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SSPS Classification

MICROWAVE
BEAM TO
EARTH

Solar Power Satellite

Non-concentrator Concentrator

Bus Power Separated Power Bus Power Separated power Laser Direct Excitation

NASAReference USEF Tethered- NASASun Tower NASA ISC Model JAXA Laser-type-SSPS
Model SPS Model



Commercial SSPS Currently Studied
in Japan

e
Basic Advanced Laser Model
Microwave-type Microwave-type (JAXA)
Model Model

(USEF/METI) (JAXA)



Microwave-type SSPS (Basic Type)
Tethered-SPS (Single-Bus Model)

Earth pointing SSPS
Power generation/transmission
| Panel 2kmx1.9kmx(2-10)cm?

B Suspended by tether wires of
B 5-10 km

B Unit panel 100m x 100m size
BN Total weight 20,000 tons

Simple but low rate power
collection (64%)




Unit of Tethered-SPS with Existing Technologies

Bus System
Basic Technology Level
- Technology
| Tether MWire Deployment of tether more than 4
km have been conducted 5 times so
L Space tether _
21 0km| Technologies far; SEDS-1(20km,1993),

510K SEDS-2(20km,1994), TSS-1R(20km,
(2~10km) | 1996), TiPS(4km,1996), ATEX(6km,

1999)
Deployment of | Solar array paddle
large panel 4.6mx32m(2000)

(100mx100m)

Power)GeneratipnA
" (Upper Plane) |

///;;/m

100 in| Power Generation/ Transmission A
Y (Lower Rlane)

Microwave Beam



)e SSPS (Basic Type)
SPS (Multi-Bus Model)
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Microwave-type SSPS (Advanced Type)
Current Model

Sun pointing SSPS
Reflection mirrors
(free flying) :2.5 km x
3.5 km

1000 tons x 2sets,

PRee30§enetation:
1.25 km®x2 sets
Power transmission:

1.
S8kmo

Total weight: 10,000
tons(target)
Complicated but high
rate power collection



Japanese Roadmap for SSPS

2000 2010 2020 2030 2040 2050 2060
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Microwave Power Transmission
Experiment on Ground

General Concept
- Transmission of a kilowatt-level microwave to

a rectenna located gvpically at 100 m apart
frotm the the phased array transmitting
antenna

- Beam direction control by a pilot signal from
the rectenna site

Objectives
- to establish technologies to control a

microwave power beam directing at a target
rectenna,

- to establish technical readiness for the space
experiment in the near future.



Configuration of Microwave Power
Transmission Experiment

s Piot Signal
Block Diagram Recelver
i | Phase | 3
. | Shiftar e <]
! B L TR
oy Phase L stk <]
[Osclllattvr — _'?"_'ﬁi"_;: | \ Transmitting
: Phase Hiey 4 | Antenna
+ Shifter f." i ~
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/ Piot Signal
// : Recewver
/ |
4 Panels / ]
Transmitter Miviowsye power Baam [>Tk Rectenna
Ratro-directive Beaun Control /
/

Pilot Signal Radiator

More than 100 ™



Block Diagram of Microwave Transmitter

Synchronization

Master Oscillator:

Panel 1
Sub-array

..... Microwave Radiation

> Antenna Phase Shifter »  Amplifier Antenna  pe---a-- o

h 4 -

B Sub array. — Microwave Radiation

Local Oscillator Phase Shifter »  Amplifier Antenna - 1>

k -
X
Power Supply | Pilot Signal _._| Pilot Signal
Phase Controller Processor Antenna |«

.....

_____

.....

Panel 2

...... > S
{. ____________

Panel 3

______ > S
<. ____________

Panel 4
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Characteristics of Microwave
Transmission Experiment on Ground

4 panels movable to each other.
700W/panel, 30 kg/panel (typical),
169 sub-array/panel,

Microwave transmission |4 antennas/sub-array,

panel 80 cm x 80 cm, 2-10cm thick
microwave conversion efficiency 40 %
Microwave amplifie r 5.8 GHz, 45 W, efficiency 50 %

Antenna configuration 0.65A spacing

Retro-directive control using a

pilot signal from rectenna site
Phase control accuracy |4 or 5 bits

16 flexible panels, 2m x 2m/panel,
DC conversion efficiency 75 %
Transmission range 100 m (typical)

Transmitter configuration

Microwave beam control

Rectenna configuration




Laser-SPS Demonstration Experiment on
Ground(1kW class)

Power By Power Transmission Power
Conversio Reception

Transmitter Range 500m

Receiver Specification

Laser output 1kW

Wave length 1.06pum
Transmission 500m

Beam control several prad

Receiver output 0.2kW

|< P

Laser excited directly Laser optics

Beam homogenizer Photovoltaic cell
from sunlight

Laser Power Transmission experiment(200W class) at Kakuta/JAXAP



Microwave Transmission
Experiment in Space

(1) demonstration of the microwave
beam control precisely to the
target on the ground from the Pilot Signal
antenna in orbit,P B00-

SPS

Microwave Beam
lonosphere

(2) verification of microwave power
transmission (~kw/m?) through =
the ionosphere, =

(3) evaluation of the over-all power o
efficiency as an energy system,F

(4) demonstration of the L
electromagnetic compatibility

& Light lons

Non-linear Interaction  Electron Density
Scintillation

Oxygen lons

F2

F1
Molecular ions

Ol

with the existing communication R N
. Density (/m3)
infrastructure.



System Characteristics of
Demonstration Model (Option B)

Output power

Mission Period 1 year
Configuration Power generation/.transmission panel
suspended by 4 wires
System Pane.1 s1Ze l.omx 1.6 mx 0.lm
Tether wire length 30 m
Total weight 200 kg
Attitude stability +1°
Power generation| Thin film solar cell array |350 W (85 W/module)
Frequency 5.8 GHz
Phase control 5 bit
Power Number of module 4
. Beam control Retro-directive/Computer control, £10°
tfransmission

700W/module, 2.8kW (total)

Power density

1,100W/m? (antenna)
1.4uW/m?(ground)

Ground stations

JAXA ground stations
International experiment sites




Experimental Configuration using

Small Satellite

3-axis Attitude Control

Option A(700W, 65 kg)

Bus

Tether Wire
(30m)

Power Generation/
Transmission Panel

Gravity Gradient Stabilization

Option B (2800W, 200 kg)



Experimental Configuration using
JEM on Space Station




Summary and Conclusion

-Jwo commercial models of microwave-type SSPS

currently studied in Japan, basic type and advanced
type, are introduced.

-3As the first demonstration on the ground towards the
commercial models, high-precision microwave

beaming at 1kw class with100 m range will be
conducted within several years.

-Immediately after the ground demonstration

experiment, we will perform a small-scale experiment
in orbit to transmit a 1 kW class microwave power to
the ground .

-This approach is now reflected on the basic plan on

space by the government's space development
strategy headquarter.



