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Activities on SPS in Japan

Basic Plan on Space Policy

was designed in 2009, revised in 2015, 2020.
SPS is one of programs to pursue the potential of the future
development and utilization of space.

Stardust Program ( the Strategic

Programs for Accelerating Research,
Development and Utilization of Space

Technology)
\ Ministry of Education, i » Ministry of Economy, Trade
i Culture, Sports, Science i and Industry:METI !
\ and Technology:MEXT e
___________ 1_5115&\_,{5:;"“"_" Supervise l

: - JAXA
Basic research Basic research commissioned
Research & development business/project

Project planning

SSPSS : Space Solar Power System Society




Basic Plan on Space Policy

 The Basic Plan on Space Policy determined by the Strategic
Headquarters for Space Policy in 2009, and revised 2015 and 2020.

e SSPS is mentioned as one of the important items.

* May 20, 2022

Priority items for revision of the process chart of the basic plan
on space policy

—>Space demonstration experiment by microwaves at LEO by
2025 was mentioned.



R&D Activities in JAXA

Conceptual Study

Conceptual study was performed by JAXA in
the 2000s. Studies on power generation,
WPT, large structure were conducted.

The system consists of two reflecting mirrors
as a solar battery, and a microwave
transmission device.

WPT bV Microwave Advanced Microwave-type Model (JAXA/MEXT)

Before an Practical SSPS is constructed in space, technological demonstrations
should be conducted in both space and on the ground. JAXA has been conducting
ground demonstrations of technologies for microwave wireless transmission,
wireless power transmission by laser, and the assembly of large-scale structures.

WPT by Laser
Lase WPT is superior for space applications. A lunar rover is one of the target
applications.

On-orbit Demonstration for large scale structure
A space experiment is being prepared for the demonstration of large scale
structures using HTV-X.




JAXA's Activities

Roadmap for M-SSPS

Transmitting Space Solar Power Systems (M-SSPS)
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(LogPIdt) To demonstrate SSP.
1GW N
100MW —
10MW —
TIMW —-
MPT demonstration for . — =
High-Precisian Beam HIgh-PIECISIOﬂ & Iong'dlstance
100kw —+ Pointing microwave beam pointing
g
10kW —-
1KW —-
100W —1-
3
1ow —+ £88
| W = P _ o
! . > Transmitting

(LogPlot)



JAXA's Activities

Previous Ground Demonstration of
Microwave Wireless Power Transmission

€ Evaluation test of Beam-Pointing Control Precision with kW-class
high-power microwave power Transfer

Success Criteria : Beam-Pointing Control Precision not exceeding 0.5degree(RMS)
with Transmitting Distance over 10meter

B Transmitting Subsystem Monitor Antenna X=Y Scanner

Pilot Signal
Transmitting Antenna

Pilot Signal Receiving
Antenna

Power Receiving Side

< The simulation of huge antenna panel deformation by thermal
distortion and gravity gradient torque in space (example)

Beam Pointing Control Precision

Measured : 0.15degree (RMS)




JAXA's Activities

Previous Ground Demonstration of
Microwave Wireless Power Transmission

The improving of test condition is not so good as that ditection of pilot signal arrival
direction opreate correctly, therefor power transmitting panel was setting toward power

receiving panel manually and REV control only is effective.

The Power taken out from Power receiving subsystem :
approx. 95W (REV Control OFF), approx. 340W (REV Control ON)

Power Transmitting
Subsystem

SEESPOwer Receiving
Subsystem

& Ny 7  adll S i
Power Transmitting Antenna given level | . Ry l
; 1\ |
differance uppar-side and lower-side L/ e
— The simulation of huge antenna panel
deformation on SSPS




Ground Demonstration of JAXA's Activities
Microwave Wireless Power Transmission

Collaboration of JAXA and Japan Space Systems (J-spacesystems)
On going project

ISSHHTZICRISE S %% 3= ThitHEIHEEE F L CHERR - |ANUITH—
SNBE— LD R ERRES a1, ST (E=7> 71 158)

JAXA
Beam-pointing-
control subsystem

J-spacesystems
Power transmitting subsyste
Power receiving subsystem

o ® Transmission distance: 1 km

RIEBEMGHXEHKERI>DJrF1L -3 FE ® Supplied Power: kW-class

10



JAXA's Activities
R&D Roadmap for Laser-based SSPS (L-SSPS) & Laser WPT

Technology sharing
100,000k with other missions o L-SSPS
. . * ~10MW
10,000k NN X N units
. ® Higher power
® Adaptation to

1,000k

atmosphere and clouds
® Safety for living things

® Resistance to space
environment

® Smaller & lighter

® Longer distance

100k

Transmission Distance [m]

10k
Spin-off plans:
1k - Robot for
inspection/
100 JAXA (2021) Lunar Lander to Rover maintenance of
(Current target) -
10 JAXA (2016) infrastructures.
= Small
1 satellites,
01 1 10 100 1k 10k 100k 1M 10M Free tlyers, etc.

Receiver Output Power [W] 11



JAXA's Activities

Laser WPT to Lunar Rover in “Permanent Shadow” Area

|

|

v Solar power is not available. |
v Power cable is unrealistic. |
v Battery capacity is limited |
due to weight & volume |
limitations. :

Laser WPT

Time and risk of accidents for rover
charging at sunlit area can also be
reduced.

Technical challenges:
- High-power laser for space.
- High-efficient photoelectric
conversion.
- Precise control of laser-beam
propagation.
- Smaller size & lighter weight.

Permanent

Sunlit area
shadow area

o=
~N

Solar panel

" Photoelectric
\mon panel
Laser light m =%
transmitter -

Lander

Experiment in tunnel (FY 2018 ~)

w/\
' PN

Transmitter

]
Laser
beam

\ //\ Receiver
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JAXA's Activities
Scenario of the development of large-scale
structures towards SSPS

Final Goals
7 N
Target for the near future ~ ™\  several 100 ~ several km class
e ~ 100 m class Large scale structure
30 m dlass Large sca'le‘srt[ucture

Planar Antenna

I\
Current Status a
4 )

' Social Return

Planar Antenna
10m x 3m

Geosynchronous Precipitation Radar

b+ Hith, TBEAREETE 7 THEE LR R T A(DELIGHT) DBIRIRR 1, E6SAIFHMERMTESEES, 13
3]10, 2021, LLF.



JAXA's Activities
ldea of 30m class large-scale antenna structure

Deployment and Connection of panels
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JAXA's Activities

Purpose of Mission

DELIGHT: DEployable LIGHtweight planar antenna Technology
demonstration

(1 Demonstration of 2D planar antenna deployment in orbit
v' Developed panel deployment and connection mechanism
v'  Light weight planer antenna

@ Confirmation of the mechanism, structure and thermal analysis of the
planar antenna in the space environment

RN
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JAXA's Activities

Outline of the Mission
;?parati;n “ -

from ISS )
-

(D Deployment of light weight panel
@ Measurement of panel deployment behavior and structural characteristics

@ Measurement of IV characteristics of
the solar array

Atmospheric entry

Ground Station PP N

F i TRERARETFE 7 THEE L ETE AT L(DELIGHT) DBSIRR ), E65EFHEZRITESHES,
3J10, 2021, 1LF. 16



Activities of J-spacesystems

* J-spacesystems, in collaboration with
universities, JAXA and manufacturers, is
implementing the SSPS development project
defined in the MET!’s roadmap.

 METI started feasibility studies on the power
system for Lunar utilizations last year. So, JSS is
conducting research on power systems on the

moon and from orbit.



METI’'s Road map of the SSPS development

Previous road map

All basic development shall be completed until 20135.

(From Ground WPT experiment to Small Satellite experiment)
—> Current situation: Ground WPT experiment only

’ (New road map 2016, based on SSPS 2006 model)

Update achieved and expected level of key technologies.

State of the art levels shall be taken 1n account.

Set Experiments as milestone goals

Clarify performance index and level to be satisfied.

Ground transmission demonstration: A.Vertical , B. Long distance
Utilization of SSPS technology to daily life as spin off
technology

Take 1nto account what technology can be applied to daily life.

© 2019 JAPAN SPACE SYSTEMS



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

Baseline Concept (2001) Growing Tethered SSPS Concept (2006)
Satellite Bus SSPS Basic Unit Growing Tethered SSPS

(10me X 15m with multiple SSPS Units
A s“iﬁ:"v., Satellite Bus ™ ™ ™ ™

Tether X 675
10 km

R S W'O)cj@ SSPS System (2.5km x 2.3km)
_ 100m o
e A e rasamiien & Trmating g Stabilization:
Rl Gravity Gradient
Sandwich panel:

Structure Unit 0.5mxSm (Minimum Structure). . .-~~~ )

P SRR = Solar cells on both
AT A sides, Antenna on earth
SO O side. Retrodirective
Unit Assembly SSPS System

(500mx475m) (2500mx2375m)
system.
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Revised road map 2016 for SSPS development (Based upon SSPS 2006)

2015 2020 2025 2030 2035 2040 2045 2050

Demonstration phase on the ground Demonstration phase in space

Decision of Fea51b111ty
— Space Dem =
2 | 2015 2018 2023-
s a
Tg WPT WPT WPT Long Demonstration on Space Commercial
L1 Horizontal Vertical distance . SSPS
o - Micro satellite Evaluation
S = Small satellite plant model
8 m w & = T
=] | Sky to Ground
.E; Ground to 1~5km vertical
CC) 50m above Light weight -
Horizontal : sandwich panel TeaT -
GE) orizontal  50m vertical with power gen P Yo —=m
O Drone target e T T
and transmission
. = # ==
S WPT to drone, robot, WPT to Rupning EV, Remote 'iSIa.ndSa WPT to Large scale sensor network,
B 10T sensor, Cellar phone and ~ Stratospheric drone,' Commumcatlon debris collection satellite system.
ot sensor network platform, etc. WPT in disaster, Large phased array radar. Orbit
<QE- Offshore Wind power plan. transfer vehicle. Large space structure.

© 2019 JAPAN SPACE SYSTEMS



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

30-mm displacement
(Rectenna, pilot signal tx)

between upper 4 S IRl | Rectenna or sensor

tWO panels and ’ , as ’*‘«.‘.\., >4 su bsystern
lower two panels , ry SSo B l

—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)
21
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JSS’s Activities

WPT (for Drone)

. 05. 24 in Japan

DAYV ABIMeE R BIRER

Demonstration of Wireless Power Transfer




JSS's Activities
The GCurrent Development Phase

Activities started on the year 2019

« Objectives are:

= The first: Development of the Power Generation and the Transmission
Panel (PGTP), which consist of the solar array on one side and the

solar cells with antenna element on the other side. The size of the
panel is about 50cm by 50 with the thickness of 10cm, and within 9kg.

= The second: Improvement of the total efficiency of the power
transmission by the improvement of the efficiency of power amplifiers
and also the consideration of the their configuration. The target of
the total efficiency, which is the ratio of input DC and transmitted
RF power, of 60%.

= The third: The long distant power transmission demonstration

exper iment with large scale phased array control technology
demonstration and beam pattern measurement via vertical 1km microwave
transmission test with the transmission panels.
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JSS’s Activities

Power Generation and Transmission Panel

Examples of the issues to
be solved with this phase
development are:

= The panel structure and
thermal design considering
the components arrangement
with the characteristics of
the components and parts

= Thermal design to
accommodate LEO operation

= The characteristics
estimation of the
components including

temperature dependance

= Realization of the
antenna-on-solar cells
power generation device

= Environment
characteristic evaluation
of the components including
the radiation

The cross section of the panel ——
AR

—
}Zl%h’l,w =R

T I T
e s

I fi
J20 100
000 (0
Sf) =[]
[I= = =“=

Phase control
amplifier arrangement

Component
arrangement

Antenna on solar cells
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JSS’s Activities

Schematic Drawing of PGIP

Solar array
Main
structur

Antenna & solar cell

(reverse side)
Power and RF

components

According to the current estimation based on the analysis, the
mass density is app. 34.4kg/m2, which exceeded the requirement
of 36kg/m2

25



JSS’s Activities

Development of -Efficiency C-Band Amplifier

DC Input
209. 1W

PCU & _
DCD's

PP

RF output
Total Efficiency (%) 59.8

RF amplifiers, etc.

RF Output
\125W

~ | Components
* RF control & Oscillator
- TLM, CMD, OBC

Loss &

Power

- eto.

\
1
I
I
: Consumed
I
I
]

84. 1W

The target total efficiency to achieve
within this project phase is 60% vs
44.8% at the year of 2018

RF power amplifier module of 69% PAE
with 32dB gain and 33.8dBm output
power at 5. 75GHz

Power system diagram of the PGIP and  The development of the driver and
current estimated total efficiency final stage unified amplifier
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Summary

SPS has been studying in JAXA, J-spacesystems and
universities in Japan.

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.

JAXA implements three items, WPT by microwave,
WPT by Laser and structure, related to SPS.

JAXA is preparing a space demonstration experiment
using HTV-X, and is conducting basic research and
SSPS-related technology application research.



