helium + 3. MMH e.g. 1. MON + 2. Water + 3. Helium
e.g. 1. MON + 2. Helium + 3. MMH + 4. Hydrazine / Green Propellant + 5. Water / HTP 4. Green Propellant + 5. HTP + 6. MMH
Cryo: LOX + LCH4 Cryo: LOX + LCH4
1 central Universal Grappling Fixture 1 central Universal Grappling Fixture 1 central Universal Grappling Fixture

+ Up to 2 types of System Interconnects + Up to 2 types of System-Intergonnects + Up to 3 types of System Interconnects
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%

conditions
* Characterize docking with low-stiffness compliant I/Fs

Expected set-up at ESA ESTEC

Air-bearing test
articles

= .l
Credit: ESA-SJM Photography

Tests at ESTEC (Orbit facility)

Servicer representative article

* Representative MClI properties (scaled-down)

* Active docking I/Fs with compliant brackets for functional I/Fs

* Telemetry: laser rangefinder, capture confirmation switches, video
Client representative article

* Representative MClI properties (scaled-down)

* Passive docking I/Fs

* Telemetry: strain gauges on fixture, contact confirmation switch
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Thank you for your attention

benjamin@exploration.space
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