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On-orbit experiment of High-precision beam control using
small SAtellite for MicrowAve power transmission
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Background (1)

The concept of the Solar Power Satellite (SPS) was proposed by Peter
Glaser in 1968.

SPS has been studied and developed in Japan since the 1980s. The
conceptual study of SPS2000 conducted mainly at ISAS in the late 1980s 1s
one of the most famous studies and 1s highly evaluated for its high
feasibility. In the 2000s, the National Space Development Agency of Japan
(currently JAXA) and the Ministry of Economy, Trade and Industry
conducted a conceptual design of a future practical SPS.

The Basic Plan on Space Policy determined by the Strategic Headquarters
for Space Policy in 2009, and revised 2015, 2020 and 2023. SPS is
mentioned as one of the important items. Space demonstration experiment
by microwaves at LEO by 2025 was mentioned.

Since 2019, the Ministry of Economy, Trade and Industry (METTI) has been
conducting a solar power satellite development project for future practical
use.
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Typical SPS Concept

Glaser, P.E.

Solar Power Satellite

Non-ﬁoncentrator Concentrator
|

| | | | |
Bus Power Distributed Power Bus Power Distributed Power Laser Direct
- ' Excitation
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NASA Reference Model USEF Tether SSPS  VASA Sun Tower

JAXA L-SSPS

CASSIOPeiA(UK)

Designed in Japan

MR-SPS(China)  NEDO Grand Design JAXA M-SSPS _
SPS-alpha (US)
SPS-omega (China) = — %



DOE/NASA Reference Designed in end of 70’s

Famous Classic Model of SPS

Output Power : 5 GW
Weight : 50,000 tons
Size : 5km x 10km x 0.5 km

Diameter of Transmitting
Antenna: 1km

_ GEOSYNCHRONOQUS
~~ ORBIT (24-HR PERIOD)

They aimed to supply all electricity of the United
States with 60 satellites.
However, this was too large a plan for the time.

Solar Power Satellite System Definition Study
D180-25037-1



DOE/NASA Reference System
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Figure 3. Basic SPS Reference System Characteristics

Final Proceedings DOE/NASA Solar Power Satellite Program Review



Problems to be solved toward SPS

Power generation Technologies

— Large scale Power Generation in the Space
environment

— Power management, Distribution and Control
Wireless Power transmission Technologies
Construction and Control Large Scale structure
Space Environment (Radiation and Debris, etc.)

Low cost & mass space transportation
Others
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Recent 1 GW Class SPS Concept
in JAPAN

Mass: several tens of thousands of tons. Size: ~several kms

Tethered SPS (Jspacesystems)
Microwave power transmission system:
2.5 km x 2.37 km, t:several cm (thickness)
Non—sun tracking power generation system
Gravity gradient stabilizing system using tether
(5—-10km)

Multi bus system
Total mass : 26,500 tons
Simple but low power efficiency (64%)

M-SSPS (JAXA model)

Microwave power transmission system :
® 1.93km

Sun tracking power generation system :
® 1.25km

Concentrating ratio : 4 times

Total mass :10,000 tons

Complex but high power efficiency



* SSPS 2006 model (System to be realized by road map 2016)

Baseline Concept (2001) Growing Tethered SSPS Concept (2006)

SSPS Basic Unit Growing Tethered SSPS
with multiple SSPS Units

Satellite Bus
(10me x 15

RRLRTF L
-

4 Satellite Bus - " = -
-

Tether X 675
10 km

210 b

//

- iﬁ?oj(.)& SSPS System (2.5km x 2.3km)

2358 .

Sub-Array 4x4Antenna (0.125mx0.125m)

120 Anteonafor ransmision ® Transmitingrecp Stabilization:
5L et 4t Gravity Gradient
. Sandwich panel:

______ Solar cells on both
P dunnnn sides, Antenna on earth
' side. Retrodirective
system.

Unit (100mx95m) (500mx475m) (2500mx2375m)}

2
4kg/m¢,  55W/kg © 2019 JAPAN SPACE SYSTEMS
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WPT demonstration by JAXA & J-spacesystems

J-spacesystemsand JAXA developed the WPT demonstration system on the ground

from 2009 to 2014.
Demonstration was successfully performed in March 2015 and 2019.

Payload of Drone
(Rectenna, pilot signal tx)

30-mm displacement | 5 y
between upper - = 7 ‘_Pow""er receiving Rectenna or sensor

two panels and ]
lower two panels 7 e \\\S\Lﬁsysiem

—Simulate the deformation
of a huge antenna plane used
on a large-scale SSPS
(*See the following website)

Transmitter

AV 4 Pilot signal antenna
for beam control.

2015 WPT experiment for horisontal Direction

2019 WPT Experiment for vertical direction

(from ground to the drone)
14
© 2019 JAPAN SPACE SYSTEMS



Background (2)
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The 1mage of typical the power supply system
around the year 2040

: : o 1 Moon orbiting SSPS
The consideration of the specific AT :
/ T
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This slide shows a conceptual study of a moon power generation system conducted
by MRI and J-spacesystems as a project commissioned by the Ministry of Economy,
Trade and Industry in 2022.



SPS for the Moon

Energy supply by constellation operation from lunar orbit

* In Lunar environments, high frequencies and
large beam control angles will be required.

—> Electron tube devices
—>Solid state devices

 Beam control technology is a common and
important issue for both the Earth and the
Moon.

<€ >
asEL,, A5 ~1 §°
4. 2km I
- Rectenna
“—> @ 1km

6. 6km
Shackleton crater Rectenna




Block diagram of a system for transmitting
energy from orbit.

/&gment on the orbit

WPT System

~

Beam
Control
System

power
amplifi
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\ Satellite Bus

Segment on the ground or

the Moon
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Power receiving
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WPT Demonstrations in Japan

« 2026

1983

1992

1993

1995
2006

2015
2019

MINIX (JAPAN) -Sounding Rocket Experiment-

Interaction between microwave and ionosphere

MILAX Project : The model aircraft was powered by a phased array
antenna.

ISY-METS(JAPAN) -Sounding Rocket Experiment-

A rocket experiment of the first microwave energy transmission
experiments in the ionosphere

ETHER: Energy Transmission toward High altitude airship ExpeRiment
Retro-Directive Demonstration Experiment (JAPAN)

— Sounding Rocket Experiment-

Microwave beam control

WPT experiment on ground (JAPAN)

WPT Experiment for vertical direction

(from ground to the drone):JAPAN
2024  Long-distance WPT using Aircraft

PT experiment using small satellite “OHISAMA” project
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Sounding Rocket Experiment for WPT
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https://www.seradata.com/2022-launch-year-china-vies-with-spacex-for-supremacy-with-yet-another-orbital-launch-record-for-both-rockets-and-satellites/
https://www.seradata.com/2022-launch-year-china-vies-with-spacex-for-supremacy-with-yet-another-orbital-launch-record-for-both-rockets-and-satellites/
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Experimental Configurations

Mode A Mode B
Satellite
[1] —>
Transmitting . . i ity 7.5k
oo Orbital Velocity ——> Orbital velocity 7.5km/s
7.5km/s
©
Ll
Microwave E‘g '
Beam Y o
=
M jé Microwave Beam
=
©
|_

ﬂ In the direction of forward

movement
To Ground

in the direction of the ground

Mode C

Satellite

B
Transmitting
Antenna l Microwave

Beam

Observation
probe

In the direction of
the probe



(1) Evaluation of a modular structure of phased array antenna
systems
(Integrated structure of solar array and transmission antenna )

Solar Array
_
control XNy
N | | —wwe— || unit o |,
O B g
«e© - m  omm ‘~
0 [ L ~J X -
. \(\‘ < 3 F=
QO #==. Connector  Phase control/
Antennas power amplification

Concept of power
transmission panel

structure integrating solar
array and antenna

Deployable panel with modular
structure with power generation
and transmission functions

launch configuration



(2) Verification of long-distance beam control technology

(3) Transmission Power Evaluation

mEY A ILEER BEHER
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Beam Control Experiments

Power Sig.

—— Pilot Sig.

Experiment Satellite Experiment Satellite
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(4)Demonstration of WPT between flying objects

Microwaves radiated from the satellite are received by a rectenna
mounted on the observation probe at a distance of about 5m to
50m from the satellite.

Distance
5~50m Impedance
probe

Plasma wave
analyzer

Langmuir probe

Syl AU BRI RERRER

Rectenna



(5)Environmental measurement under high power microwave
irradiation

During microwave radiation, the ambient plasma environment is
measured by environmental measurement instruments mounted on the
satellite and observation probe.

The measurement parameters are electron temperature, electron
density, and excitation waves.

—>
Velocity : 7.5km/s A

Antennas for environmental
measurement instruments

\\
S
~

A
1

Antennas for the measurement #r
ﬂ of the plasma density and {

exited waves
Ground

Antennas for environmental measurement
instruments equipped with observation probes



Schedule of Mission Instruments for
OHISAMA Project

2022 Conceptual Design/Test model Manufacture

2023 Pre/Crit. Design/Procurement Test Manufacture.
The critical design phase is completed.
Test models and EMs have been manufactured and
various tests have been conducted.

2024 FM Manufacture & Test

2025 FM Manufacture & Test

Unit tests (Electrical, Mechanical, Thermal test)

System Integration

2026 Launch & operation



Summary

In Japan, research and development of Solar Power Satellite
(SPS) has been conducted since the 1980s.

SPS was mentioned in the basic plan on space policy, and
SPS experiment in LEO using microwaves by 2025 was
stated.

R&D scenario toward practical SSPS by METI is ongoing.
Jspacesystems is conducting.

Space demonstrations of WPT from orbit using small

satellites, which J-spacesystems is conducting in
collaboration with ISAS/JAXA and university researchers,

have been started.

The basic and critical design phases are almost complete,
and PFM manufacturing will begin this fiscal year.



Thank you !

This work for “OHISAMA" project is performed under the contract and supervision
of the Ministry of Economy, Trade and Industry(METI) and Jspacesystems.

OHISAMA

This is a drawing by
Mr. Simon.
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