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ROBOTIC LUNAR TUNNEL BORER (LTB) SYSTEM FOR HUMAN OUTPOST CONSTRUCTION

Abstract

We present a formulation-level concept for a Robotic Lunar Tunnel Borer (LTB) system designed to
excavate subsurface volumes for long-duration human habitation and infrastructure on the Moon. Per-
manent lunar outposts will require construction approaches that mitigate Solar Particle Event (SPE) and
Galactic Cosmic Ray (GCR) exposure, thermal extremes, abrasive regolith, vacuum pressure differentials,
and the operational constraints of low gravity where direct human labor is limited.

The proposed LTB would autonomously excavate 6 m diameter subsurface tunnels using nuclear fis-
sion surface power (~ 20 kWe) while simultaneously constructing a structural liner from in-situ regolith.
Excavated material would be processed and microwave-sintered into modular shield panels approximately
0.6 m in axial length and assembled robotically into a continuous helical liner without imported binders
or water-based construction methods. A spiral microwave proto-liner system would stabilize freshly ex-
cavated surfaces prior to panel installation. The system employs single-degree-of-freedom deployable
mechanisms to minimize mechanical complexity and enable extended unattended operation.

A notional excavation cycle would advance the tunnel by 0.6 m per cycle, corresponding to one helical
loop of liner placement. Panel production using multiple sintering stations is estimated at approximately
one panel per day, or one complete liner ring (12 panels) every ~ 12 days, establishing the excavation
rate as production-limited rather than cutting-limited under the assumed power allocation.

Mission architectures for delivering the LTB from Near-Rectilinear Halo Orbit (NRHO) to the lunar
surface using horizontal cargo landers and gantry-based handling systems are examined. Mass and Equip-
ment Lists (MELSs), power distribution among excavation, liner production, and support subsystems, and
projected construction timelines are presented to evaluate feasibility for habitat-scale tunnel networks.

Results suggest that a self-contained robotic tunneling system leveraging nuclear power and in-situ re-
source utilization could enable scalable radiation-shielded subsurface infrastructure for human habitation
and industrial activity. Recommendations are provided for follow-on missions focused on maintenance
strategies, production rate scaling, and system redundancy to support sustained lunar construction oper-
ations.



