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Abstract
Japan has been developing a domestically produced passenger plane called the MRJ (Mitsubishi Regional Jet) since
2008 where 10 planes were manufactured and test-flown. However, due to the rash of development delays and the
effects of COVID-19, development has been frozen in 2020. If this situation continues, the development of MRJ may
end up completely in vain. Therefore, ASTRAX is investigating the possibility of using the MRJ in this development
stage to develop a zero gravity flight service in Japan and the rest of Asia. In this paper, while analyzing the
advantages and disadvantages of MRJ, we will present a summary of ideas and issues to approve MRJ not as a
passenger plane, but as a special plane for experiments and research to use it for zero-gravity flight services in Japan

and the rest of Asia.
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1. Introduction

ASTRAX, a Japanese commercial space business
company, has been providing zero gravity flight
services in Japan and the United States since 2012. In
Japan, the aircraft used for zero gravity flights were the
Gulfstream 2, a medium-sized jet operated by Diamond
Air Services, and the MU-300, a smaller jet. However,
the Gulfstream 2 was retired around 2020, and only the
MU-300, a small aircraft, will be available for zero
gravity flight in Japan.

Meanwhile, Japan has been developing the Mitsubishi
Regional Jet (MRJ) which was later renamed the
Mitsubishi Space Jet (MSJ), a mid-size passenger plane,
in order to realize the first domestically produced
passenger plane in 40 years. Initially, the first mass-
produced aircraft was scheduled to be delivered in 2013.
However, a series of development delays prevented
delivery and due to the impact of the COVID-19, the
decision was made to freeze development indefinitely in
2020.

A total of 10 MRJs have been manufactured as various
test planes (including unfinished ones). Development
tests and flight tests have been conducted in Japan and
abroad, but some of them were dismantled and scrapped
after the freeze was decided. However, a few aircrafts
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still remain, and ASTRAX wanted to make effective use
of them, so we have examined to see if they could be
used for zero gravity flight services in Japan and the rest
of Asia.

2. Overview of MRJ

The following is an overview of the MRJ aircraft that
will be examined for its potential for zero gravity flight.

2.1 Overview of MRJ

Two types of MRJs were manufactured: two 70-seat
class MRJ-70s and eight of 90-seat class MRJ-90s.

Five of the MRJ-90s were undergoing actual flight tests.
In addition, there were other aircrafts scheduled for re-
ground function tests (fatigue strength test aircraft) due
to design changes, aircraft scheduled for tests due to
design changes (function and reliability,
operation/operation evaluation, ground resistance to
lightning, and high radiation environment), and aircraft
scheduled for autopilot tests and equipment layout
revisions due to design changes.

Two MRJ-70s were being assembled on the structural
line at the final assembly plant and were scheduled for
completion in 2018, but both were scrapped when the
project was frozen.
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On June 13, 2019, the MRJ-70 was renamed to SpaceJet

M100 and the MRJ-90 was renamed to SpaceJet M90 in - 8th model (unregistered):
conjunction with the renaming to Mitsubishi Spacelet. Dismantled and disposed of as MRJ-70 after being
They will be described in this paper under their former frozen during fuselage assembly on the structure
names. line at the final assembly plant.
Table 1 shows a summary of each of the MRJ-90 and
MRIJ-70. - 9th model (unregistered):
Dismantled and disposed of as MRJ-70 at the final
Table 1. Summary of MRJ-90 and MRJ-70 [76] assembly plant and on the structural line.
MRJ90 MRJ70 - 10th model (JA26MJ)2
AR 92 78 Scheduled to acquire Type Certificate as MRJ-90
(A b ﬁﬁéi gng am) | 338x202x104 | 334x292x104 and to be used for flights.
( =\=I:|> :9:/ _m:’,/) 782x2% 693% 2%
BABEEE
(A055 1) 39600-42800 36850-40200
izt
A Tl 1670-3310 1530-3380

The roles of each aircraft are shown below (aircraft
registration numbers in parentheses). [77]

- 1st model (JA21MJ):
Plans to conduct functional and performance tests
as MRJ-90

Fig. 1. 1st Model

- 2nd model (JA22MJ):
Scheduled to undergo functional and performance
tests as MRJ-90

- 3rd model (JA23MJ):
Scheduled to undergo flight characteristics and
avionics tests as MRJ-90

- 4th model (JA24MJ):
Scheduled to undergo interior, noise, and ice
protection tests as MRJ-90

- 5th model (JA25MJ):
Autopilot test as MRJ-90 [99] and review of
equipment layout due to design changes Fig. 2. 2nd Model

- 6th model (three types, but not registered as
they are for ground tests):
Planned for re-ground functional test as MRJ-90
due to design change (one static strength tester and
two fatigue strength testers)

- 7th model (JA27MJ):
Scheduled for re-ground functional tests (function
and reliability, operation/operation evaluation,
ground lightning resistance, high radiation
environment) in accordance with the design change
as MRJ-90
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Fig. 4. 4th Model
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2.2 Overview of Body Structure
2.2.1 Body Structure

The exterior appearance is the same as that of a typical
small jet airliner with a cylindrical fuselage, retractable
wings, and engines under the main wings, but the nose
and main wings are shaped in consideration of
aerodynamic drag. The fuselage is made of aluminum
alloy in consideration of contact with ground equipment
and vehicles, as well as ease of maintenance at regional
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airports. On the other hand, for the first time in this
class of aircraft, the main and tail wings were made of
carbon composites, and about 30% of the total weight
was planned to be made of composite materials to
reduce weight, but this was later changed to aluminum
alloy for the main wings. The curvature of the MRI's
main wings is approximately R800, which is larger than
the R2000 of a larger aircraft, and it was found
necessary to increase the number of laminated sheets
and add reinforcement materials to ensure strength.
Even the originally planned 30% composite material
ratio was less than that of a large aircraft such as the
Boeing 787 and Airbus A350 XWB, which have a ratio
of approximately 50%, but this was in consideration of
the characteristics of regional jets, which frequently take
off and land (composite materials are strong against
stretching forces but weak against pushing forces such
as collisions).

2.2.2 Fuel System

Fuel consumption was reduced by 20% compared to the
conventional aircraft by optimizing the airframe shape
and reducing the weight of the composite material. In
addition, the MRJ's performance significantly exceeds
the latest environmental standards (Chapter 4 and
CAEP6) set by the International Civil Aviation
Organization (ICAO), making it a low-noise aircraft
with a lower environmental impact than previous
models. In terms of range, both the MRJ-70/90LR
models have the capability to cover the entire European
and U.S. regions.

2.2.3 Cabin

A modern and stylish cabin space was planned based on
the concept of “new comfort”. The forward and aft
doors were placed at the same station on the left and
right sides, and the emergency exit on the wing was
eliminated, allowing for flexible and diverse seating
layouts. The cabin was designed to be approximately 2
m high to accommodate the 1.88m value that most
American men can fit into, allowing most Western men
to move around the cabin without bending down. The
aisle width and seat width are both 46 cm, and the
seating arrangement is four rows horizontally with two
rows on each side across the aisle and no center seat,
allowing passengers to move easily (the fuselage section
was planned to be slightly wider horizontally than a
perfect circle to increase comfort, but this was changed
to a shape closer to a perfect circle).

2.2.4 Seats

Zodiac Seat California seats were adopted. The original
plan was to use a slim seat jointly developed with Delta
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Industries, a Mazda affiliate. This slim seat uses Japan's
unique three-dimensional weaving technology, which
makes it thinner than conventional urethane seats, and
allows for more leg room than conventional seats by
providing more space between the front and back of the
seat. The advantage of this technology is that it
disperses pressure applied to the body and provides
excellent ventilation, allowing passengers to sit
comfortably and spaciously. However, the seat was not
adopted due to factors such as the fact that overseas seat
manufacturers have been making thinner seats for
economy class in recent years.

2.2.5 Overhead bins

The overhead bins are large enough to accommodate a
bag with rollers. The latrine is wheelchair accessible.

2.2.6 Cockpit

The cockpit will be a glass cockpit with a Rockwell
Collins Proline 21 Fusion system. Initially, the cockpit
was considered to have a side stick system like the
Airbus aircraft, but the control wheel system is the same
as that of the Boeing aircraft. Mitsubishi claims that the
cockpit specifications were decided based on market
research, but the fact that the new Boeing B777 and
B787 aircraft, with which Mitsubishi has been
cooperating with Boeing, continue to use control wheels
instead of side-sticks is also a factor.

2.2.7 Engines

The PW1215G (MRJ70) and PW1217G (MRJ90) from
Pratt & Whitney's new PWI1000G series of geared
turbofan engine (GTF) type engines were adopted. The
GTF uses a relatively larger fan than conventional
models, which allows for a higher bypass ratio, resulting
in improved fuel efficiency. Pratt & Whitney explained
that the GTF is 12% more fuel efficient than
conventional engines. It would also reduce noise and
emissions. If the original plan had gone according to
plan, the MRJ would have been the first aircraft in the
series to use the engine, but due to repeated planning
delays, the rival Bombardier C series, which uses the
PW1500G, took its first flight (September 16, 2013).
Final assembly of the engine was to be performed by
Mitsubishi Heavy Industries in Japan. Also, while
originally equipped with a smaller version of the hybrid
aluminum-titanium fan blades used on the larger-
diameter derivatives of the PW1000G series fan, the
PW1200 series, which the MRJ will later be equipped
with, will switch to a solid-state titanium design for
improved performance and damage tolerance.

2.2.8 Technology
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The fuselage was built with the latest Japanese
technology, including composite materials, a specialty
of Japan, and a domestically developed supercomputer
was used in the design of the fuselage. In addition,
aircraft development has a wider technological base
than that of automobiles, and it is expected that
technology will be transferred from the MRJ to various
industries. 30% of the 950,000 parts in the fuselage
were produced by Japanese companies.

2.2.9. Partner Companies

Partners for the airframe system came from Japan and
abroad. The five major companies included Parker
Aecrospace of the U.S. for hydraulic systems; Hamilton
Sundstrand of the U.S. for power, air conditioning,
auxiliary power (APU), fuel tank explosion protection,
high lift equipment, and fire protection systems;
Rockwell Collins of the U.S. for electronic equipment
and flight control systems; and Japan's Nabtesco
Corporation for the flight control actuation system, and
Sumitomo Precision Industries for the descent and
landing system. Jamco will also design the composite
ailerons and spoilers in cooperation with Mitsubishi. [77]
: s o Al

Fig. 6. MRJ-70 (M100) seating mockup (Top) and
Overview Figure (Bottom) [78]

3. Considerations for Applying MRJ to Zero Gravity
Flight
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3.1 Considerations for Conversion of MRJ to Zero
Gravity Flight

The following is a list of considerations for converting
MRIJ to zero gravity flight service.

3.1.1 Structural Strength

First, it is considered necessary to conduct various
structural strength tests to determine whether the MRJ
itself can withstand parabolic flight. As a result, the
structure may need to be strengthened if necessary.

3.1.2 Fuel system
Various tests should be conducted to determine whether

fuel and other materials can be supplied to the engine
reliably and stably during parabolic flight. As a result, it

may be necessary to modify the fuel system if necessary.

3.1.3 Drive and hydraulic systems

Various tests should be conducted on the various drive
and hydraulic systems to ensure that they function
reliably and stably during parabolic flight. As a result,
improvements may need to be made to the drive system
and hydraulic gauges, if necessary.

3.1.4 Other additional equipment, etc.

Various devices necessary for zero gravity flight need to
be added. The main devices are as follows;

- Gravity sensor

- Gravity meter (for pilot)

- Gravity display (for cabin)

- Experimental equipment to be installed
- Cushions for walls, ceilings, etc.

3.1.5 Items to be removed

Unnecessary seats and devices need to be removed in
order to perform zero gravity flight. However, if these
are not originally attached to the test plane, there is no
need to consider them. The main devices are as follows.

- Unnecessary seats (to ensure a free area)

- Luggage cabinets

- Equipment for in-flight service

- Toilets, etc.

3.2 Advantages and Disadvantages

Consider the advantages and disadvantages of using
MRIJ for zero gravity flight services.

3.2.1 Advantages
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- MRJ can be used for zero gravity flight services.

- Equipment that is no longer needed and is to be
dismantled and disposed of can be put to effective
use. If the MR is provided free of charge, the cost
of putting it into service can be significantly
reduced.

- In the case of the MU-300, which can accommodate
only three passengers, about 30 passengers can fly
in zero gravity flight at once if MRJ is used (when
MRIJ-90 is used and 2/3 of the seats are removed).
Since zero gravity flight services outside of Japan
are performed by dozens of people, this will
expand the possibilities of providing services
similar to those offered by other countries.

- Diamond Air Service, which conducts zero gravity
flights in Japan, is a subsidiary and group company
of Mitsubishi Heavy Industries and Mitsubishi
Aircraft, which are developing MRIJs, so it is easy
to transfer not only the MRI itself but also
development information, and it is also easy to
conduct tests to make it compatible with zero
gravity flight.

- Mockups and test aircraft can be used as simulators
for education and training.

- The space available in the cabin is much larger than
that of the MU-300, so several zero gravity
experiments can be conducted at the same time,
and the zero gravity experiment industry in Japan
can be revitalized.

- If the MU-300 can be registered as an experimental
aircraft in Asia, it may be possible to provide
services in Southeast Asia and other regions.

3.2.2 Disadvantages

- It will cost a lot of money to conduct various tests to
see if zero gravity flight is feasible.

- It is also expensive to reinforce the strength of the
aircraft and to modify it for zero gravity flight
services.

- Training of pilots is required.
- The aircraft is larger than the MU-300, and the
number of passengers is about 10 times larger, so

we do not know if it will be able to attract
passengers.
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- If repairs are to be made in the future, it is assumed
that a large amount of money will be required for
procurement of parts.

4. Conclusion

In order to actually use MRJ for zero gravity flight
services, there are many obstacles that must be
overcome just to make the aircraft available, conduct
various tests, and make modifications. In addition, there
is no doubt that it will cost a great deal of money.

On the other hand, there is nothing that cannot be done.

Furthermore, whether or not the project can be realized
even if it costs a large amount of money in order to
solve technical problems and cost, but also of the
business plan for operating the zero gravity flight
services, including subsequent operations, attracting
customers, and whether it can be profitable as a business.

However, it would be a disappointing to dismantle and
dispose of the MRJ, which has been developed with
nearly 1 trillion yen invested in its development.

The age of space travel is upon us, and the demand for
zero gravity flight is expected to increase in the future,
including rehearsals and experiments for space travel.
The demand for zero gravity flight will not stop in Japan,
but will spread to the rest of the world. In such an era,
the MRJ, which has been developed under the name
"Space Jet," will be put to good use, if possible, in any
way possible.
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Abstract

Japan has been developing a domestically produced passenger plane called the MRJ (Mitsubishi Regional Jet) since
2008 where 10 planes were manufactured and test-flown. However, due to the rash of development delays and the
effects of COVID-19, development has been frozen in 2020. If this situation continues, the development of MRJ may
end up completely in vain. Therefore, ASTRAX is investigating the possibility of using the MRJ in this development
stage to develop a zero gravity flight service in Japan and the rest of Asia. In this paper, while analyzing the
advantages and disadvantages of MRJ, we will present a summary of ideas and issues to approve MRJ not as a
passenger plane, but as a special plane for experiments and research to use it for zero-gravity flight services in Japan
and the rest of Asia.

FIARSD
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Keywords: Mitsubishi Regional Jet, MRJ, Mitsubishi Spacejet, MU-300, zero gravity flight, ASTRAX
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