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Abstract Advanced space-faring nations, including the United States, have ambitious plans for lunar and
planetary exploration. Since 2020, there has been a shift in lunar exploration plans towards prioritizing
crewed missions. This change in focus aims to lay the groundwork for long-term plans, extending
beyond surface exploration to include energy resource development and the establishment of planetary
exploration outposts. Therefore, establishing infrastructure facilities that align with the requirements of
crewed missions is essential for promoting crewed lunar exploration activities and space development.
Building such infrastructure requires cost-effective and safe methods, including unmanned construction
using automation equipment and the concept of in-situ resource utilization (ISRU). Research is underway
to develop large-scale construction methods for building critical infrastructure for crewed lunar
exploration, such as resource mining and base construction. The need for construction equipment

suitable for use in low gravity and extreme space environments is gaining prominence in these efforts.
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Table 1. Variation of the measured values of
cohesion, angle of internal friction, median
bulk density and the mean total porosity
with the depth of lunar regolith.

i dian Mean

Depth . Angle of interna] Me
inteival Cohesion (kPa) friction (6) bulk total

(em) density | porosity
Mean | Interval | Mean | Interval | (g/cm’) (%)

0~15 | 0.52 |0.44~0.62| 42 41~43 |1.50£0.005| 5242
0~30 | 0.90 [0.74~1.10| 46 44~47 | 1.58+0.05 | 49+2
30~60 | 3.00 |2.40~3.80| 54 | 52~55 | 1.74+0.05 | 44+2
0~60 | 1.60 [1.30~1.90| 49 48~51 | 1.66+0.05 | 46+2
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Table 2. Comparison between different sampling
techniques

Method Sampling techniques

* Can penetrate even the hardest rocks

* High energy efficiency ratio, especially with a
percussive mechanism

* Good at maintaining sample bedding information

Drilling |* High expansibility for deep sampling

*+ Can easily reach a high reaction force in
low-gravitational environments

* Unsuitable for collection of large quantities

* Jamming may occur by cuttings

* Useful in collecting loose regolith
* Large sampling volume
 Large sampling scope with a robotic arm

Excavating
* Difficulty in sampling hard rocks or highly

compacted regolith without a percussive action
* Unable to maintain sample bedding information
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Table 3. Requirements and rover system design
impacts

Requirement System impact

Platform type selection
Power availability, landing
period and time
Navigation system

Lunar day mission
duration

Mining and subsystems
volume
Subsystems stowage
configurations

Limited stowage
volume inside the
lander

Mounting and
sensitive payload within
lander structure as
necessary, low mass

Launch capacity

Multiple portable
payload manipulation

Multiple end-effector to be
carried

Manipulating arm load
capacity
End-effector exchangeability
High dexterity, autonomy
Power consumption

Payload portability
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