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Mankins, 2012

SPS-ALPHA

SPS-ALPHA(Solar Power Satellite
via Arbitrarily Large PHased Array)
2011-2012NIAC(INASA Innovative
Advanced Concepts)Phase-1

ProjectD— D&, TEESIN B,

KB B ESEIZ/NEE500kg L T) o

Approx.

System Lot Element Est. Mass
Element Description Image NuF;]ber (ka)
The “HexBus" is a specially configured “smallsat”
HexBus (diameter 4m) capable of wirelessly communicating with 90,000 25-35 kg
neighboring systems.
lbetcataadts The “Interconnects” are nanosats that mechanically link 90,000 1-2 kg
essentially all other SPS-ALPHA modules to one another. ?
The “HexFrame” structures are simple deployable beams
HexFrame (specific type to be determined) that provide the base 3,000~ 10-20 ki
Structure structure for the reflectors, and connect the reflector 5,000 9
array to the power/transmitter array.
The “Solar Harvest Reflectors” (SHR) are large, thin-film
Sg:;:;:;“ reflectors (e.g., aluminum on Kapton) that redirect %Oé)o%_ 20?;9300
incoming sunlight to the SPG; each wedge is one SHR. .
Solar Power
Generation | The solar power generation (SPG) modules generate the 80.000 2.4 k
(SPG) power for the WPT transmitter; there are six per HexBus. g 9
Modules
Vireless | The WPT modules convert the electricity on the platform
ower ) : i
Transmission into a coherent RF (microwave) transm«sspn to the 80,000 ~1-2 kg
(WPT) Module receiver on Earth; there are numerous units per HexBus.
Modular The Modulgr Robotics Modules ponnect wilh one or more
Robotics HexBus units to operate as 4-6 limbed robotic In-Space 600 6-12 kg
Assembly and Construction (ISAAC) modules.
Attitude The Attitude Control (AC) / Propulsion Modules provide
Control / the required propulsion for guidance, navigation and 200 50-500 k
Propulsion control (GN&C) and station keeping for the Platform. 9
Module Mass depends on time between refueling.

[1] Number of elements based on approximately 1,200 meter diameter power generation/transmitter array
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Gain (dB), Pgyt (dBm)

Thin lines: Simulation
Thick lines: Measurement
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Pin (dBm)

RADHB EBKX DB
N. Shinohara, 2013 M. Kamiyama et.al., 2012
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Conversion Efficiency (%)

LOTFDEHFEHE

Frequency | Peak Conversion|Peak output power/| o
Rectenna type Paper (GHz) Efficiency(%) Element(Wdc) Polarization
Printed dipole W.C.Brown, 1984 2.45 85 5 Linear
Circular patch M.Onda et al., 1999 2.45 81 5 Dual
. . |B.Strassner and .
Printed dual rhombic K Chang, 2002 5.61 78 0.084 Circular
Circular patch Y.Fujino et al., 2002 5.8 76 3 Linear
. . Y.-H.Suh and ;
Printed dipoles K.Chang,, 2002 2.45/5.8 84.4/82.7 0.094/0.052 Linear
Circular patch(CMSA) |77 4/ara et 2, 5.8 74.3 0.2 Linear
100 ' T™7TT1] ] T
——2 45 GHz Measured L i % 1
e 58 Otz Scaled hom 245.GHz | | | | | 111 I il ~rona D C®7
= = 135 GHz Measured TRt 1 i —
-o—gSGHz Scaled from 2.45 GHz | | | o "l' L L @; Z40NE [:l * l—l Z4NG l:‘l @
80 =g § 54 A~ K
F 2 o * Lie } \ v/ A
] AT -
70 4—+4— et ! ‘f 4 3 T 7 \/Tj- &m@%
T A : \ /
60 4 - - ¥ _l. 44 _— - e v
;, - 4 . :1 — " - ;f, 1/77-7-
S A il
1) S T LT (5.8GHz) IFEFLA
/ ] “T ! ! ? = = L e RY 0
- Bl it L TDIRAE BN FEH80%%
0.01 04 1 10 100 1000 ;ﬂf yadA {) o
incident Power Density (mW/cm?)

State-of-the-art rectenna efficiencies(Strassner and Chang,2013)
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Frequency Allocation

Step

Selection of candidate
frequencies

$

Interference
analysis

.

Agreement in
domestic level

Agreement in
international level(ITU)

19974F : QUESTION ITU-R 210/1 (Wireless
power transmission) Y2y Zk (QUESTIOND &
HEAR (22005 %)

20054 : JAXA g(%%?—’i}?%ﬂ%ﬂ o
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transmission via radio frequency beam) V4
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