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Abstract

Commercial space travel has started worldwide in 2021, and the demand for zero gravity flight has also been
increasing. In Japan, ASTRAX has been providing zero gravity flight services using an aircraft owned by Diamond
Air Service since 2012. In the case of a simple experiment, called a simple zero gravity experiment, the experiment
can be completed simply by boarding the zero gravity airplane on the day of the flight. In the case of television filming,
however, it is necessary to conduct in-flight checks and rehearsals in advance using the actual aircraft. The actual
aircraft is usually used for other flight services, making it difficult to use it for in-flight checks and rehearsals in
advance. To accommodate this issue, ASTRAX has developed a simulator that can be used for in-flight checks and
rehearsals using a zero gravity aircraft, as well as for education and training for personnel involved.

In this paper, the outline and functions of the simulator developed by ASTRAX will be introduced, and its usage and
future possibilities will also be presented.

Keywords: Zero gravity flight service, Education and training simulator, MU-300, Zero gravity, Commercial

space business
Nomenclature

ASTRAX LAB: ASTRAX Commercial Space Research
and Development Center

1. Introduction

ASTRAX is conducting various demonstrations to
develop services for space flight using the zero gravity
flight service provided by Diamond Air Service, the only
company in Japan that provides zero gravity flight
services. The aircraft used for this purpose is the MU-
300, a small jet manufactured by Mitsubishi Heavy
Industries, Ltd. An education and training simulator that
simulates the interior of an MU-300 modified for zero
gravity flight was developed, and the base was completed
in February 2023.

For its simulator, ASTRAX uses a camping trailer
(Argosy) manufactured by Airstream in the U.S., which
has the necessary equipment to verify and evaluate in
advance the experiments and missions that customers
will perform during zero gravity flights. The structural
part of the trailer is made to simulate the structure of the
actual MU-300 for zero gravity flight, and the filming
and lighting equipment is installed as is with the
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equipment that ASTRAX actually uses when it conducts
microgravity flights with the actual aircraft (and sends it
to the site when it flies in zero gravity).

This paper will summarize the MU-300 modified for zero
gravity flight, and the outline, functions, usage, future
modification plan, and possible future usage of the zero
gravity aircraft education and training simulator
developed by ASTRAX.

2. Zero gravity aircraft MU-300
2.1 Overview of MU-300

The Mitsubishi MU-300 (Diamond 1), the base of the
zero gravity aircraft used by ASTRAX for its zero gravity
flight service, is a small jet developed by Mitsubishi
Heavy Industries, Ltd. in 1981. Today, a total of more
than 900 aircraft in the series are still in service around
the world. The Japanese Self-Defense Forces have also
introduced the T-400 as a training plane. The aircraft cost
approximately 700 million yen at the time of its launch.
The MU-300 has been modified for zero gravity flight by
Diamond Air Service, and ASTRAX charters and
operates the aircraft.
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Fig. 1 The MU-300 Zero Gravity Aircraft
2.2 Basic Specifications of the MU-300

Made: Mitsubishi Heavy Industries, Ltd

Maximum takeoff weight: 6.6 ton (14,630 Lbs.)

Size: 13.3mWx14.8mLx4.2mH

Engine: P&W JT15D-4

Engine thrust: 1,134 Kg (2,500 Lbs.) /unit

Maximum range: 2.334 Km (1.260 NM)

Maximum operational speed: 796 Km/H (430 KT)
Maximum Operating Altitude: 12,505 m (41,000 Feet)
Maximum number of seats: 7 (2 pilot seats and 5
passenger seats)

2.3 Appearance of MU-300 (photograph and
description)

The external appearance of the MU-300, the only aircraft
currently used for zero gravity flight service in Japan, is
shown below.

Fig. 2 MU-300 exterior of the zero gravity aircraft

2.4 Interior of MU-300
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The sizes of each part of MU-300 modified for zero
gravity flight service are shown below.

A

<IDirection to travel
Schematic of MU-300

Fig. 3 Size of each part of MU-300, a zero gravity
aircraft
The interior of MU-300 is shown below.

2.4.1 Entrance Door

The entrance of MU-300 is located on the left side toward
the direction of travel. An image of the door is shown
below. Note that the MU-300 has an emergency exit on
the right side toward the direction of travel, but since it is
not normally used, it is omitted here.
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Fig. 4 Entrance area o MU-300
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2.4.2 Cockpit

There is basically no netting between the cockpit of the
MU-300 and the sideways-facing seat in which the
customer boards (there is a white curtain, but it is usually
not used). Images of the cockpit of the MU-300 are
shown below (Fig. 5).

2.4.3 Forward Windows
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Left and right side wall in the direction of travel near the
sideways-facing bench seat in forward area have 2
windows for each sides (the left side has two types: a
normal window and an entrance door window).

Fig. 60rward Windows of MU-300
2.4.4 Forward Seating (bench seat)

Immediately behind the pilot's seat (in front of the free
space), there is a bench seat for three people facing
sideways. There is a storage space under the seat for
equipment used for simple experiments.

2.4.5 Free Area space and aft seat

In the center (slightly forward) of the cabin of the MU-
300, a net is affixed, and behind the net is a space called
the free area (the seats are removed, allowing the
passengers to fly around in a large space in zero gvavity).
There are two seats, and two people sit in the free area
during takeoff and landing, but up to four people can be
inside during stable overflight and zero gravity flight.
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Fig. 8 Free area and aft seats of MU-300
2.3.6 Windows of Free Area

There are six windows in the free area, three on each side,
five on the cabin wall and one on the emergency exit
door. The inside surfaces are acrylic panels to which
suction cup attachments such as GoPro cameras can be
attached, so ASTRAX sometimes uses suction cups to
attach GoPro cameras and other equipment in these
windows when it is necessary to shoot on the side of the
free area or hand-held.

2.3.7 Ceiling of Free Area

The ceiling of the free area has a door from which oxygen
masks come out, an air conditioner vent, and an
emergency exit light, but these are basically not used in
zero gravity flight. Since there are no protrusions, it
should be considered almost impossible to fix anything
to the ceiling.

2.3.8 Floor of Free Area

The floor of the free area has a cushion mat that can be
divided into four sections. The surface is synthetic
leather, so liquids and other spills can be removed by
wiping.

The cushion mats can be removed, and when the cushion
mats are removed, there is an aircraft floor surface. The
floor surface has attachment rails to which seats,
laboratory equipment, etc. can be secured.
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There is an air intake for air conditioners, etc. on the side
of the floor surface, so care must be taken not to block it.
When liquids other than water are suspended or
experiments involving large amounts of water are
conducted, water-absorbing mats or curing sheets should
be placed on top of the cushion mats.

Fig. 13 Free Area Floor Attachment Rall
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2.3.9 Forward and Aft Nets at Free Area

The forward area and the aft free area are separated by
net to protect people and objects floating in the free area.
The nets can be removed during normal flight, but are
attached during zero gravity flight. The net is a
combination of lashing belts, which can be hooked and
tightened.

In addition to the net, a protective sheet or other material
should be attached to the net when experiments such as
levitation with liquids are conducted. In some cases, a
blackout curtain is placed behind the seats so that the nets
and equipment cannot be seen. However, since it is
necessary to ensure that the gravity indicator at the top of
the net at the aft is not hidden, a transparent sheet is
applied to that area when curing.

ST

Fig. 14 Frward and Aft Netfing
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2.4 Photography and Lighting Equipment for MU-
300

ASTRAX zero gravity flight service provides filming
service by video and photograph. The following is an
introduction to the equipment used for this service.

2.4.1 Video camera equipment for movie

Currently, ASTRAX's zero gravity flight service
provides two GoPro cameras (HERO10), one Canon
wide-angle digital video camera (iVIS mini X), and a
Nikon single-lens reflex camera (Nikon D780) for video
recording (Nikon D780 is normally used for
photography). Sometimes we use Gimbal Camera (DJI
Osmo Pocket) as required.

The video camera is basically fixed firmly in place with
clamps and attachments, but the installation position can
be freely changed.

In addition, when necessary, an iPhone is also used to
take video. The camera is not fixed in place, but is held
by a zero gravity astronaut (ZeroG-naut), which makes it
possible to capture moving video.

In the future, ASTRAX plans to add two or three more
GoPro cameras, one of which will be a 360-degree
camera.

Fig 15 Video camera equipment for movie
ASTRAX's zero gravity flight services

2.4.2 Camera equipment for photography

ASTRAX also provides a photography service by a zero
gravity astronaut (ZeroG-naut) using a Nikon D780
single-lens reflex camera. A flash is also used during the
photo shoot to ensure high quality, clear photos. At the
same time, the company also takes photos using iPhones
as appropriate.

2.4.3 Lighting Equipment
In addition to the cameras, ASTRAX also provides
lighting equipment, including two LED lights (Tolifo's

60W RGB LED video light GK-S60RGB), which, like
the cameras, are securely fastened with clamps. The
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installation position can be freely changed (but only
where the clamps can be fastened).

The color, brightness, and color can also be changed,
allowing the lighting to be adjusted as desired.

The lightings are quite powerful and provide sufficient
brightness, but in the future we plan to make it possible
to change to LED lights that are a little less bright,
compact, and lightweight (this will need to be verified in
the future to confirm its practicality).

Fig. 16 nghtlng equment for fllmlng ASTRAX S
zero gravity flight service

2.5 Flight suits of ASTRAX zero gravity services

ASTRAX provides orange flight suits to its zero gravity
flight crews. Until now, they have been provided (so that
they can take them home), but we plan to make them
available for rent in the future.

The flight suit has a mission patch uniquely designed for
each flight, an ASTRAX logo patch, and a "ZERO" logo
patch, which is a sign of ASTRAX zero gravity flight.

Fig. 17 ASTRAX zero gravity flight suits

3. ASTRAX Zero Gravity Aircraft Education and
Training Simulator

ASTRAX has developed a zero gravity flight simulator
to simulate in advance the zero gravity aircraft and actual
zero gravity flight services described in section 2, and
uses it for education, training, pre-mission verification,
and promotional filming. Details of the zero gravity flight
education and training simulator are presented below.

3.1 Appearance of the simulator
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The ASTRAX zero gravity aircraft education and
training simulator is made from the inside of an old
American camping trailer (Argosy made by Airstream).
Since the simulator simulates only the interior of an
aircraft, its exterior remains that of a camping trailer.

In addition, the actual aircraft (MU-300) has the entrance
door on the left side toward the direction of travel, but the
Argosy has the entrance door on the right side toward the
direction of travel, so that part is different from the actual
one. The side of the door has an air conditioner, which is
not present in the actual aircraft, so when using the
simulator, the door and the air conditioner section should
be considered as if they were not there.

ig. 18 Exterior of the ASTRAX zero gravity
aircraft education and training simulator (Argosy)

3.2 Simulator Interior

3.2.1 Entrance door

The entrance door is located on the right side toward the
direction of travel, which is different from the actual zero
gravity aircraft (the actual aircraft is on the left side).

In the simulation, this door is treated as if it were not
there.

Fig. 19 Entrahce‘t'o the ASTRAerbEr-avity aircraft
education and training simulator

3.2.2 Cockpit
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The cockpit does not simulate the actual aircraft (it
remains the driver's seat of the Airstream Argosy), as it
is not required for the customers’ missions.

= ;
Fig. 20 Cockpit of the ASTRAX Zero Gravity
Aircraft Education and Training Simulator

3.2.3 Forward Windows

The windows are basically irrelevant to the mission, so
the printed images are pasted.

In the actual aircraft, one of the windows on the left side
in the direction of travel is located at the entrance door,
but in this simulator there is no door on the left side, and
instead there is an air conditioner in that area, so the
window can be detached.

ol

EM;\ lr N W 5
Fig. 21 Forward Windows of the ASTRAX zero
gravity aircraft education and training simulator

3.2.4 Forward Seatings (bench seat)

As in the actual aircraft, there is a bench seat for three
people facing sideways behind the pilot's seat.
Underneath each seat is a storage compartment for
experimental equipment.
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Fig. 22 Forward Seatings (bench seat) of the
ASTRAX zero gravity aircraft education and
training simulator

3.2.5 Free Area space and Aft Seats

The free area at the aft of the aircraft is made the same
size as the actual aircraft, with cushion mats on the walls
and floor surfaces on both sides.
Two seats are located at the behind. Although it looks
different from the actual aircraft, it does not affect the
mission, so there is no problem.

Fig 23 Free area and aft seats in the ASTRAX Zero
Gravity Aircraft Education and Training Simulator

3.2.6 Windows of Free Area

The windows of the free area are also shown in the image
attached. As in the actual aircraft, there are six windows,
three on each side. In the future, acrylic panels will be
affixed so that GoPro cameras can be installed using
suction cup attachments.

Fig. 24 Window of Free Area of the ASTRAX zero
gravity aircraft education and training simulator

3.2.7 Floor of Free Area
The floor of the free area is covered with four separate

cushion mats, just as in the actual aircraft. These mats can
be removed, but no rails for mounting equipment have
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yet been installed on the floor under the mats, only
carpeting.

Fig. 25 Floor of Free Area in ASTRAX Zero Gravity
Aircraft Education and Training Simulator

3.2.8 Forward net and Aft net of Free Area

As in the actual aircraft, nets are installed at the forward
and aft of the free area. In the future, it will be possible
to further install a sheet for curing on top of this net.

Fig. 26 Forward and aft nets of free area in the
ASTRAX zero gravity aircraft education and
training simulator

3.3 Filming and Lighting Equipment (Individual
Photographs and Descriptions)

3.3.1 Video camera for filming
Two GoPro HERO 10 video cameras are installed on the
forward side of the free area as in the actual aircraft.

Although the locations of the cameras can be moved, they
are usually mounted on the pole securing the net at the
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forward side of the free area to capture images of the
entire free area. If necessary, the forward bench seat side
can be videoed, or it can be fixed to a window to capture
close-ups of the hand of the zero gravity experiment.

In addition, a CANON iVIS mini X digital video camera
is mounted on the top of the net on the aft side of the free
area so that the entire free area can be filmed from the aft.
These are only for simulation purposes, so they are used
to check the installation position and angle of view, but
actual recording may be done when shooting promotional
videos.

Fig. 28 Lighting equipmént for filming in ASTRAX
zero gravity education and aircraft training
simulator

3.3.4 Table for simple experiments

Some of the experiments conducted in actual zero gravity
aircraft use a table (a stick-on bar, on which panels can
be placed if necessary) to hold the equipment and tools
necessary for the experiments. The table can be set up in
the simulator as well. This allows for the evaluation of
preliminary arrangements for experiments using the
table.

3.3.2 Photography Camera

A Nikon D780 single-lens reflex camera, which is used
to take photographs of the actual aircraft, can be used to
take photographs. A flash is also used to take pictures,
allowing for high quality, clear photos to be taken. At the

same time, the iPhone is also used to take photographs as e
needed. /—

—_ . Fig. 29 Table Setup for Simplified Experiment
3.3.3 Lighting Equipment

The lighting systems are similar to that of the actual 335740 Gravity Flight Suit
simulator, and are fixed to poles that hold the forward net
of the free area so that the free area can be illuminated
from both sides. Since the simulator has an electrical
outlet, it normally uses power from the outlet and
switches to battery power when necessary.

Zero gravity flight suits are also provided for filming in
the simulator. There are 12 suits in various sizes.

IAC-23-A2.5.9 Page 8 of 30



74" International Astronautical Congress (IAC), Baku, Azerbaijan, 02-06 October 2023.
Copyright ©2023 by Taichi Yamazaki, International Space Services, Inc. and ASTRAX, Inc. All rights reserved.

Fig. 30 Flight suit in the ASTRAX zero gravity
aircraft education and training simulator (3) Photos shooting for space beer PR (July 26, 2023)

3.6 Other Functions

The simulator is equipped with a power outlet and an air
conditioner, and portable batteries and portable air
conditioners can be used as needed.

In addition, the Airstream Argosy in which the simulator
is located is a self-propelled camping trailer, so the entire
simulator can be moved around as needed.

3.7 Location of the simulator
The simulator is installed in the Airstream Argosy, which
is located in the ASTRAX Space Business Creation,

R&D, Education and Training Center (ASTRAX SPACE
CENTER) in Chiba, Japan.

4. Actual use examples of the simulator

(1) Space singer Mika Islam's PV shooting (July 13,

Fig. 32 Photos shooting for space beer PR (July 26;
2023)

(4) Visiting, experiencing, and photographing
children (July 7, 2023)

13, 2023)

(2) Rehearsals Use for TV program shooting (July 20,
2023)

wiP Y o 8 ..1
Lt |
Fig. 33 Visiting, experiencing, and photographing
children (July 7, 2023)

5. Evaluation in comparison with actual equipment

Figmé'l UséAby\TV program producers (July 20 The reproducibility of the simulator does not accurately
' 2023) ' simulate the actual equipment, so it will be necessary to
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make minor adjustments by comparing it with the actual
equipment as necessary in the future.

6. Future simulator renovation plans

ASTRAX plans to upgrade the zero gravity aircraft
education and training simulator and various facilities to
improve services.

Upgrade items envisioned for the future are listed below.

6.1 GoPro camera augmentation

Two GoPro HERO 11s and one GoPro MAX (360
degree camera) will be added to the facility to enable
filming at various locations without having to move the
cameras.

6.2 Simplification of LED lighting

The LED lighting currently used is large and powerful,
using two batteries, but in the future, we plan to offer a
choice of smaller LED lights (running on a single battery)
if needed.

6.3 Acrylic panels on windows

Acrylic panels will be installed on the surface of all
window images to allow GoPro cameras and other
suction cup attachments to be mounted.

6.4 Produce dark curtains and removable curing
sheets for the behind

A dark curtain for the behind and a detachable curing
sheet for experiments with liquids will be prepared for
PV and TV shooting to be provided during simulations
and actual flights.

6.5 Introduction of Amazon's Alexa

Due to the small space in the simulator, it is not possible
for many people to enter the simulator. Therefore, the
simulator will be connected to the ASTRAX Space
Mission Support Control Center via the Internet, and
voice control devices such as Amazon's Alexa will be
installed so that each device in the simulator can be
controlled by voice.

7. Future utilization plan

ASTRAX plans to conduct the following activities using
these simulators.
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7.1 Basic education and training for commercial
astronauts and passengers (customers) of zero gravity
aircrafts

ASTRAX needs to develop and increase the number of
passengers who will fly in zero gravity aircrafts and the
number of personnel who will support the passengers'
missions on board.

7.2 Rehearsals

Specific image training and rehearsals will be conducted
in accordance with the mission of the zero gravity
astronauts and passengers (customers) who have decided
to fly in zero gravity.

7.3 Promotional Filming

Using the simulator, promotional videos and photographs
related to zero gravity flight will be taken without leaving
the ground.

7.4 Exhibiting at exhibitions, etc.

The simulator will be exhibited at various events and
exhibitions held in Japan so that many people can
experience it.

8. Conclusions

The zero gravity aircraft education and training simulator
presented in this paper was recently completed at the end
of February 2023 and has not been used much yet. But as
space travel services begin around the world and many
ordinary people are becoming able to go to space, the
demands for zero gravity flights for preliminary
evaluation of space missions are expected to increase.

ASTRAX has been providing zero gravity flight services
since 2012, and has conducted many missions and
analyzed the needs of its customers (see Reference "79").
Based on the results of the needs analysis, it is necessary
to make the simulator easy to pre-evaluate the needs of
those with high needs.

We will continue to upgrade this simulator and aim to

improve the quality of zero gravity flight services and
space flight services in the future.
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Abstract

Commercial space travel has started worldwide in 2021, and the demand for zero gravity flight has also been increasing.
In Japan, ASTRAX has been providing zero gravity flight services using an aircraft owned by Diamond Air Service
since 2012. In the case of a simple experiment, called a simple zero gravity experiment, the experiment can be
completed simply by boarding the zero gravity aircraft on the day of the flight. In the case of television filming,
however, it is necessary to conduct in-flight checks and rehearsals in advance using the actual aircraft. The actual
aircraft is usually used for other flight services, making it difficult to use it for in-flight checks and rehearsals in
advance. To accommodate this issue, ASTRAX has developed a simulator that can be used for in-flight checks and
rehearsals using a zero gravity aircraft, as well as for education and training for personnel involved.

In this paper, the outline and functions of the simulator developed by ASTRAX will be introduced, and its usage and
future possibilities will also be presented.

Keywords: Zero gravity flight service, Education and training simulator, MU-300, Microgravity, Commercial
space business
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Keywords: ASTRAX LAB, R&D Center, Commercial Space Business, zero gravity airplane educational
training simulator
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