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The Himawari solar lighting system

comfortably brightens your daily life.
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TECHNOLOGY

The technologies that enable the Himawari system
to develop the possible uses of sunlight in your life

Irradiance

m Sunlight collection at maximum efficiency with a system—
lens focusing + optical fiber transmission

Acrylic dome -

Optical sensor for ---

The Himawari system consists of a lens focusing unit and optical fiber devices. Its outdoor collector
can collect sunlight always at maximum efficiency and transmit it through optical fibers to anywhere
you want. Unlike conventional solar lighting systems which use skylights and mirrors, stable
daylighting is possible all day long without suffering constraints imposed by room location, window

orientation, and solar altitude.

m Automatic tracking system to accurately detect sunbeams

use in detecting
solar position

Control unit

In order to accurately track the sun as it continuously changes its posi-
tion from sunrise to sunset, Himawari is equipped with an automatic
tracking system. A solar sensor and clock mechanism control the
movement of the light-focusing lens so that it is always accurately
aimed at the sun. Even when clouds block out the sun, the system can
track the movement of the sun by calculating the trajectory and
respond speedily to changes in the weather.

m It’s ultraviolet-free light,
so it’s gentle on the eyes and the skin

-High-quality sunlight is what the Himawari system provides. The
tone of the light is natural and gentle on the eyes, qualities that
cannot be reproduced by any artificial illumination.

By using the acrylic dome covering the lenses and chromatic aberra-
tion through single lens focusing,the sun’s UV can be eliminated.
Therefore, the light consists predominantly of visible rays, a kind of
light that is best suited for promoting photosynthesis in plants.

-Since the Himawari system screens out ultraviolet rays, it protects
furniture and carpets from color fading.

Quality of sunlight and himawari light

%0 Direct sunlight

= Light obtained by the
Himawari system
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m High-purity optical fiber,
enabling free transmission of sunlight

Collected sunlight "
passes through Collector - \Qunlgt

quartz-glass optical

fibers which transmit Ledestal =
visible ray-dominated
sunlight. Optical
[
fibers are so thin and . —
. Optical fiber ...
flexible that they can cable

freely transmit light

to rooms in any build- Tlluminator ---------- T

ing, whether old or
new.

m Energy saving,
and what’s more,maintenance-free

-The running cost of the Himawari system is approximately 1 yen a
day when equipped with a twelve-lens collector.

‘Once the Himawari
Comparision on energy saving  power

consumption

system is installed, it

operates automatically — 70.0W
without any need for 653 i
manual operation. Since 522 — 50.0W

the precision collector is B

covered with an acrylic - 30.0W
dome, the daylighting is 140 .
stable over a long dura- ’ - 10.0W
i d free f) h 05

tion, and free from the Tueelars 100 oo o

0 imawari uorescent incandescent halogen lamp,
effects of rain and dust. system Jamp amp

(per 1000 Im)



EXAMPLE

From houses to condominiums, offices, and public spaces, the Himawari system is used in a wide variety of places.
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From now on, Sunlight brings comfort. Friendly to the global environment,
all your rooms have a southern exposure. Gentle light improves office environment. sunlight is best for lighting public spaces.
Living rooms become sunny.
Sunlight issues raised in the center of a city will be How would you like to improve your working environment The Himawari system is used for public space such as underground passages,
immediately resolved with the Himawari system. by exposing your office to sunlight? sculptures built in underground open spaces, and parking areas.
You can lead a sunlit life by lighting up living rooms, This is a system best suited not only for offices, but also for elevator halls, This is a maintenance-free system that enables you
north-facing rooms, and basements, which sunlight cannot reach, as well as the lobbies, aquaria, and planted areas. to feel safe in the knowledge that you are saving both energy and costs.
kitchen and the lavatory which often tend Optical fibers make the Himawari system effective in any type of buildings.

to be in dark areas.

4 5 4 5 4 5

1. Living room 1. Office room (underground) 1. Arch of rainbow

2. Kitchen 2. Elevator hall 2. Underwater illumination
3. Bedroom 3. Aquarium in a lobby 3. Sculpture
4. Basement 4. Wall surface of a passage 4. Underground public space

5. Lavatory 5. Patio (court) 5. Planted object



ESA,SOMMIT - Lunar Habitat 2020

ONE MOON

A single unit offers a net habitable volume of up to 390 m3 (13,773 ft3) and
habitablc arca of up to 104 m2 (1,120 ft2). To maximize the function of central
spaces and frea from structural obstructions, mechanical systems are locat-
&d within the compaosite 1oor assembly with payload rack units located at the
peﬂlﬂe'el', agamst the shell wallis | he envimnmeantal pmtec?lm mncluces 3

STRUCTURAL STEEL BULKHEAD

multi-layer assembly. with the structural mesh woven directly Iinto the
columns o increase resistance under tension. The inner wall layer is designed
to function with the life support system - composed of water and other
hydrogen rich materiala as a form of passive radiation shielding. This solution
allowe for better control of interior ambient lighting conditione, efficient air
movement and recycling, £3sy communication and visibility, and seamless
physical mobality.

STRUCTURAL STEEL COLUMN

NEPILNOYARIF FIOOR SYSTFM

DEPLOYABLE BEAMS

MECHANICAL ACCCSS PANEL

COMPOSITE FLOOR PANFES

ACCESS LADDER

STRUCTURAL WINDOWS

STEEL STRUCTURAL BASE

Windows

Crew Systems - Living Stations

Personal Storage Systems Monitoring & Control Perimeter Lighting System —
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From “Pantheon habitat made from regolith with a focusing solar reflector”
by Nick Wolf and Roger Angel (Steward Observatory, University of Arizona, USA)
https://ui.adsabs.harvard.edu/abs/202 TRSPTA.37900142W/abstract
The density of regolith is approximately 1.7 and of cast blocks 3.0. Supposing an atmospheric

pressure of 70 kPa (following Ruess) and allowing for the reduced gravity on the Moon, 1/6 that

of Earth, a minimum thickness of 25 m of regolith or 15m of the denser cast blocks is needed.
From “Structure Design of a Lunar Habitat”
by F. Ruess, J. Schaenzlin, and H. Benaroya
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.503.9275&rep=rep 1 &type=pdf

The habitat module pressure and the pressure used in space R 70kPa®WE®T}T£H§@T§}M<‘: L

suits for EVA influence one another. EVA productivity increases " ’ TR
with the use of lower pressures because the gloves become more [ Structure Design of a Lunar Habitat"h*

flexible (Elrod 1995). At the same time, low pressures increase g UEH énTL\éo

the ﬁ;e hazard, and lIower voice (';ml;il collkllgh mecilz;lni;T leffective— 7?;57,:.3(\: b—(ﬂﬁgc:;r%@gﬁ@ggﬁi\}fgigokpa Airtigh‘t seal:
ness for astronauts. It is assumed that the actual habitat pressure L E}-@%/\}— - .
U R EIL16kPaTtHh s,

will be around 69 kPa (10 psi; 42,600 kg/m?).
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ZHUENASA CR-2004-208941"Advanced
Life Support

Baseline Values and Assumptions Docu-
ment’[CERIBZHERT T 5B L TEER D
[£(318.0~23.1kPa. £E(348.0~102.7kPa
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Regolith as weight against
outwards atmospheric
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Corbelled regolith block

: 70kPa

%I BRGLR,

AEHEICHWNTLTYZDESZ20mICER 0.1mm thick mylar (plastic sheet)
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https://ui.adsabs.harvard.edu/abs/2021RSPTA.37900142W/abstract
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.503.9275&rep=rep1&type=pdf
https://core.ac.uk/download/pdf/4947189.pdf
https://core.ac.uk/download/pdf/4947189.pdf

Analysis of

Pantheon habitat made from regolith,
with a focusing solar reflector

Nick Wolf and Roger Angel

Steward Observatory, University of Arizona, USA
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Pantheon, Rome (126 AD)
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Existing problems

- High cost of transport (to bring resources from Earth to Moon)

- Requirement of advanced material processing

Proposal of this project

- Using In-situ resources

- Minimal manufacturing process (primitive constitution method)

- Building food supply facility



Key Structure Concept

This project adopts one of the most primitive structure systems older than voussoir arch

II.,
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Example of Corbelled dome

Treasury of Atreus (1250 BC) Corbelled Arch
3000 B.C.



Key Structure Concept

Not relying on advanced fabric technology

Vacuum

Thick material with very high tensile strength

\

1SS BEAM .

Regolith for meteoroid and solar radiation
B 1000Q0N / m?
Atmospheric pressu
(1TO0kPa)

Multi-layered fabric

Various lunar habitat project based on inflatable membrane technology

But this project to be away from advanced fabric
technology due to limitation of rocket payload



Key Structure Concept

Not relying on advanced fabric technology

Airtight seal:
0.1mm thick mylar (plastic sheet)

Atmospheric pressure
(69kPa)

Reason:
Productivity of extravehicular activity
increases with the use of lower pressure

because the gloves become more flexi-
ble.

70QO0ON / m?

Ainospheric pressure
:70
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Construction Sequence 1

- Transport a solar concentrator with 50m diameter

- Produce regolith block by solar sintering (melting method)

- Production process will take 3 years

Location: Lunar pole

Deposit of water & volatiles
Permanganate solar illuminations

Light weight mirror system brought from Earth

1 Al bk l!.ni.'l:'r PRSI SINLY W e Sy S
Honeycomb backed mirror panel

‘,- ‘L P el T ..
Carbon fibre structure frame




Construction Sequence 2

- Find bedrock
- Excavate bedrock and make surface good to start piling up regolith block

- The pit to be sealed against air leakage

Lunar digger




Construction Sequence 3

- Living quarters built with vaulted celling

Regolith block




Construction Sequence 4

- Entrance tunnel and airlock built

J/ 20m

: /
Regpolitn v Regolith block




Construction Sequence b

- Pressure window installed on the top of the cone roof

Window flange to resist outwards air pressure

i =

Pressure window to be set

(1.3m fused quartz pressure window)
(Considering degradation issue under radiation)




Construction Sequence 6

- 2bm tall light path built

Airtight seal:
0.Tmm thick mylar (plastic sheet)

2bm

Spiral route for mining vehicle
carrying up regolith




Construction Sequence 7/

- Light pipe installed (1.3m diameter)

- Light pipe with dielectric coated mirror
(fused silica fibre will be too heavy (73 tons))

1.3m




Construction Sequence 8

- Solar concentrator 50m diameter installed

- Mirror with multilayer dielectric coating will reflect only
the wavelength range 450nm - 600 nm and reject the remaining
spectrum (eliminate solar radiation)

The Electromagnetic Spectrum
Wavelength in Melers
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Azimuth bearing (follow solar movement)

Construction Sequence 9

- Installing airtight seal all over the cone ceiling
- Planting trees
- 2000 m? floor area (1st floor) for crops feeding 40 or more people

- 2000 m?2 floor area (Ground floor) for Living quarters

Scale comparison with 3D printed ESA Lunar Habitat
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The Electromagnetic Spectrum
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Necessary thickness of regolith wall as radiation shield

Radiation:

A shield to protect against radiation exposure in a lunar habitat must reduce crew
exposure levels from lunar radiation sources (GCR & Solar) to acceptable levels. A
layer/shield of regolith accomplishes this reduction by increasing the mass/material
a radiation source must traverse to reach the crew. The more material a radiation
source passes through the more its radiation energies are reduced or stopped by its
particles interacting with the material. Specifically, solar wind particles have such
low energies (keV) that they are stopped in less than a micrometer of regolith while
solar event particles will pass through ~50-100 centimeters of regolith before being
significantly mitigated (See Figure 4). In addition, heavy nuclei GCR particles are
stopped by ~10 centimeters of regolith while all other GCR (GeV) particles are
stopped by 1OOOg/cm3 of material which equates to 5 meters of lunar regolith
(2g/cm?) or the Earth’s atmosphere [Heiken 1991]. However since NASA'’s current
acceptable limit for radiation exposure is 25 rem/month not zero, less than 5 meters
of regolith shielding (i.e., 10cma.. - Standard Space Vehicle Shielding = 13CMyegoiith ) WoUld
be acceptable GCR protection. Therefore based on the maximum protection
required, as described above, 1-2 meters of regolith appears to be adequate for
effective shielding of a lunar habitat to avoid radiation sickness in the crew
[Silberberg 1988].

Nancy J. Lindsey,

International Lunar Conference 2003
Reference:

[Silberberg 1985]Silberberg, R. et al, "Radiation Transport of Cosmic
Ray Nuclelin Lunar

Material and Radiation Doses,” Lunar Bases and Space Activities of the
21st Century, NASA

Symposium Publication (Houston, Texas: Lunar and Planetary Institute,
1985).

Note:
25 rem=250mSv

1-2m thick regolith wall not to exceed 250 mSV a month

kind of lunar surface habitat will have to be protected from three
different kinds of ionizing radiation in space: Solar wind, solar
cosmic rays, and galactic cosmic radiation.

Meteoroids are naturally occurring small solid bodies traveling

through space at very high speeds.

Most likely, a layer of compacted regolith will be placed atop
the structure for protection against all of those hazards. It pro-
vides shielding against most micrometeoroid impacts because the
relatively dense and heavy regolith absorbs the kinetic energy. It

appears that at least 2.5 m of regolith cover would be required to
keeB the annual dose of radiation at 5 rem, which is the allowable

level for radiation workers. In addition, it greatly reduces the

. S O lEgUlllIl IS
about 1.7 g/cm® With an assumed regolith cover of 3 m, the
resulting dead load on the structure will be 5,100 kg/m?.

Other shielding concepts include passive bulk shielding with
material other than regolith, electromagnetic shielding, electro-
static shielding, and chemical radioprotection.

Vacuum

A hard vacuum surrounds the Moon. This will preclude the use of
certain materials that may not be stable if exposed under such
conditions. Outgassing materials and structures, e.g., hydraulic
systems, have to be avoided. A lunar structure will not be sub-
jected to any kind of wind loads.

Dust

The lunar surface has a layer of fine particles that is easily dis-
turbed and placed into suspension. These particles cling to all
surfaces, are highly abrasive, and pose serious challenges in the
utility of construction equipment and the operation and mainte-
nance of airlocks (Benaroya and Ettouney 1992a,b).

Moonquakes

There is little or no seismic activity on the Moon. Therefore, lunar
structural design will not include earthquakelike loads.

Temperature

Temperatures on the lunar surface rapidly change from approxi-
mately 100 to —150°C in the transition between day and night,
which occurs in roughly two-week cycles.

Structural Requirements

Building a structure on the Moon results in many different and
additional requirements that have to be fulfilled by the structure.

Structural Adequacy

The structure must sustain all dead and live loads with an accept-
able degree of safety. A minimum of structural material is desired.
The use of lightweight high stiffness to weight ratio materials is
necessary.

Material Properties

Properties for lunar construction materials should include high
strength, ductility, durability, stiffness, and tear and puncture re-
sistance, together with low thermal expansion. The stability of
these mechanical properties and low leakage are important.

Ruess F 2006

Structural design of a lunar habitat

JOURNAL OF AEROSPACE ENGINEERING © ASCE / JULY 2006 / 135

Note:

5rem =50mSv

Thisisa1/5 of the allowance
defined by NASA and ESA

2.5m thick regolith wall not
to exceed 50 mSV a year



Table 3: Radiation penetration and exposure limits.

\ Moon Village
& e S a CDF Study Report: CDF-202(A) — Issue 1.1

September 2020

Depth of Radiation Penetration and Exposure Limits page 127 of 185

for Astronauts and the General Public (in mSv)

the ground floor of the habitat. This approach will give a slight overestimation of the

Blood Forming Organs Eyes Skin GCRs dose due to the fact that the crew do not spend the whole year in the top floor of
(5 cm depth) (0.3 cm depth) (0.01 cm depth) the habitat. However, in this study EVAs, which would provide an increased dose rate,

have not been considered. BFO: Blood Forming Organ

1,000 1,500 . . PSREIR B TUUUSUUUNI IR IPURE TR PO TSR TR 1
Astronauts 2,000 3,000
Career 1,000-4,000 4,000 6,000 time loss can be expected to be more than 10 years, as reported in Table 10-2. A safer
and recommended shielding configuration is therefore more in line with what is
General Public Annual 1 1,500 50 proposed in Configuration 3.
Configuration 1:
Simulations on Configuration 1 are performed on the habitat model without any
additional shielding. Row 1 Table 10-5 shows that the BFO average dose, of 720 mSv, at
Table 3 compares the specific exposure limits between the the ground floor during this SPE far exceeds the yearly BFO dose limits stated by ESA,
, Table 10-1, even without taking the radiation dose due to the GCRs into account. The
Table 4: Missions and radiation dose. general public and astronauts. Astronauts who spend three

total annual BFO average dose equivalent of 994 mSv is close to the total career dose of
Mission Type | Radiation Dose months in the ISS will be subjected to over three times the 1000 mSy for ESA astronauts, see Table 10-1. Even when considering the BFO Average

. . . dose equivalent from the Oct 1989 SPE, of 241 mSv, the annual total dose still exceeds
Space Shuttle Mission 41-C 5.59 mSv maximum recommended dosage of radiation for one year. the 500 mSv/year limit. From these simulation results, it can be concluded that the

(8-day mission orbiting the Earth at 460 km) habitat needs additional radiation shielding.
Apollo 14 114 55 Table 4 compares and contrasts various missions and their The difference between the estimated BFO average dose equivalent, in Table 10-5, due
{9-day mission to the Moon) ' durations with the observed radiation dose. to GCRs at the ground floor, of 225 mSv/year, and the top floor, of 274 mSv/year, shows
— the additional shielding that is due to the material, such as storage, which is located in
(87-day mission orbiting the Earth at 473 km) dala Crews aboard the Space Station receive an average of 80 mSv g;(e)uf é)léré(érﬂoor and the additional shielding that the upper floors provides for the
ISS Mission 160 mSy for a six-month stay at solar maximum (the time period with the The simulation results from configuration 1 clearly show that additional radiation
(up to 6 months orbiting Earth at 353 km) maximum number of sunspots and a maximum solar magnetic shielding is needed. Using additional habitat material, such as extra layers of inflatables,
: Y7 . . . water, or lunar regolith, could solve the issue. The disadvantage of adding additional
Eobmatod Biama slesion (3 youns) e field to deflect the particles) and an average of 160 mSv for a six- fabric layers is the additional launch mass, costs, and risks. It is therefore recommended

month stay at solar minimum (the period with the minimum to use the materials already present on the Moon, such as the lunar regolith or rocks, to
shield the habitat. For this study, it has not been assumed that any larger amounts of
water are available for extraction from the Moon and the water used for the radiation
shielding has to been launched from Earth. The water that would be needed for the life

number of sunspots and a minimum solar magnetic field).

o4 support of the crew could be stored in a tank located in the roof of the habitat or the

shelter and hence act as additional radiation shielding. The amount of water needed for

NASA the minimum shielding, around 8 tons for configuration 2, has been chosen in order to
Space Radiation ebook be in agreement with the amount needed for life support, see Chapter Life Support.

Configuration 2:

R S The minimum shielding required to stay below the BFO average dose equivalent limits
Ra d | aJU on @XD osure ‘ 188 |J[ f@ a St rona UJ[S of 500 mSv/year and 250 mSv/30 days are listed in Table 10-3. For the surfaces covered

by the inflatables a minimum of 2 cm of sintered lunar regolith or 4 cm of loose regolith,
is needed. With this amount of shielding the BFO average dose equivalent from GCRs in

250 m SV ( 30 dayS) the top floor of the habitat will reach 248 mSv/year, see Table 10-3 column 3. The

500 mSyv (a year)

ESA Concurrent Design Facility Report (September 2020)
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