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Abstract

The era of commercial space travel has begun, and people from all over the world can now go to space. As more and
more space travelers start to venture into space, it is easy to imagine that the need for showers and baths will increase.
However, at present, showers and baths are not installed in long-duration spacecrafts such as the International Space
Station. On the other hand, in Japan, where natural disasters such as earthquakes and typhoons are common, there are
many companies that provide water circulation showers and water reclamation systems for disaster relief. ASTRAX
is planning to develop a shower for space use by combining these technologies and products. In this paper, we will
present the development status, progress, and future plans of ASTRAX space showers.
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1. Introduction

In the past, space showers have actually been tested. On
the other hand, the International Space Station currently
in operation is not equipped with baths or showers.
People keep themselves clean by regularly wiping their
bodies with wet towels.

However, it is easy to imagine that in the coming era of
space travel, the need for baths and showers will
inevitably increase as the public goes to space to enjoy a
leisure time, and as the duration of stay in space
becomes longer. As a commercial astronaut myself, I
like baths and showers and would like to take a bath in
space as well.

In places where there is gravity, such as the Moon or
Mars, it would be possible to develop baths. However,
in a spacecraft in zero gravity, it is not realistic to build
a bathtub and fill it with hot water for soaking.
Therefore, the first step would be to develop a shower
that can be used in space.

ASTRAX, a Japanese commercial space business
company, is trying to develop a prototype space shower
by combining various technologies and products on the
ground in order to develop a full-scale practical space
shower. Before the actual prototyping and development,
we will first introduce a survey of past space showers
and the results of our study of the feasibility of a space
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shower by
technologies.

combining and applying existing

2. Examples of Past Space Showers

In the past, showers have been used on the U.S. space
station Skylab and the Russian space station, Mir. The
following is an overview of those space showers and the
conditions of their use.

Table 1. Summary of Shower on Skylab and Mir

Issue Skylab Soviet Stations Other designs Comments & Measures
SL design was intentionally limited; no
Water temperature | Long wait, poor control Long wait, technology issue. Use appropriate
interfaces & integrated heater
s.a ic i i
Water quantity No control ? Provide appeopriate allocation &
information display.
s % no great differences from ground. Ease
45 min “from start to . y
Shower time need |43 Min Tfrom sart 20 min some constraints through hygiene
s compartment design.
Vacuum 100 long?/ Unclear: toweling's major issue is humidity
Drying options acuu ngt Toweling only burden to cabin's air. Make both options
toweling i
available.
Design issue. cleaning w.
Clean-up time 30 min —toolong | 20 min - too long Too long gn issue. Use self-cleaning wall
finishes, etc.
inadequate for osign iss i ici i
Vacuuming power N Not available Design issue. Provide sufficient suction
drying margin.
Difficult water Design issue of drying process; poor stall
temperature control; procedural aspect. S.a;
Clean-up conditions | astronaut gets cold removal, dirt ispect.
offer good temperature control in hygiene
accumulation
compartment & stall.
too much water pa g P — . it o
Floating water safety Breathing hose - not Better flow control; breathing mask may
floating around used serve contingency purposes.
0 concentrated, stick
Detergents quality | 100 concentrated, stick|  op 1107 Clearly, an area for more work!
& stinks on skin
Stall temperature Cold on touch Facility design issue. S.a.
Cabin conditions Dry, no sweat (high humidity) 11 A general, obvious recommendation:
@ g 2 8! Y) operate cabin at low RH (50%).
Blower failure (water
Reliability O o water leakage
Not needed for up | Relative validity;and longer durations need

No medical need for
Need assessment -

d consideration

2.1 Showers on the U.S. Space Station Skylab

During NASA's Skylab program in 1974, the astronauts
were allowed to take a shower once a week on board.
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The shower stall was a 90-cm-diameter cylindrical
fabric shower, a hose spraying water directly onto the
body, and a fan sucking out the excess water. (Some
astronauts wore goggles and nose plugs in the shower.)

Also, it took about an hour to wipe off all the water
droplets inside after use, which was not comfortable,
and was not well received by the astronauts. After that
effort, they started to wipe themselves with a wet towel
once a day instead of taking a shower.

Fig.1. Shower in Skylab [76]
2.2 Shower on Russian Space Station, Mir

The Russian space station Mir also had a shower with
hot water coming out of the ceiling. However, it took
too long to wipe off the water droplets, so it gradually
fell into disuse and eventually became a storage space.

Like Skylab, it was not well received by the astronauts.
In addition to the difficulty of preparation and cleanup,
the showers on Mir were more difficult than
comfortable, as the humidity in the showers caused
mold to form. Russian cosmonaut Sergey Avdeyev, who
stayed on Mir for three long-duration expeditions and
stayed in space for a total of 748 days said, “I gradually
stopped using the space shower” in a speech in Japan in
2007.

Based on the experiences shown in 2.1 and 2.2, and as a
result of practical considerations, showers were not
installed on the Space Shuttle, but was developed later,
and also on the International Space Station, which is
currently in operation.

3. Investigation of existing products that could be
used as space showers

Considering the past examples of NASA and Russia
shown in Chapter 2, showering in space may be
considered impractical. This is the case for astronauts
whose priority is the mission.
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On the other hand, for space travelers, if there is a way
to solve the inconvenience, it would be better to have a
shower or bath-like device for washing the body during
long stays in space.

We investigated several simple showers for ground use
in Japan that could be applied as space showers. In
addition, we also introduce a circulating water
reclamation system to reclaim and reuse the water used
in the shower.

3.1 Japanese Simple Showers for Terrestrial Use that
may be Applicable to Space Showers

3.1.1 SANYO Human Washing Machine Ultra Sonic
Bath

One of the most talked-about exhibits at the 1970 Osaka
Expo in Japan was the “Ultra Sonic Bath,” a human
washing machine exhibited by SANYO Electric (now
Panasonic). When a person enters the capsule, which is
about 2 meters in diameter, with his or her head
uncovered, hot water showers are emitted from nozzles
at the front and rear to wash the body with bubbles
generated by ultrasonic waves.

Finally, warm air is blown over the body, and the drying
process is fully automated. During the drying process,
infrared and ultraviolet rays are used to improve blood
circulation and sterilize the body. Colorful massage
balls with protrusions move in the water to enhance the
washing effect and relax the body.

The sales price after the exhibition was approximately 8
million yen. According to Yoko Kawahara, deputy
director of the Panasonic Museum (Kadoma City, Osaka
Prefecture), “There are no exact records, but it is
reported that several units were sold”. The human
washing machine later became a hint for the
development of a nursing care bathing device. Mitsuru
Haruyama, president of a nursing care product
development company and himself afflicted with
muscular dystrophy, an intractable disease that causes
muscle weakness, and designers from the time of the
Expo who remained within Sanyo collaborated on the
development.

The product was launched in 2003 as a bathtub for
nursing care.

Later, Sanyo, which had fallen into financial difficulties,
became a subsidiary of Panasonic, and the nursing care
bathtub was no longer sold. The human washing
machine is now open to the public at the Panasonic
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Museum’s Monozukuri Ism Museum, where the

excitement of that moment is still being felt today.
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Fig. 2. The Human Washing Machine

3.1.2 AVANT Corporation “Santelban 999

AVANT Corporation, a Japanese manufacturer of
massage-related equipment and other health products,
has created a product called “Santelban 999”.

It uses robot technology to automatically wash and even
sterilize a person’s body. The user lies down inside the
machine, which applies soap and lotion to the body. It
also applies a seaweed pack, which has excellent
moisturizing properties, to take care of the skin.

The machine also has a massage function. Sound
therapy, aroma therapy, and infrared therapy are used to
heal the body's fatigue and prevent illness. Sound
therapy is a health treatment that uses sound and
vibration to influence the human senses to cure and
prevent illness. Aroma therapy is a treatment that uses
fragrances and oils extracted from herbs.

The cleaning steps of “Saintelbain 999 are as follows;

(4) Body shampoo
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Cleanse the entire body with a far-infrared & steam
sauna mist body shampoo.
(2) Washing
Hot water shower swings left and right while
spraying warm water. It also has a massaging effect.
(3) Sauna
Far infrared & steam sauna
(4) Healing
Sound therapy
Aromatherapy
(5) Seaweed pack (only for pack course)
A pack containing seaweed extract is sprayed over
the entire body
(6) Body lotion
The body is moisturized with a mist of body lotion.
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Fig. 3. Santelban 999
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3.1.3 Science Holding’s “New Human Washing
Machine (tentative name)”

This bathtub is an updated version of the “human
washing machine” described in 3.1.1, using state-of-the-
art fine bubble technology. The bathtub not only washes
the body, but also relaxes the “mind” while enjoying
beautiful images and music, providing a healing space.
Sensors measure the state of the sympathetic and
parasympathetic nerves to create the most relaxing
environment. The hope is that people in today's stressful
society will regain their physical and mental health by
making bath time more comfortable.

In cooperation with the developer of the human washing
machine (the one in 3.1.1) that was exhibited at the
1970 Expo and a laboratory at Osaka University, they
also plan to develop a bath that can be used for bathing
in space.

E§Rt YTV 2
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Fig.4. New human washing machine

3.2 Other idea

Although it is not a shower, one of the spa facilities in
the space hotels owned by private companies, has an
idea of a space pool.

As shown in the figure 5, the wearer wears underwater
glasses that cover up to the nose and jumps around in a
sphere along with a ball of water to wet his/her body
with  water. Therefore, it is thought that by

simultaneously washing the body with a jet of foam, dirt
and grease on the body can be removed to some extent.
Once the dirty water is removed, water is again added
for rinsing, where the rinsing part is considered to be
similar as taking a bath.

Fig. 5. Space pool

[

3.3 Circulating Water Reclamation System “WOTA”

The equipment shown in 3.1 and 3.2 would require a
large amount of water. However, since water is limited
and very expensive in space, it is undesirable to
consume large amounts of water for showers. Therefore,
we would like to use a Japanese circulating water
reclamation system to completely reuse the water used
for space showers. This paper introduces the WOTA
BOX by WOTA Inc.
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The water quality of water regenerated by WOTA BOX
is a system that uses Al, sensors, and filters to
continuously purify and supply water. 100 liters of
water can be used repeatedly by 100 people for showers
by maintaining the water regeneration process at WHO
(World Health Organization) standards of cleanliness.
The system saves approximately 98% of water
compared to an ordinary shower.

Sensors evaluate filter performance in real time by
comparing water quality before and after passing
through the filter as well as water contamination. This
information is then fed back to the machine for optimal
control to meet target water quality standards and cost
efficiency.

A shower typically uses about 50 liters of water per
person; 100 people would require 5,000 liters of water,
but the WOTA BOX uses 100 liters of water repeatedly,
requiring only 2% of the normal amount of water. In
other words, 98% of water can be saved, and 100 people
can use the amount of water in a WOTA BOX, whereas
there will only be enough water for two people in a
normal shower. WOTA BOX can be used in areas
where water has been cut off, such as in disaster-
stricken areas, and it is energy-efficient enough to run
on small generators or storage batteries, making it easy
to take a shower even in areas where electricity has been
cut off.

The wastewater from the showers is first removed from
large debris in a trash pocket like those found in
washing machines, and then passed through six filters,
including an activated carbon membrane and reverse
osmosis (RO) membrane, to remove 99.9999% of trash,
soap components, bacteria, viruses, metal ions, and
other debris.

For example, viruses are about 100 nanometers in size,
but the pores in RO membranes are about 1 to 2
nanometers in size, meaning almost all viruses can be
removed.

It also irradiates ultraviolet light and uses chlorine to
disinfect and sterilize the water. The treated water meets
WHO water quality standards and is safe to drink.
However, the water is not intended for drinking, as
drinking it would reduce the amount of water used for
circulation.
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Fig.6. WOTA BOX (Top) and WOTA BOX
purification flow (Bottom)

4. Results

As shown above, many simple shower systems and
circulating water reclamation systems have been
developed and used in Japan, with some of them likely
to be applicable in space.
However, this is not a complete survey, and further
research will be required.

5. Discussion

It is apparent that the installation and improvement of
these devices must be verified to see if they can actually
be used in the space environment. At the same time, it
will also be necessary to examine from the user side
whether the showers meet the needs of those who will
actually use them. As discussed in Chapter 2, if the
actual use is inconvenient or uncomfortable, users may
end up preferring to wipe themselves with a towel.

What is important is not to spend a large amount of
money on a single development project for space use,
but to use (or combine) existing products and
technologies, and to make improvements while
obtaining feedback from the user perspective on a
regular basis. To this end, ASTRAX intends to conduct

the following experiments and verifications in the future.

- ASTRAX spacecraft education and training
simulator

- Test at the ASTRAX LUNAR CITY simulation
facility
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- Use in conjunction with disaster prevention
measures, leisure campsites, etc.

- Repeated improvements based on the results of
actual use

- Demonstration tests in zero gravity flight

- Comparison of water reclamation by filter and
distillation

- Study on integration of space toilet and space
shower (or integration of partial functions)

- Demonstration tests in space

- Practical application in actual space travel

6. Conclusion

ASTRAX is developing various space products and
services for the coming era of space travel by applying
existing technologies, products, and services, rather than
basically developing from scratch. Similarly, we would
like to develop this space shower by successfully
connecting existing technologies so that we can create
and provide services that are fast, inexpensive, and easy
to use.

In addition, we believe it is important to proceed with
the development of space showers in parallel, assuming
that they will be used not only in space, but also on the
ground. In particular, since there is affinity in the
elements that need to be considered for use in space and
use in disaster-stricken areas, we believe that
development should be carried out while keeping both
in mind, so that products that can be used in each, will
be created. Thereby increasing efficiency.

Along with the development of “Space Benking” shown
in the paper on “space toilets” which will be presented
simultaneously with this paper at the International
Space Conference 2022 in Paris in 2022 [56], we will
continue our study for the development of “space
showesr” in the future.
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Abstract

The era of commercial space travel has begun, and people from all over the world can now go to space. As more and
more space travelers start to venture into space, it is easy to imagine that the need for showers and baths will increase.
However, at present, showers and baths are not installed in long-duration spacecrafts such as the International Space
Station. On the other hand, in Japan, where natural disasters such as earthquakes and typhoons are common, there are
many companies that provide water circulation showers and water reclamation systems for disaster relief. ASTRAX
is planning to develop a shower for space use by combining these technologies and products. In this paper, we will
present the development status, progress, and future plans of ASTRAX space showers.
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