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Abstract
Space Power Satellite (SPS) is a huge spacecraft to utilize solar energy in space. Because of the huge size, immense mass
and high power, there exist many technical difficulties. For a GW SPS system, the generated electric power in space will be
over 2 GW, and the whole area of the solar array will be several square kilometers. The high-power electricity generation,
transmission and management in space becomes a huge challenge. In the paper, the primary scheme of MR-SPS concept
is presented and two important sub-systems, Solar Energy Collection and Conversion (SECC), Power Transmission and
Management (PTM) are introduced. The SECC sub-system includes fifty solar sub-arrays. Each solar sub-array is composed
of twelve solar array modules. The area of each solar sub-array is about 0.12 km2. The solar sub-arrays transmit electric
power to the cables installed on the main structure of MR-SPS by 100 middle power rotary joints. PTM sub-system converts,
transmits and distributes the output electric power of SECC sub-system. Most of electric power is transmitted to the antenna
and is distributed in the antenna. The remaining electric power is transmitted and distributed to the service equipments
for the operation of SPS. The mix of distributed and centralized high-voltage PTM is adopted to meet the requirement of
electric power supply of the electric equipments on SPS. Typical space environment influencing high-power electric system
is analyzed. The key technologies need to be researched and solved including high-efficient, long-life thin-film GaAs PV cell,
ultra-large–high-voltage (500 V) solar array module, high-power conductive rotary joint, ultra-high-voltage (20 kV) cables,
high-power converter, high-power switch, etc., and assembly and maintenance of the sub-systems.
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1 Introduction

Solar Power Satellite (SPS), proposed first by Dr. Peter
Glaser [1], has been regarded as one of the most promising
renewable energy projects in the future. It is attracting more
attention in recent years. There are lots of related develop-
ment plans and research activities in the world [2].

In 2016, CalTech proposed the new SPS concept with
the support of Northrop Grumman [3]. In 2017, Ian Cash
proposed CASSIOPeiASPS concept [4, 5].

In 2017 and 2019, Korea Aerospace Research Institute
(KARI) held the International Workshop for Space Based
Solar Power (SSPS) in Seoul. Experts from Korea, China,
USA, Japan and UK discussed the opportunity of SPS devel-
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opment. In 2018, Korea started the SPS research project and
proposed the Korean SPS concept [6].

In 2018, Japan presented the updated roadmap of SPS. In
2019, Japan Space Systems conducted the droneWPT exper-
iments project which transmitted power to the drone flying
at altitude of tens of meters under the contract of Ministry of
Economy, Trade and Industry (METI) [7].

China started the study in SPS field in 2006 and more
and more Chinese scholars and experts began to pay atten-
tion to the development of the space solar power. In 2014,
two new concepts are proposed in China. One is an inno-
vative non-concentration SPS concept proposed by China
Academy of Space Technology (CAST), named the Multi-
Rotary joints SPS (MR-SPS) [8, 9]. Another one is an
innovative concentration SPS proposed by Xidian Univer-
sity, named SSPS-OMEGA [10].

Lots of SPS concepts have been proposed since 1968
[11–17]. These SPS concepts fall into three categories: Type
I, Non-concentration continuous WPT SPS; Type II, Non-

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s42423-022-00099-4&domain=pdf


32 Advances in Astronautics Science and Technology (2022) 5:31–37

Type III 
Concentra�on 

Concepts 

Type I
Non-Concentra�on 
Con�nuous  WPT 

Concepts 

Type II
Non-Concentra�on
Intermi�ent WPT 

Concepts

Fig. 1 SPS concept categories

concentration intermittentWPTSPS;Type III,Concentration
SPS (Fig. 1).

The type I SPS relies on the conductive rotary joint to keep
the solar array Sun-pointing and the antenna Earth-pointing
to generate power continuously and steadily. The extremely
high-power conductive rotary joint is the biggest technical
challenge.

For type II SPS, the position of the solar array is fixed
relative to the antenna. The angle between the solar array and
the Sun changes from zero degree to 360 degree. Therefore,
energy will fluctuate between zero and maximum during the
orbit period.

The type III SPSuses special reflectors to change the direc-
tion of sunlight. Thedesign avoids the high-power conductive
rotary joints and shortens the transmission electric cables
largely to simplify power management and distribution. But
the high precise concentration system and the cooling of solar
array become two intractable technical challenges.

2 MR-SPS concept

2.1 Introduction

MR-SPS is a type I SPS and is mainly designed to solve
the extremely high-power conductive rotary joint problem.
Multiple independent solar sub-arrays point to the Sun and
convert solar energy to electric power continuously and
steadily (Fig. 2). Each solar sub-array transmits electric
power to the main structure by its two independent conduc-
tive rotary joints. The main structure and the transmission
antenna are connected and without relative motion between
them.

The electric power generated by the solar sub-arrays is
transmitted to the antenna by the cables along the structure

Fig. 2 MR-SPS concept

trusses. Then the electric power is converted to microwave
energy and transmitted to the rectenna on ground. The
rectenna receives the microwave energy and converts it to
electric power conversely. Then, the electric power is con-
nected to the grid. The typical power of a SPS is 1GW. The
total energy efficiency of the SPS is about 13.8%.

2.2 Configuration of MR-SPS

The MR-SPS functionally consists of Solar Energy Col-
lection and Conversion (SECC) sub-system, Power Trans-
mission and Management (PTM) sub-system, Microwave
Power Transmission (MPT) sub-system, Structure sub-
system, Attitude and Orbit Control (AOC) sub-system,
Thermal Management (TM) sub-system, and Information
and System Operation Management (ISRM) sub-system.
The MR-SPS configurationally includes three key parts:
solar array, microwave transmission antenna and main struc-
ture. The SPS platform service equipments, including AOC,
TM and ISRM equipments, are installed on the solar array,
microwave transmission antenna andmain structure. Figure 3
shows the configuration and size of a typical 1GWMR-SPS.
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Fig. 3 Configuration of MR-SPS
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The solar array consists of 50 solar sub-arrays. The solar
sub-arrays are 10 m apart. The distance between the two
solar sub-arrays close to the antenna is 1310 m to avoid the
effect of eclipse of the antenna. So, the total length of a SPS
is about 11,800 m.

To reduce the impact of the atmospheric transparency and
the size of antenna, 5.8 GHz is chosen as the frequency of
transmission microwave. An antenna with 1000 m diameter
is selected based on the factors of energy density and trans-
mission distance.

The main structure connects the solar array and the
microwave transmission antenna. The upper south–north
truss supports the solar sub-arrays, while the solar sub-arrays
rotate around the truss in the orbit to point to the Sun. The
lower south–north truss supports the microwave transmis-
sion antenna. The upper south–north truss and the lower
south–north truss are connected by the perpendicular trusses.

The specifications of a typical 1GWMR-SPS are summa-
rized in Table 1.

3 High-Power Electricity Generation,
Transmission andManagement of MR-SPS

3.1 Solar Energy Collection and Conversion (SECC)
Sub-system

The SECC sub-system collects and converts solar energy to
electricity in space. According to the MR-SPS configuration
and efficiency chain analysis, SECCsub-systemneeds to sup-
ply 2 GWelectric power for theMPT sub-system. The SECC
sub-system includes fifty solar sub-arrays and each solar sub-
array is composed of twelve solar array modules that are
divided into two groups. All modules will be assembled in
space. The area of each solar sub-array is about 0.12 km2

and the output power is about 48 MW. The structure of the

solar sub-array is a 200 m×600 m crisscross truss (Fig. 4).
The 200 m truss connects the conductive rotary joints at two
ends and the 600 m truss connects twelve solar array mod-
ules symmetrically. First, the electricity generated by each
module is transmitted to the conductive rotary joints. Then,
the electricity is transmitted to the microwave transmission
antenna by the cables installed on the main structure of SPS.

The thin-film structure is important to decrease the weight
of the solar array [17]. Each solar array module is a 100 m×
100 m thin-film PV array that is composed of thin-film
PV cells, trusses and deployment mechanism (Fig. 5). It is
folded before launch and is deployed automatically in orbit. It
weighs about three tons. The high-efficiency thin-film GaAs
cell is chosen and the prospective efficiency is over 40% [18].
Considering the gaps between cells, the output power of each
solar array module is about 4 MW. The total output power of
all 600 solar array modules of the SECC sub-system is about
2.4 GW, while the total weight is about 1800 tons.

Because of the interaction of special space environment
and solar array, high voltage is a huge technical challenge
for the high-power solar array. Lots of studies have focused
on the high-voltage solar array [19–23]. HORYU-II mission
demonstrated the solar array over 350 V in space in 2013.
Basedon these studies, it is believed feasible to develop500V
high-voltage solar array module.

3.2 Power Transmission andManagement (PTM)
Sub-system

PTM sub-system converts, transmits and distributes the
output electricity of SECC sub-systems. Most of the elec-
tricity is transmitted to the antenna. The remaining electricity
is transmitted and distributed to the platform equipments of
SPS for normal operation of SPS. The particular mix con-
figuration of distributed and centralized PTM is adopted for
MR-SPS tomeet the requirement of power supply of the elec-
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Table 1 Specifications of a 1GW MR-SPS

SPS system Operating orbit GEO

Supply power ~1 GW

Total efficiency ~13%

Total mass ~10,000 t

Solar Energy
Collection and
Conversion
sub-system

PV cell Thin-film GaAs

Efficiency ~40%

Total area of solar
array

~6 km2

Output power ~2.4 GW

Voltage of solar
array module

~500 V

Total mass ~2000 t

Microwave Power
Transmission
sub-system

Frequency of
microwave

5.8 GHz

Efficiency of WPT ~54%

Diameter of
transmission
antenna

1000 m

Number of antenna
modules

128,000

Power of an antenna
module

12.5 kW

Total mass 4000 t

Diameter of
receiving antenna

5 km

Power Transmission
and Management
sub-system

Style Mix of distributed
and centralized

Voltage of solar
sub-array

5 kV

Voltage of main bus 20 kV

Number of
conductive rotary
joints

100

Total mass 2500 t

Structure
sub-system

Module Deployed truss

Total mass 1200 t

Attitude and Orbit
Control
sub-system

Thruster 1 N electric thruster

Total mass 100 t

Other sub-systems Mass of Thermal
Management

150 t

Mass of ISRM 50 t

Operation mode Continuous
transmission

tric equipments. The solar sub-arrays transmit the electricity
to the cables by 100 middle power conductive rotary joints.
The cables are connected to two interfaces of the antenna
and then, the electricity is distributed in the antenna (Fig. 6).
The power transmission andmanagement includes three seg-
ments as follows.

The first segment is power transmission and management
on the solar array. Its function includes converting, regulating

Fig. 4 Configuration of a solar sub-array

Fig. 5 Configuration of a solar array module

and transmitting the electric power generated by the solar
array modules. The output voltage of the solar array modules
is 500 V. To decrease electric current, the electric power is
converted to 5 kV and transmitted to the conductive rotary
joints. Each solar sub-array has two output power buses of
5 kV and 4800 A.

The second segment is power transmission and manage-
ment on the main structure. Its function includes converting,
regulating and transmitting the electricity of the solar sub-
arrays. The output voltage of the solar sub-arrays is 5 kV.
The voltage is boosted to 20 kV to reduce transmission loss
before being transmitted to the antenna. The antenna has two
main buses (multiple cables) of 20 kV and 50 kA.

The third segment is the power transmission and man-
agement on the antenna. Its function includes converting,
regulating and transmitting the electricity of the antenna
modules. The input voltage is 20 kV. The majority of the
electricity is converted to about 5 kV before being transmit-
ted to the antenna modules for microwave generation.

For each segment, parts of electricity are distributed to the
service equipments (including electric thrusters) and parts of
electricity are stored to supply power for service equipments
during eclipse. The power needs to be converted to adaptive
voltage according to different requirement.
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Fig. 6 Mix configuration of distributed and centralized PTM

4 The Space Environment Influence

4.1 Typical Space Environments Influencing
High-Power Electric System

Tens of thousands volts is used wildly in electric grid on
ground. But it is inconceivable in space because of the special
space environment.

The space environment is different in diverse orbit. Typ-
ical space environment factors influencing electric system
include ultraviolet, plasma, high-energy electron, high-
energy proton and heavy ion. These environment factors
come from Van Allen radiation belt, sun radiation and galac-
tic cosmic ray [24, 25]. Different space environment factors
will influence different electric power units. The typical rela-
tion between space environment factors and electric power
units are summarized in Table 2.

First, space radiation environment will affect insulation
materials and power equipments and will decrease their
performance seriously, even conduce to failure. Another
important problem is the electrons accumulation and electro-
static discharge. Especially, integration effect of high-voltage
and space radiationwillmake it very difficult to develop high-
voltage solar array, cable and conductive rotary joint.

4.2 Radiation Protection Requirement of Electric
Power Units

1. High-Voltage Solar Array.

The potential high-voltage solar array is the thin-film
GaAsarray.Theprotection requirement includes twoaspects,
PV cell and solar array. First, innovation lightweight radi-
ation protection layer of PV cell needs to be studied to
replace traditional cover glass to avoid the serious efficiency
decrease of PV cell. Second, for large area thin-film solar
array, the electrons accumulation will be more serious. Tra-
ditional RTV adhesive is not feasible for thin-film solar array,
new cover film needs to be developed to prevent arcing, for
example, the special Ethylene-Tetra Fluoro Ethylene (ETFE)
film used in HORYU-II mission.

2. High-Power Electric Cable.

The voltage requirement of high-power electric cable in
space should be over 1–10 kV. The key technology is to
decrease the accumulation of electric charge and to increase
the performance of radiation protection of insulation mate-
rial. An possible method is to change the performance of
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Table2 The main space
environment factors influencing
high-power electric system

Space environment
factors

PV cell High-voltage array Rotary joint Cable Power equipments

Ultraviolet ★ ★

Plasma ★ ★

High-energy electron ★ ★ ★ ★ ★

High-energy proton ★ ★

Heavy ion ★ ★

the insulation material by adding nanometer materials, for
example, the special non-linear conductivity polymer dielec-
tric materials [26, 27]. But more researches need to be done
to understand whether it is suitable for high-voltage system.

3. Conductive Rotary Joint.

The conductive rotary joint is the key part to transmit
electric power from solar array to the cable. Because the
transmission power will be over tens of MWs and the volt-
age will be over thousands of volts, the possibility of fatal
short circuit breakdown arisen by deep dielectric charging
needs be researched specially [28, 29].

4. High-Power Equipments.

High-power equipments include high-voltage power con-
verter, high-voltage switch, high-voltage circuit breaker,
high-power conditioner, high-power control unit and so on.
The protection requirement includes two aspects, radiation
hardening component and insulating protection. New gen-
eration SiC and GaN components should be adapted. New
electric package materials should be researched to avoid var-
ious single event effects. New circuit design and software
design should be adapted to detect and correct errors arisen
by single event events. The tradeoff of the shell and new insu-
lation materials will decrease the possibility of electrostatic
discharge.

5 The Key Technologies

As discussed in the paper, SPS is an extreme high-power
spacecraft. High-power electric power generation, transmis-
sion and management is an important technical challenge.
Many key technologies need to be solved.

1. High-power solar power generation
SPS needs ultra-large solar arrays to generate several
GWs electricity. Therefore, PV cells need to be high-
efficient, ultra-light and long life. Thin-film GaAs PV
cell might be potential candidate with the expected effi-
ciency over 40%.Ultra-large and high-voltage solar array

module is another key requirement. The total area might
be as large as 10,000 m2 with about 500 V voltage, new
cover film needs to be developed to avoid electrons accu-
mulation and serious arcing.

2. High-voltage electric power transmission
SPS needs long-distance electricity transmission in
space. To minimize the power dissipation, electricity
transmission voltage needs over 20 kV, which is a big
challenge in space although trivial on ground. The high-
efficiency converters, switch and ultra-light cables are
needed. MR-SPS concept reduces the power of the con-
ductive rotary joint from 1.2 GW to 24 MW, but the
high-power rotary joint is still a big problem compared
with the existing 100 kW rotary joint.

3. Special material and component
New material and component are important for the high-
power electric system in space. New high-conductive
conductor materials, for example, graphene, are needed
to decrease theweight of cables.High-temperature super-
conductive material over 200 K may be the best way
to transmit high power in space. New radiation harden-
ing insulation dielectric materials are needed to endure
high voltage in space. New generation SiC and GaN
power electronics components are needed to develop
high-power, high-temperature and radiation hardening
power equipments.

4. Assembly and maintenance

Even though single module is very large, the solar array
of SPSmust be assembled in space. All electric power equip-
ments need to be installed in space. The assembly of tens of
km cable in space is also a big challenge. The complexity
and hazard of assembly exceed that of ISS greatly.

6 Conclusion

MR-SPS is a new concept and the high-power electricity
generation, transmission and management is an important
technology challenge. Primary MR-SPS concept and the
particular configuration of high-power electricity genera-
tion, transmission and management are introduced firstly
and the typical influences of space environment factors on
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high-power electric system are analyzed. At last, several key
technologies to achieve high-power electricity generation,
transmission and management in space are presented. The
conclusions are as follows.

1. MR-SPS is a new non-concentrator SPS concept and can
provide electricity continuously and steadily in GEO.

2. The main innovation of MR-SPS is that the huge sq.km
scale solar array is broke up into 50 disjunctive solar
sub-arrays and each sub-array transmits electricity by
two independent conductive rotary joints. Such design
reduces the power of the conductive rotary joint and
avoids the single point failure problem.

3. Based on the multi-rotary joints design, the mix configu-
ration of distributed and centralized PTM is adopted for
MR-SPS.

4. The high-efficiency thin-film GaAs cell is chosen for the
ultra-large flexible solar array module. The output volt-
age is 500 V.

5. The transmission power of a conductive rotary joint is
about 24 MW. The transmission power can be reduced
further by adding more solar sub-arrays.

6. The power of the solar sub-array is transmitted to antenna
by cables fixed on the structure trusses. The long-distance
high-voltage (20 kV) electricity transmission cables are
needed.

7. The space radiation environment will affect insulation
materials and power electronic equipments seriously. The
integration effect of high-voltage and space radiationwill
make it very difficult to develop the high-voltage solar
array, cable and conductive rotary joint.
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