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i Numerical Study of Surface Parameters Controlling Electrostatic Dust Charging on the
Lunar Surface over Terminator Region (Necmi)

The lunar dust exosphere is sustained by the flux of
interplanetary dust, impact ejecta and electrostatically
transported dust particles (Figure 1). Even though
laboratory experiments demonstrated dust lofting by
electrostatic forces, there are several parameters to
investigate through numerical studies as well as
laboratory experiments. In our previous studies, a test
bed has been developed to demonstrate the fundamental
mechanism of the electrostatic dust transportation in the
vacuum chamber (Figure 2), and the experimental results
have been published for the initial launching velocities,
launch angle distribution, lofted dust particle
distribution, maximum heights, and acceleration profiles
[1, 2, 3]. Even though the dust charging time is
essentially controlled by ambient plasma conditions, the
charge magnitude requirement to launch a dust particle
from the surface is mainly controlled by the regolith Figure 1: Lunar dust exosphere layers.
configuration.

Figure 2:  Silica microsphere transportation in the vacuum chamber experiments (left),
video processing of detected lofting particles (right).

During this year study, the simulation results are investigated for various surface configurations while
plasma parameters are selected as continuous slow-stream solar wind considering agglutinate glass, basalt,
and regolith breccia with mass densities of 1.00 kg/m3- 3.30 kg/m2. In the future study, plasma parameters
from coronal mass ejections (CMEs) and corotating interaction regions (CIRs) will be investigated. The
maximum altitudes for lofting particles, vertical launch velocities, charge-to-mass ratios, dust altitudes with
normalized particle numbers are reported for over 8000 particles in each simulation run, where dust particle
radius is selected as 0.1 micrometer, 1 micrometer, and 5 micrometer. These results are reported in Lunar and
Planetary Science Conference (LPSC2023).

The simulation results point out that the regolith configuration could significantly control dust lofting by
electrostatic forces (Figure 3 and 4). Even though the near-surface electric field controls the particle motion
after the detachment from the surface, the main mechanism is expected to be the repulsion between the adjacent
charged dust particles. Therefore, the contact forces play a significant role in dust lofting since it determines
the initial charge magnitude to initiate lofting. In addition, the characteristic size of the micro-cavities also
plays a significant role since dust grains require smaller charges when the repulsive surfaces are in proximity.
These are important to consider for two reasons. First, the particles could attain higher launching velocities
when stronger repulsive potential energy builds up within micro-cavities between the charging particles.
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Second, higher charge-to-mass ratios could allow particles to travel further by the near-surface electric field
on the lunar terminator.
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Figure 3: The results for the particles with 0.1-micrometer radius (left) and l-micrometer radius (right)

The dust grains with 0.1 micrometer radius have trajectories influenced by the surface electric field more
than the other particles since they have higher charge-to-mass ratios. Even though no particles reached above
1-km altitude, the particles with high charge-to-mass ratios could be transported to higher altitudes near the
regions with the enhanced electric field. As expected, there is a significant variation in the altitudes of lofted

dust grains.

The gravity force and the electrostatic repulsion due
to the surface electric field are the long-term forces
during particle transportation. They determine how
long the particle will sustain lofting before returning to
the surface. The particles with strong contact forces
and/or lower particle mass densities could attain higher
charge-to-mass ratios. While all particles return to the
surface for the simulations with 5-micrometer grains,
some of the smaller particles can be repelled again with 10
the surface electric field.
particles are observed to be oscillating between some
altitudes instead of a stable levitation. The upper limit
of the charge magnitude should be determined for the
lofting particles. This study investigates the charging
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requirement to loft particles with different surface
conditions. Charging time and the plasma conditions
should be investigated further to establish the relationship between the solar wind and the regolith
configuration for the dust lofting estimations.
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Figure 4: The particle trajectories (gray
lines) and the maximum altitudes (red points)
for the dust grains with 1 micrometer radius
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References: [1] Orger et al., Adv. Space Res., 63(10), 3270-3288, 2019. [2] Orger et al., Adv. Space Res., 62(4), 896-
911, 2018. [3] Orger et al., Adv. Space Res., 68(3), 1568-1581, 2021.
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B OPERA (Onboard Processing of Earth-origin one-way Radio ranging signal)
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B | EOPARD Satellite
LEOPARD (Light intensity Experiment with On-orbit Positioning

and satellite Ranging Demonstration) is a 3-unit (3U) CubeSat with
multiple missions planned for low Earth orbit to be launched in early
2024. LEOPARD is partially a technology demonstration mission
prior to a lunar CubeSat mission to monitor the lunar horizon for

light-scattering events with the lunar dust. Kyutech collaborates

with Nanyang Technological University (NTU) in Singapore in
single event latch-up (SEL) mission. The missions are listed in Table

1 below.

Figure 1. LEOPARD satellite

Table 1. List of missions for LEOPARD satellite

I

Multispectral Camera  Detecting light-scattering by atmospheric molecules causing Rayleigh
mission scattering when the Sun is below horizon line

Demonstration of the positioning technology for deep space mission in

OPERA low-earth orbit.

. Evaluation of shielding for single events on two ARM-based

SEL mission -
microcontrol lers

TMCR Measurement of TID on COTS components

Magnetometer mission  Measurement of magnetic field gradient around the satellite body

SMA mission Deployment demonstration with shape-memory alloys in orbit

LEO demonstration mission will improve our capabilities of mission design, planning, testing and image
processing. Lessons learnt will be significantly valuable prior to the lunar mission, and derivation of the
distribution of fine particles of the upper atmosphere layers with a resolution of 3 km from image analysis will
be a critical milestone prior to the lunar mission. In addition, OPERA mission has objective of demonstration
for satellite tracking technology for deep space applications. It will be used to determine LEOPARD’s orbit
with the vectors of distance and velocity at LEO. While SEL and TMCR missions are investigating the
radiation effects on COTS components on internal boards, magnetometer mission will measure the magnetic
field around the satellite body by placing magnetometers on deployable solar panels. Finally, SMA mission
will demonstrate the usage of shape-memory alloys for solar panel deployment. While PDR milestone has

been completed by May 2023, CDR is planned for August 2023.
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ak KITSUNE

B KITSUNE Satellite
KITSUNE (Fox in Japanese language) is a 6-unit (6U) 1

CubeSat with multiple missions such as Earth observation
with 5-m class resolution color images, demonstration of C-
band communication service, development of 2-unit main
bus system (2UMB), technology demonstration towards total
electron content measurements in the ionosphere, LoRa on-
orbit demonstration for Internet of things (1oT), and store-
and-forward mission from the ground sensor terminals of the
developing countries. KITSUNE satellite has three main
segments as below:

(1) 2-unit main bus that is controlled via amateur

frequencies

. =

Figure 1. KITSUNE satellite

(2) 3-unit camera payload system that is controlled by &~
2UMB
(3) 1-unit SPATIUM-2 mission that is controlled via

non-amateur frequencies

KITSUNE satellite in Fig. 1 was developed as a collaboration between international academic institutions and
private sector in Japan while Kyushu Institute of Technology (Kyutech), which is the main satellite developer
and integrator, acted as the middle ground to establish communication and collaboration between all entities.
Kyutech team collaborated with Addnics Corp. and Harada Seiki Co. Ltd. in Japan for C-band communication
and optical payload development while the team cooperated with Nanyang Technological University (NTU)
in Singapore on CSAC (chip-scale atomic clock) payload and Arthur C. Clarke Institute for Modern
Technologies (ACCIMT) in Sri Lanka on store-and-forward (S&F) mission payload. In addition, KITSUNE
is the first multi-layer insulation equipped CubeSat to be deployed from International Space Station (ISS).
KITSUNE was deployed from the ISS on 24" of March 2022, and it operated until 15" of March 2023. It was
able to communicate with all four ground stations (GS) as amateur UHF GS, non-amateur UHF GS, C-band
main GS, and C-band mobile GS for control uplink and telemetry/mission data downlink. In addition, store-
and-forward mission was able to collect data from the ground sensor terminals of eight countries around the
world. The Earth observation mission has been achieved up to 9-m class imaging with non-ideal ADCS
pointing as in Fig. 2. Even though ADCS subsystem presented several challenges to the operation, KITSUNE
was able to downlink data at 1 Mbps speed to both C-band main GS with 2.4m dish and mobile GS with 0.6m
dish.
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Figure 2. KITSUNE satellite images over Spain

Deep learning algorithm is also tested for wildfire
detection and image classification in-orbit with controller
board on the camera payload. While over 96 images are
captured with the camera payload, it captured
approximately 30 images over Japan. Unfortunately, almost
all images showed mostly clouds for Japan. In addition,
deep learning algorithm was performed over 9 captured
images.

Finally, SPATIUM-II technology demonstration mission
towards ionospheric TEC measurements showed that spread
spectrum signal was successfully received and decoded by
the payload while using CSAC as the clock source with a
commercial software defined radio. In addition, the cross-
correlation results and time-stamp detections showed that
the method is promising when there is sufficient link
margin.

In conclusion, KITSUNE satellite operated in low Earth
orbit for 355 days during solar maximum, and it achieved
two extra success criteria, one full success criteria and two

minimum success criteria with no failure in any missions.
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BIRDS Project

Tha Joint Giobal Multi-Nations Birds Satelite project, or BIRDS project, was created by the Kyushu Institute of Tachnology (Kyuteeh) to help
Gountries build their first satellte. So far, there have been 4 completed and one engeing BIRDS missions:

1. BIRDS-1; Bangladesh, Jagan, Mongolia, Ghana and Nigeria.
2. BIRDS-2: Bhutan, The Philpines and Malaysia.

3 BIRDS-3: Japan, Sri Lanka and Nepal

4. BIRDS-4: Japan, The Philipines, Paraguay.

5. BIRDS-5: Japan, Uganda and Zimbabue.

The projact has two main objectives:

1. Experiance the antire cycle of a satallte project, from mission difinition 1o eparation, in a hands-on mannar.
2. Have a strategy for sustainability after the training ends.

It shouid be emphasized that the primary goal is not the building of a satelite, but to have a long-term and sustainable space program
established in each member county.

Kyutech initiated a long-term fellowship program, DNSTIPNST (Doctorate in NanoSatelite Technology/ Postgraduate study in NanoSatelite
with the United Nations Space Affairs (UNDOSA) to promote the space capacity
buiding of non-space-faring nations. It also started the Space Engineering International Course (SEIC) in 2013 as a postgraduate program.

Twro or three young engineers are sent from each participating country to Kyutech as full-time graduate students to earn space engineering
using 1U CubeSat development work. The BIRDS program is designed so that sach generation of satelites can be finished in two years,

to oparation. i two years is critical to it the antire satallte project into a master's dagres course
study timeline, which is two years.

The BIRDSBus

New: A on the March 2022 ing their use of the i ix HX1COMS module
with the BIRDS platform. The module's datasheet has been added to the COMS repos! Also, detailed battery
testing and screening procedures have been added to the procedures repo. Please check these new
documents.

Cne of the main ontributions from the BIRDS Project to the working teams is the BIRDSBus. It a hardware platform consisting mainly of
an EPS, a CEDHS and COMMS to satisfy the neads of a standard bus. This is an explodad view of the entire bus:

GitHub D&
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KITSUNE f# 4 % i > 7= Store and Forward Mission (ZE89 % hL—=27" £&[E® Ground Sensor
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THE 2022 1AF EMERGING SPACE LEADERS 7O 4S5 LiFk&E X (IAF HP & U)

IAF (International Astronautical Federation) 73##,3" % THE 2022 IAF EMERGING SPACE LEADERS
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https://www.iafastro.org/news/the-iaf-is-proud-to-introduce-the-2022-iaf-emerging-space-leaders.html
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ﬂ BIRDS Program

BIRDS 7' 77 AZBAT 25FMIIZ BIRDS == — AL ¥ —% T Z &0,
More details on BIRDS Program can be found at BIRDS Newsletter at
http://birds1.birds-project.com/newsletter.html
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http://birds1.birds-project.com/newsletter.html
https://www.facebook.com/Birds4SatelliteProjectKyutech/

FEIE, 0l BICERICKH SN, 3SHERELEDE—a L OZEDHERTE R o7, Try
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w2k SEIC PBL

B FEHITREREE=— X (SEIC ; Space Engineering International Course)® PBL (Project
Based Learning)

FHf L EES 2 — A (SEIC) <TiX PBL (Project Based Learning) DBENLETHY, 7 r =
7 MEBIZB L Ty VTR ERAF NV EEGT 5, L OFERF 2 —T %y MR T Y
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Global 73 44" % Mission Idea Contest (MIC) ~DIRETHT AT 7 Zaf+ 5 uy =7 FMEE
LD, LUFOEEX 2022 4D UNISEC Global CTBif# L 7= Pre-MIC DEEDOEETH Y, JLTK
FHENDDRELFERINT,

UNISE Global T® Pre-Mission ldea Contest (£ R4 > J—)LITH#KE)
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