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ERASE Introduction

Mission Context

* LEO orbital environment is degrading
Increasing debris population threatens long-term
mission sustainability

40000 A

* Large intact satellites drive collision risk
Multi-ton objects dominate debris creation in
fragmentation events

Object Count [-]

« Mitigation alone is no longer sufficient
. . . . o 10
Post-mission disposal compliance does not stabilise
LEO by itself

* Active removal is now required

Removing legacy objects is essential to prevent
Future cascade effects
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ERASE Introduction

Mission Context

Active Debris Removal mission concept
Focused on large, unprepared LEO spacecraft

« Two representative reference targets
MetOp-A and Sentinel-1B as specific study cases

» Safe capture and controlled re-entry
End-to-end removal compliant with ESA policy

* Foundation for a recurring European service
Scalable approach beyond the two study cases
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ERASE Introduction

Mission Concept

* Chaser spacecraft performing rendezvous, capture, detumbling and controlled de-orbit.
* Launch into target orbit region, followed by transfer and phasing to achieve proper relative geometry.

* Autonomous far- to mid-range rendezvous (from ~4 km), using optical-based relative navigation and
safe-orbit drift approach.

* Close-proximity operations: hold-points, inspection, attitude/tumbling estimation, and synchronization with
the target.

» Capture using compliant, rigid-gripping system (CAT heritage): soft capture — hard capture - relocation —
rigidization.

» Stack detumbling and stabilization after rigidization to achieve safe attitude control.
* Controlled atmospheric re-entry of combined stack to meet debris-mitigation & casualty-risk constraints.

* Mission designed for scalability, enabling future removal of other large LEO platforms.
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ERASE Introduction

Main Drivers

U Drivers
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Target nature: orbital and tumbling status of the METOP and Sentinel 1 satellites with long residual
lifetimes, demanding safe CPO and reliable securing for deorbit.

For the GNC system, retain flight-proven heritage in the functions (modules) where it is more consolidated,
e.g. AOCS for LEO platforms with standard functions applicable to ERASE mission.

Injection strategy, based on launchers availability.
The disposal phase will drive the definition of the propulsion system.

Safety & policy: strict collision-risk thresholds during CPO/CAMs and controlled re-entry to meet
casualty-risk limits.

Programme constraints: schedule toward ~2031 (TBC), cost, and TRL >4 by SRR with ECSS tailoring where
justified.

Service scalability: maximize commonality between MetOp-A and Sentinel-1B solutions to enable a
repeatable ADR service for future targets.
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ERASE Particular Drivers

Target Uncooperative

* It requires the ability to characterize the tumbling state of the satellite (either through Earth-based

measurements, onboard sensors, or a combination of both).

* Then, synchronizing with the target and maintaining this synchronization until the final approach is one of
the most propellant-consuming phases of the mission, as well as a key driver for the sizing of the

propulsion system.

* This strongly depends on the actual tumbling rate of the target. Currently, three different rates are under

study: 1°/s, 3°/s, and 5°/s.
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ERASE Particular Drivers

Target Uncooperative - Synchronization

Forced motion

* Synchronization at 20-25 m
* Station keeping

* Approach and capture

Drivers for strategy definition:
* KOZ: Zone around client where a potential collision could occur.

* In tumbling client, should be defined by centre of mass and
furthest point, plus servicer envelope and margins

* Can only be entered through approach corridors using forced
motion

» Approach corridor in tumbling client moves with it

* Implies that “corridor matching” (synchronization) needs to be
performed outside of KOZ

e KOZ radius studied for 25 m and 20 m, conservative for both clients

© GMV Property — 30-06-20260 - All rights reserved - GMV-ICL1-Internal

1. Synchronization

2. StationKeeping

3. Approach

.




ERASE Particular Drivers

Target Uncooperative — Synchronization Cost

Challenges:
* Large design envelope

* Potentially large propellant consumption
* Potentially large variations of required thrust '

_ Per mission: angle between capture axis and rotation axis
(influence in choice of capture face?)

_ Inside mission: Edge of KOZ vs capture distance
_ Possible use of OCT for centrifugal compensation

Possible mitigations:
* Reduce KOZ radius (safety implications)

* Change synch and approach strategy (spiral approach, LVLH
volumes based on stable rotational axis, “opportunistic”
straight approaches...)

* Requires changing definition of KOZ

* Discard edge client/rotational cases
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ERASE Particular Drivers

Target Unprepared

* |t requires identifying a suitable grappling point that was not originally designed for this purpose.
* The selected point must be able to withstand all induced forces without Failure.

* It must also be geometrically compatible with the capture system, ensuring safe operation.
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MetOp: RendezVous Approaches (II)

Target Unprepared — Capture Strategies Sidewards

Risks:
o CoM’s misalignment of Target and Chaser

o Potential impact of the Chaser's thruster
plumes on the surface of the solar panels.

Rearwards
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ERASE Particular Drivers

Target Unprepared — Capture Strategies

/Sidewards Grappling

(based on Hexapod or Robotic manipulator + Gripper)

/RearWards Berthing
(based on a Robotic manipulator + End-Effector)
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RearWards Grappling
(based on Hexapod or Robotic manipulator + Gripper)

/RearWards Hybrid Grappling
(based on Hexapod+ grasping petals)




Consortium Presentation
Target Unprepared — Capture Strategies

CAT technology heritage: GMV’s autonomous capture system (hexapod +

gripper + optical navigation), already under development and heading to
in-orbit demonstration (CAT-10D).

Compliant, rigid-gripping architecture enabling safe capture of large
unprepared satellites, reducing loads and misalignment risks.
Four-phase capture sequence:

- Soft capture (geometric confinement + compliant control)

- Hard capture (secure grasp with load attenuation)

- Relocation (align target with structural attachment points)

- Rigidization (high-stiffness locking for detumble & deorbit)

Target-specific adaptations (MetOp-A solar array supports, Sentinel-1B
diagonal stem approach), while reusing CAT base capabilities.

High-precision visual navigation (CT, MBT, feature-based refinement)
integrated into the capture system for final approach and grasping.
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L Questions
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Thank you

Fernando Gandia Abellan
fgandia@gmyv.com
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INNOVATING SOLUTIONS
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