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1 Introduction

Refuelling satellites in orbit extends their lifespan and reduces debris accumulation by decreasing m Logistics Optimization: GA for CVRP . .
the number of defunct satellites. GEO satellites, allocating about 50% of their mass to propellant, » Minimization of Avgog tot Bt L Bl el
are prime candidates for On-Orbit Refuelling (OOR). This project aims to design an OOR « Servicing of all clients in depot P°p“1a“°“f“i“am“°“ m |
infrastructure tailored to service GEO satellites close to their End-of-Life (EOL) expecting depletion roundtrips under capacity constraints Fitness Elvaluation f{Zw R
of onboard reserves. The infrastructure consists of a fuel depot and servicing spacecrafts. For a * GA parameters balance solution Selection ——
given set of clients, selected launcher, servicer and depot design, the work optimizes the OOR diversity, high-quality solution CI i Mt o (G ! R
scenario. It suggests various mission architectures with different fuel depot orbits and numbers of preservation and computational I n 004751852300 w L2 L2215 1L L
servicers. The developed procedure allows to evaluate OOR mission infrastructures for feasibility efficiency o e
and performance for variable client satellites and mission constraints, enabling comparison of m  Tool Implementation: IGm— alBOLTRIEIESY  oRbmRLaLALLA
various infrastructures to guide preliminary system of systems design. It could assist in establishing e Scenario simulation extending Randomswappmg/Shufﬂilngofchmmosomeenmes
a sustainable European logistics ecosystem for long-term servicing strategies. sustainable space logistics tool TCAT ll

2 Use Case & Scenario 4 Results & Discussion
m Clients: 15 European GEO satellites with EOL in 2029-2032 m Architecture Design Analysis

> Trajectory: pay/a¢ Selects inexpensive routes with lower transfer durations at expense of Av

Refuelling Operation Duration for different OOR Architecture Designs

m Lifetime extension by 5 years, total propellant demand of 3.96t

Refuelling Operation Costs for different OOR Architecture Designs
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> Lowest Avgor tot fOr smaller servicing fleet with higher capacity: Av savings = 0.5-1.6 km/s
> Influence of depot orbit Q more significant in larger fleet: Av savings = 0.3-1 km/s
m  Objective: Design of the OOR architecture through minimization of refuelling cost Avop 1ot > Refuelling duration Atggg (ot Shortest for one-to-one (020) servicing scenario by 10 d
Design Variables: Spacecrafts
® Client Refuelling Operation Servicer Statistics - Cost for Depot OrbitQ2 =0°
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Key Performance Indicators (KPIs): ()" et to Depor E eveeeoe . .1 > High servicer numbers for improved route Av balance, effect
1. Total mission cost & duration T 1" reinforced for depot locations within client clusters
2. Refuelling operation mission cost & duration ob 1 4o > Mean servicer cost: maximal for smallest fleet, high individual
4 5 6 7 8 9 10 11 12 13 14 15

3. Rapid refuelling duration propellant expediture, minimal for 11 routes

4. Residual propellant mass (payload & propulsion)

Number of Servicers

m  Optimal design in terms of Avgog ot

4 servicing routes AVooRtot = 810m/s, Aviye = 8261m/s
3 Methodology DepOt Q - 20 AtOOR,tOt - 279 d
m Desigh Recommendations

e OOS Architecture: Lowest possible number of routes for cost minimization. For >11

m Iterative Design Procedure servicers: duration savings through p,,/, and TOFy,,, adaption. Counteract imbalance

1. Trajectory computation for complete Avpor matrix acting as cost in logistics optimization across routes through satellite clustering around multiple depots or different servicer mass
through solution of Capacitated Vehicle Routing Problem (CVRP) with Genetic Algorithm (GA) Conﬁguration classes. Investigate kickstage de“very in GEO.
for optimized servicing routes * Rigorously design trajectory and consider mission constraints and priorities within
2. Simulation of On-Orbit Refuelling scenario for performance evaluation trajectory design to improve routing decisions.
Tratectory * Simultaneously optimize spacecraft and architecture design optimizing Av, At and Am.
Computation * Design for a planned large group of GEO clients accounting for operation constraints.
\”m Clients o | Av Matrix \L/;E“E O:mizcai;/}

m Limitations: Geosynchronous servicing, computational efficiency of GA, constant input
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5 Conclusion

y : Parameters
.\ SpacecraftMass
Ay 4 Configuration —
\’ Trade-off pay/as . . . . .
’ A comprehensive methodology for On-Orbit Refuelling infrastructure design was developed,

integrating trajectory selection, logistics optimization, and subsequent mission simulation. The

P ST—p— Routes approach optimizes total refuelling Av using a tailored genetic algorithm, balancing mission cost and
e Results Design T\, time, and taking into account servicing constraints. The developed tool provides adaptive solutions,
e e B Y expandable to other servicing tasks, and can support long-term sustainable space logistics through
N FeTaee B / flexible and scalable infrastructure design for guiding system of systems decisions. An OOR
R SRt architecture for European GEO client satellites has been successfully optimized for Avygp tor, While
providing general design recommendations. Additionally, key areas for improvement are highlighted
m Trajectory Computation o to develop more realistic and efficient solutions for future servicing applications.
* Simplification: Perfectly geosynchronous orbits 1 L
Trade-off parameter ppy/: = 0.1 for transfer | S LB
I "' 6 outlook
* Phasing manoeuvres dominate Avpgor and Atgor | B '
— Gl ot @l ) : : N m Couple OOR architecture and spacecraft design for multiobjective minimization of mission
‘ cost, duration, and propellant consumption
\| 2w N A ) ,..-r'."‘ ------ e £ m Introduce time-dependency in logistics optimization
Ve o, L % T : CCCCCC r i m Extend scenario for simulation of On-Orbit Servicing Space ecosystem: Other servicing tasks,
/ ey i orbits, and multiple depots
Subsynchronous Phasing Supersynchronous Phasing m Include assessment of reusability and space debris risk in OOS infrastructure design evaluation
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