
Asteroid Mining System
Laser-Plasma Drilling, Pneumatic Wedge Fracture &

Controlled Capture — v1

Overview
The Asteroid Mining System is a complete extraction
architecture built around three integrated innovations: a
dual-pulse plasma laser drill for zero-wear rock excavation, a
pneumatic wedge fracture system for controlled bulk
extraction, and a closed-loop gas recovery system that
recovers and reuses working gas across cycles. The system is
designed to operate autonomously in microgravity, extracting
pre-fragmented chunks of asteroid material sized for direct
feed into a Thermal Fractional Ore Processing System
(TFOPS).

Per-cycle marginal cost trends toward energy and minor
consumable wear only. Working gas, nets, bladders, and
hardware are all reused across cycles. Real-time
spectroscopic assay during drilling enables selective
processing, prioritizing high-value chunks for immediate
TFOPS feed while low-value material is stored in net bags as
buffer inventory.

Three Core Innovations

1. Dual-Pulse Plasma Laser Drill

Conventional laser rock drilling attempts to vaporize material
directly — energetically expensive and producing molten slag
that resolidifies in the hole. The dual-pulse plasma approach
inverts this logic: plasma is the primary cutting tool, not a
byproduct to avoid.

A single Q-switched Nd:YAG laser is split by a dichroic
beamsplitter into two wavelength channels. 20% is
frequency-tripled to 355 nm (UV) and used to generate a
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dense surface plasma. 80% remains at 1064 nm (IR) and
reheats the plasma via inverse Bremsstrahlung absorption.
Path-length matching provides sub-nanosecond
synchronization passively — no electronics required.

Plasma confined against rock in vacuum reaches 100–300
GPa — three to four orders of magnitude above rock tensile
strength (5–25 MPa). Material removal shifts from thermal
vaporization to shockwave spallation, requiring roughly 100×
less energy per unit volume. Crater depth per pulse: 50–200
µm.

2. Pneumatic Wedge Fracture

All horizontal bladder holes are bored from a single entry face
on one side of the mining area — feed lines, manifold
connections, and drilling equipment all remain outside the
fracture zone. A 6×6 vertical shaft grid serves as stress
concentrators, causing fractures to propagate preferentially
between adjacent shafts along natural grid lines.

Ten parallel horizontal bladder holes combine two
complementary types: grid-line holes (directly beneath the
intended fracture lines) steer fractures where they should
occur, and under-block holes (beneath each row of blocks)
keep chunk centers in compression for cleaner geometry.
Result: 25 characterized blocks of approximately 2m × 2m ×
1m, roughly 8 tonnes each.

3. Closed-Loop Gas Recovery

Gas compressibility acts as a natural two-phase pressure
regulator. High pressure (20–50 MPa) initiates fractures when
bladders are constrained by intact rock. As cracks propagate
and bladders expand into new void volume, pressure declines
naturally — the reduced force gently lifts the freed slab into the
net at 1–2 cm/s. No active pressure regulation hardware
required.

A two-tank architecture recovers all working gas every cycle.
Primary tank holds gas at working pressure. After fracture,
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valves switch to a secondary recovery tank. A toothpaste-tube
roller mechanism physically squeezes bladder sleeves from
closed end to manifold, mechanically expelling gas even at
near-zero pressure differential. Pump assist handles residuals.
Secondary-tank gas then recharges the primary to working
pressure. The roller simultaneously confirms bladder integrity:
a pierced bladder shows no resistance and zero delivery.

Material Capture — Pre-Anchored Net
The Dyneema or Kevlar mesh net (12m × 12m, ~40–60 kg) is
laid over the mining area and anchored at 16 perimeter points
before any drilling begins. Material is constrained from the
moment of fracture — no deployment timing problem, no risk
of material escaping, no active deployment mechanisms. The
net serves five sequential functions: drilling marker via
grommets, protective cover during drilling, lift support during
fracture, drawstring closure bag for transport, and the transport
bag itself to TFOPS.

On a 1 km diameter asteroid (surface gravity ~0.0005 m/s²), a
200-tonne slab weighs approximately 100 N. Fifty bladders at
0.05–0.1 MPa provide 40–400× the required lift force. Net
slack (15% extra) exhausts at 15–20 cm elevation, arresting
the slab before it exceeds lunar escape velocity.

Operational Sequence
Total cycle time: 18–28 hours drilling and preparation, 30
minutes fracture and capture. Real-time spectroscopic assay
during drilling maps composition per chunk location. After
fracture, chunks are categorized and routed: high-value
chunks to immediate TFOPS feed, mid-value queued for
processing, low-value perimeter chunks stored in net bags as
buffer inventory.

Selective processing strategy yields 5.2× revenue-rate
improvement on primary extraction versus undifferentiated
bulk. For stratified sites, multi-layer mining achieves 3.2× total
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value improvement: cycle 1 removes overburden to nets, cycle
2 exposes high-grade layer, later cycles process stored
overburden during low-demand periods.

Fault Tolerance
Pressure sensors at each bladder monitor relative pressure
throughout operation. Any anomalous drop triggers automatic
valve closure for that bladder, isolating it from the rest of the
system. No single failure cascades to total gas loss.
Surrounding bladders and shaft stress concentrators
compensate for an isolated bladder loss.

Key Numbers
• Laser: Q-switched Nd:YAG, 1064 nm, 600 mJ, 15 ns

pulse

• Peak plasma pressure: 100–300 GPa (rock tensile: 5–25
MPa)

• Mining area per cycle: 10m × 10m × 1m = 25 chunks ≈ 8 t
each

• Total drilling: 60% less than baseline (combined A+B
bladder pattern)

• Working pressure: 20–50 MPa initiation, naturally
declining for lift

• Cycle time: 18–28 hr drill + 30 min fracture and capture

• Selective processing yield: 5.2× revenue rate vs.
undifferentiated bulk

• Marginal cost per cycle: energy + minor gas top-up +
consumable wear

TFOPS Integration
The mining system is sized to feed directly into the Thermal
Fractional Ore Processing System without intermediate
crushing or sizing operations. Net bags of stored low-value
material serve as buffer inventory, allowing TFOPS to run
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continuously even between primary extraction cycles.
High-value chunks are processed immediately; low-value
material fills gaps. The system is designed for continuous
operation with no idle time at the processing stage.
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