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Research, Nagoya University
Mars Society of Japan Moon Mobius

Abstract- In recent years, there has been a growing interest in
space development all over the world. Nearby stars such as the
Moon and Mars will have manned spaceflights in the near
future. Robotic exploration and construction will take place
before humans actually go. Many shafts have been found on
the Moon and Mars, and the first bases and cities will be built
underground. Demonstration experiments will be conducted on
Earth for robots that are active on the Moon and Mars.

MDRS (MARS DESERT RESEARCH STATION)

MDRS is a Mars simulation facility built in the desert
of Utah, USA. Scientists and engineers from all over the
world gather and stay for two weeks. Experiments of each
theme, and exploration of the desert by the rover are
carried out.

MDRS (Mars Dessert Research Station)

Okamoto and Venzha Christ, Director of the Indonesian
Space Association, participated in the 2018 CREW191
Team Asia. Okamoto is conducting exploration by drone.

group with Japanese participants

Japanese have participated in MDRS several \
times in the past. Among them. Okamoto
participated in CREW 137 and CREW191.In
CREW 191. a film crew from the Japanese
TV station NHK is also participating.
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COLLECTION OF AEROSOLS BY DRONE

Mars has an atmosphere. 0.7% of Earth's atmospheric
pressure. Measuring atmospheric conditions is essential
for working on Mars.
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“The air is aspis i pas ough a sealed ilized filter (medical cleaning cotton) to collect fine particles.
At this time, a suction device that achieves a large flow rate s as not to lose to the airflow of the drone is important.
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A centrifugal fan with a diameter of 30 mm and 8 blades is rotated by a small BL motor (14000 rpm) to create powerful negative pressure.

‘,6 .
@ .
Saturday. July 15, 2023

Advanced UAV Research Project AeroFlex Representative T:

We used drones to collect aerosols. The collected
aerosol was subjected to XAFS measurement at a
synchrotron radiation facility (in this study, the Aichi
Synchrotron Light Facility was used).
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This collection device can remotely control the
collection time of the aerosol. Aerosol collection was
performed at the ““field burning site" conducted on
January 23, 2022, in the vicinity of the Kogai River
(downstream of Yamato Bridge, Joso City, Ibaraki
Prefecture).
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Two collection heights, ~15-20 ft" and “*300 ft" above
the ground, were selected, and the aerosol collection was
performed for 3 minutes at these positions. A cotton puff
was used as a collection filter to collect the aerosol.

XAFS measurement @ Aichi SR_BL6N1 (He-path system)

Sample holder Measuring chamber

Fluorescent X-ray
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Measure the intensity of
Fluorescent X-rays
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@ Attach up to 12 strip-shaped rubber samples
@ Measured at atmospheric pressure with He pathy
@ In-situ measurement by using a heating device

Capable of analyzing insulating samples and liquid samples:

Capable of analyzing the chemical state of acrosols

— 15-20ft
3 —— 300ft
T oo
: ()
2z (@
(2]
2 ooz
£
[ =
.0
I
& o001
<

1 1 1 1 1 1 Il 1

2455 2460 2465 2470 2475 2480 2485 2490 2495
Photon Energy (eV)

MARS DRONE
On April 19, 2021, NASA successfully flew a drone
on a planet other than Earth for the first time in human

UAYV, UGV AIMING AT THE MOON AND MARS AIMING FOR

ATMOSPHERIC OBSERVATIONS ON MARS
Wataru Okamoto, Tatsuki Horii

E-Proceeding
Askara International Conference
Vol.1, No.1 2023

history. Ingenuity is the drone that arrived on Mars in the
Perseverance rover.
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Mars drone

AcroFlex Official Homepage https://horiitatsuki.wixsite.com/website

Indonesia UFO Festlval

At the University of Tsukuba venture company
Aeroflex, we received an order from JAXA in Japan and
produced a Mars drone. Equipped with 6 propellers, the
middle propeller is placed upside down.
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By having 6 propellers, it has redundancy
for emergencies. The two sets of propellers
in the middle are installed upside down.

AcroFlex Official Homepage https://horiitatsuki.wixsite.com/website e e

CAVES ON THE MOON AND MARS

In recent years, many vertical holes have been
discovered on the Moon and Mars. Drones and rovers will
be deployed to explore these holes.

42



P
ouiown 2023 79 (D

4& SEit CUAVER ST Aero Flex

etoFlex s>c2oncc

Shafts found on Mars Credit:
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Since the moon has no atmosphere, either a rover-only

probe or a rocket-powered UAYV is conceivable.
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actually operating drones and rovers in vertical holes in
various parts of Japan.
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Japan has many underground caves.
We are exploring various caves for
experimental purposes.

BECEELE
« UAViR &

e £,
LT T
i_flm;:ﬂ-h"! ” FRyMBAWE . UAVER
- UAVME - UGVETE
- UGVIE TRk

AeroFlex Official Homepage https://horiitatsuki.wixsite.com/website g A
g Indonesia UFO Festival

STATE OF EXPERIMENT IN A CAVE
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We are conducting experiments using drones and rovers in

various parts of Japan. We are testing both standalone and

coordinated exploration.
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Examples of UAVs and UGVs used in

A

AeroFlex Official Homepage https://horiitatsuki.wixsite.com/website

The Nojima Bunker in Yokohama has been tested many
times this year.
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Joint UAV and UGV Exploration
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Cave exploration flving robot [Colibri]

Output of each motor when approaching the wall.
Back calculation from this data to find the force
acting on the airframe o ————

Indonesia UFO F

AcroFlex Official Homepage https://horiitatsuki.wixsite.com/website
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Rover Daimon Yaoki, which is participating in the
experiment, will be launched this month. It will be Japan's
first rover to go to the moon.

LANDING GEAR ON MARS
Here, we introduce a new landing gear that AeroFlex
is developing.
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Extensive swarms by small exploration
probes (RWD)exploration

i OAcquisition of terrain and surface environment data using a small exploration probe
OBased on the data obtained by the probe Send a large spacecraft for detailed exploration

AeroFlex Official Homepage https://horiitatsuki.wixsite.com/website ,"M‘w;”,\” =

Until now, landers have generally used parachutes.
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Exploration probe that descends while
moving due to autorotation
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Probe using Rotary Wing Decelerator (RWD)

s 23
Indonesia UFO Festival

AcroFlex Official Homepage https://horiitatsuki.wixsite.com/website

Horii is developing a landing gear that applies the
principle of helicopter autorotation.
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Rotary Wing Decelerator (RWD)

@ Deceleration
method using Normal Operation
Autorotation. Which is  powsred tevel rorward Fight
also used for safe
landing when the
helicopter loses power
@ Upward drag and
rotational torque are
generated by the lift
and drag generated by
the flow received from
below.it slows down

Autorotation

Unpowered Steady Glide

It is easy to control the speed and position of the landing
point.
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Theoretical study i RWD | Assumed conditions
(Drop environment)Rotary Wing Decelerator (RWD)

@ Assuming a ride-
sharing with a large
probe

# After the first stage
of deceleration in the

In addition, there are scenes where the deceleration effect
is more than the parachute.
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Theoretical study in RWD | Calculation results
Calculation results with airframe mass of 1.8 kg and rotor diameter of 1.2 m
(same conditions as Ingenuity)
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Examination result | Landing speed
Comparable to: Viking DGB Parachute

@ Viking. Phoenix. Mars Science
- -~ Parachute 1.8 kg 1~ Laboratoryused in
— RWD 18kg ] : e
Rwpisks @ Large drag (‘:oetﬁcmnl. small stfiblht_\
RWD 13k 1 4 Parachute diameter and rotor diameter are

RWDILlkg ] N 3
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100

80

60

40

Descent Velocity [m/s]

20

0 20 40 60

Time

On Earth, we are thinking of applying it to a probe that is
dropped into a typhoon.
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The practice of drone and 3D modeling courses aiming to
cultivate "glocal literacy"
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https://researchmap.jp/ky40509691/presentations/4126609
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Air pollution collection and XAFS analysis by drone
Wataru Okamoto, Shinya Yagi 1), Tatsuki Horii 2)
1) Nagoya University 2) AeroFlex
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