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Abstract

PHAROS-M (Planetary Hub for Assistance, Refuelling and Orbital Servicing around Mars) is a mission
concept developed at Politecnico di Milano to enable autonomous relocation, refuelling, inspection, and
repair of Mars-orbiting clients. The spacecraft acts as a servicing hub tailored to distinct operational
needs: it resolves anomalies to ensure the completion of scientific missions, extends asset lifetime to
reduce replacement launches for communication and navigation constellations, and will support future
constellations dedicated to servicing Martian assets.

The primary driver is not a single manoeuvre, but a campaign of repeated orbit-to-orbit transfers
within a bounded operational envelope. This implies a sizeable cumulative AV, strong sensitivity to
propellant mass fraction, and time-of-flight flexibility typical of logistics-style servicing. These needs
motivate electric propulsion (EP): high specific impulse enables multiple transfers without excessive wet-
mass growth. The associated challenge is system-level: low-thrust guidance tends to command long thrust
arcs, yet feasibility must be preserved through eclipses and under solar-array pointing/geometry losses
and attitude constraints.

We propose an end-to-end transfer strategy that couples mission analysis, propulsion sizing, and
electrical power subsystem (EPS) feasibility. Under a 2 kW spacecraft power cap, trades lead to a
1.5 kW-class Hall thruster (Safran PPS-1350 Low Erosion), with Xenon as nominal propellant and Argon
reserved for refuelling-enabled life extension. Mission analysis is organised as a hub-and-spoke campaign
inside a selected client cluster for sizing, and a conjunction-driven chained sequence exploiting J2-driven
RAAN evolution to schedule plane-alignment opportunities. Transfers are generated with closed-loop Q-
law guidance and made operationally executable by an energy-management wrapper: thrust is disabled in
eclipse, and outside eclipse the spacecraft alternates thrust/coast based on battery state of charge (SOC).
The SOC policy uses hysteresis, minimum on/off durations to prevent chattering, and a reserve check for
the next eclipse; when thrust is inhibited, the trajectory is replanned from the current orbital state to
preserve guidance consistency.



End-to-end simulations close both propellant and energy budgets. The hub-and-spoke campaign com-
pletes in 745.77 days with AV = 2009.8 m/s and full SOC recovery. A conjunction-driven multi-leg
case study achieves 1846.2 m/s over 825.98 days with SOCy,, = 0.704 and final SOC= 1.000. A 1000-
run Monte Carlo over randomly sampled targets quantifies energetic feasibility and graceful degradation:
99.7% success nominal and 95.5% with a representative single fault (one SADA stuck).

The paper discusses how servicing-driven requirements motivate EP selection and how EPS-aware
thrust supervision converts low-thrust guidance into flight-executable Mars-orbit servicing campaigns,
including robustness margins and computational cost.



