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(119 years) [1]

(Oil: 45.7 years
Gas: 62.8 years) [1]

[1] Statistical Review of World Energy, British Petroleum, 2015

Fossil fuel 

Energy depletion problem

Demand
Now 

Global 
Demand

Energy 
Reserve

Highest 
point

Global demand for energy： 15 TW·year（2007）
30 TW·year（2025） 50TW·year（2050）[3]

Global population： 10 billion (2050) [2]

[2] World Population Prospects, United Nations., 2015

[3] R. Doombosch, For official use SG/SD/RT, 2006
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Candidate energies for the fourth stage 

Energy types Clean Safety Reliability Price / cent
Nuclear Yes ? ? 13

Wind Yes Yes
Geographic 
restrictions

8

Ground solar Yes Yes 12

Hydropower Yes Yes 6

Space solar Yes Yes Yes 6

Space solar：satisfy energy demand for human society

SSPS     :  a good choice to solve the energy problem



◆ Solar power collection 

and photoelectric conversion

◆ Wireless power transmission

◆ Ground-receiving system
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Process of energy conversion：

Sunlight
↓

Direct current
↓ 

Microwave
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Direct current
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Advantages:  Easily Extensible

Simple construction

Disad.:  Low ratio on power to mass

Low optical collection efficiency

Large inertia (difficult to control)                           

PV cell 

PV cell toward the sunlight

Antenna toward the earth
relative rotation
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Rotary joints: GW level

Implementation: 75 kW
bottleneck
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Advantages:  Reduce the area of PV cell

High ratio on power to mass

Disadvantages: Complex control

Heat dissipation 
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ALPHA Concept 
Power-mass ratio: 79 W / kg

Integrated Symmetrical Concentrator 
Power-mass ratio: 63 W / kg
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PV cell array

Microwave device

Antenna

Advantages: high modular scheme

Disadvantages:  Complex control

Light leakage

Heat dissipation
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OMEGA Concept (Xidian University)
Power-mass ratio: 98 W / kg
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Advantages:
◆ Main reflector without adjustment 
◆ Lower heat dissipation

Assumption:
Thin film material: semi-transparent for sunlight

OMEGA Concept (Xidian University)
Power-mass ratio: 98 W / kg
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◆ Multi-domain Physical Systems
Synthesization, Coordination, and Optimization

◆ Wireless Power Transmission
Transmitting antenna & Rectenna
Beam control (shape & direction)      

◆ In-orbit assembly
Assembly sequence design
Vibration attenuation

◆ Deployable array
Large scale, Low areal weight, Small stowed package
Dynamic analysis and control

◆ Heat dissipation

◆ Transport rocket

◆ Operation security  
Uninvolved  here
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 multidisciplinary
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 No relative movement 
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Limits：
 lack of coordination equation

among multi-sub-systems

 lack of coupling model among   

multidisciplinary in SSPS
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Coupling model
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Electric
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Coupling model of condenser 

Coordination between the condenser and antenna 
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Elastic mechanics

Heat radiation

Heat conduction
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Cone angle of the light 
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Control equations 

1( , ( ), , ) 0NS Tδ β γΓ =

Coupling model of condenser 

light pressure Dis. Field

Factors of manufacture 
& assembly 

Thermal Field 
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0
( )exp 1s s

sh

q V IR V IRI m I
AkT R

φ  +  + = − − −    

DC equation of PV

2 ( , , ( ), ) 0P T δ β γΓ =

Coupling model of electric

light distribution 

Dis. Field 
Thermal Field 

Factors of manufacture 
& assembly

Electric Sub-system

Heat radiation

Heat conduction

Elastic mechanics

light pressure

Structural 
parameters
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Multi-systems Effective WPT In-orbit assembly

Condenser
Sub-system

Antenna
Sub-system

relative 
movement

energy 
flow

Coordination quation

1 1( , , , , , ) 0nF m V J x x =

Coupling model

2 1 2 3 12 23 13( , , , , , ) 0F Γ Γ Γ Π Π Π =

1( , ( ), , ) 0NS Tδ β γΓ =

2 ( , , ( ), ) 0P T δ β γΓ =

Electric
Sub-system

Deployable array

Key technologies 
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Ele-mag. 
Field

Thermal 
Field

High power

Control

Electromagnetic 
border

Maxwell
electromagnetic equation

( )

( )

( )

2
2

2

2
2

2

2
2

2

0

0

0

S S S
x

S S S
y

S S S
z

uG G u f
x t

vG G v f
y t

wG G w f
z t

θλ ρ

θλ ρ

θλ ρ

 ∂ ∂
+ + ∇ + =  ∂ ∂ 

 ∂ ∂
+ + ∇ + =  ∂ ∂ 

 ∂ ∂
+ + ∇ + =  ∂ ∂ 

Mq Cq kq F+ + = 

3 ( , , ( ), , ) 0cE T Fδ β γΓ =

Thermal Field 
Ele-mag. Field Factors of manufacture & assembly 

Dis. Field 

Control force 

Antenna Sub-system

Elastic mechanics

Control equations 

Dis. Field

Structural 
parameters

Coupling model of antenna 

Heat radiation

Heat conduction
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Multi-systems Effective WPT In-orbit assembly

Condenser
Sub-system

Antenna
Sub-system

relative 
movement

energy 
flow

Coordination quation

1 1( , , , , , ) 0nF m V J x x =

Coupling model

2 1 2 3 12 23 13( , , , , , ) 0F Γ Γ Γ Π Π Π =

1( , ( ), , ) 0NS Tδ β γΓ =

2 ( , , ( ), ) 0P T δ β γΓ =

3 ( , , ( ), , ) 0cE T Fδ β γΓ =

Electric
Sub-system

Deployable array

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

Condenser
Sub-system

Antenna
Sub-system

relative 
movement

energy 
flow

Coordination quation

1 1( , , , , , ) 0nF m V J x x =

Coupling model
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Electric
Sub-system

Parameters of 
Struc./Ther./Ele-mag. 

& control

Synthetical evaluation
to the power-mass ratio

Behaviors 

Coupling
&

coordination

boundary conditions 

Deployable array

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

Type: Active phased array antenna        Operating frequency : 5.8GHz 

Friis Equation:
2

1 e τη −= −

beam collection efficiency (BCE)

T RA A
L

τ
λ

=

Transmitting 
antenna

Receiving antenna
DR

DT

Power 
distribution

Microwave
 beam

area of transmitting antenna
area of rectenna

wavelength
distance between two antennas

Deployable array

Key technologies 

Efficiency  requirement BCE > 95%

2τ ≥6 23.7 10 mT RD D ≥ ×  

System cost
(Reduce the Trans. antenna size) 10 km 400m;R TD D=  = 20 km 200mR TD D=  =
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Multi-systems Effective WPT In-orbit assembly

Subdivision

Beam control

RF-DC conversion

Deployable array

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

DC power

High power oscillator
(5.8 GHz)

Power
divider

Phase
shifter

Power
amplifier

Radiating
element

Radiating
element

Radiating
element

…

Deployable array

Beam control

RF-DC conversion

PV cell array

Microwave device

Antenna

 Heat dissipation 

Subdivision

Key technologies 

Transmitted power: 100kW/m2
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Multi-systems Effective WPT In-orbit assembly

DC power

High power oscillator
(5.8 GHz)

Power
divider

Phase
shifter

Power
amplifier

Radiating
element

Radiating
element

Radiating
element

…

Deployable array

Beam control

RF-DC conversion

PV cell array

Microwave device

Antenna

 Heat dissipation 

Subdivision

Key technologies 

 Radiating region Near field Fresnel field Far field 

3

0.62 D
λ

2

2 D
λ

Antenna 
diameter

Wavelength 
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Multi-systems Effective WPT In-orbit assembly

DC power

High power oscillator
(5.8 GHz)

Power
divider

Phase
shifter

Power
amplifier

Radiating
element

Radiating
element

Radiating
element

…

Deployable array

Beam control

RF-DC conversion

PV cell array

Microwave device

Antenna

 Heat dissipation 

Subdivision

Key technologies 

 Radiating region

 Structural design Module Sub-array Array Element 
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Multi-systems Effective WPT In-orbit assembly

GEO

Rectenna

Tran. 
antenna

0.0005o

36000km

314m

2、Retrodirective antenna array technique

1、Accurate and high efficiency microwave 
power density measurement

Pilot signal

Disturbance

Retrodirective array

Microwave

Deployable array

Beam control

RF-DC conversion

Subdivision

Key technologies 
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Rectenna element

Schottky Diode

RF
Capacitor

Load

Low pass
filter

Antenna 
element

Multi-systems Effective WPT In-orbit assembly

Rectenna array  

Load

Incident microwave

Rectifying circuit

Low Pass
filter

DC Pass
filter

Rectifying diode

Receiving
antenna

Deployable array

R r Dη η η= ⋅

RF - DC 
efficiency

Receiving antenna
efficiency

Rectifying circuit
efficiency

Stepped taper

Beam control

RF-DC conversion

Key technologies 
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Multi-systems Effective WPT In-orbit assembly Deployable array

2016,  Power:  1 kW,  Distance: 1.6km
Efficiency: 8%

2015, Power: 50 W,  Distance: 11 m
Efficiency: 16%

Magnetron: 2.45GHz, 500W, Eff.=75% GaN solid-state amplifier: 5.8GHz
50W, Eff.=63

Advantages:  High efficiency

Disadavantages:  Difficulty of phase lock
Lifespan problem

Advantages:  High  frequency stability

Disadvantages:  Lower Efficiency 

Outside test – Sichuan University Inside test – CAST & Xidian University

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

Assembly

Intra-subsystem

Inter-subsystem

Deployable array

Key technologies 
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Assembly

Intra-subsystem

Inter-subsystem

Deployable array

Condenser

Electric

Antenna

Key technologies 

Presenter
Presentation Notes
Power supply via WPT in a village in France  in 2003



Multi-systems Effective WPT In-orbit assembly

Assembly

Intra-subsystem

Inter-subsystem

Deployable array

Condenser

Electric

Antenna

Subarray

Subarray

Subarray

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

Assembly

Intra-subsystem

Inter-subsystem

Deployable array

sequence planning

vibration attenuation

Large-scale、flexible objects
In-orbit assembly

◆ Sybsystem→System:Rigid

◆ Subarray→Array: Lack

Key technologies 
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Multi-systems Effective WPT In-orbit assembly

Assembly Model

Optimization 
algorithm

Const
raints

Performance 
evaluation

Efficiency、Energy

Assembly sequence design

Feedback

Assembly 
structure study

Functional 
material selection

Structural-material 
integration

Vibration analysis 
of Sub-array 

structure

Impact and 
collision analysis 

of assembly

Feedback Feedback

Tolerant assembly
& Vibration attenuation

Vibration attenuation

Adaptive assembly technique
of sub-systems & sub-arrays

Input

Deployable array

Key technologies 
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Multi-systems Effective WPT In-orbit assembly Deployable array

Subdivision

Deployable

Key technologies 
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Multi-systems Effective WPT In-orbit assembly Deployable array

Subdivision

Deployable

Key technologies 

Fuller theorem

Module Sub-array
Sub-system 

Regular 
Pentagon

Regular
Hexagon

Non-regular
Hexagon

Number 12  (1) 20  (1) 3210  (21 kinds)

Size 0.0446R 0.0410 R 0.0446 R -0.0410R

Condenser radius R=1km, side length:
Pen.: 44.6m

Hex.: 41m – 44.6m
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Multi-systems Effective WPT In-orbit assembly Deployable array

Mesh
antenna 

Inflatable
antenna

Film
antenna 

solar sail

Max size：22m 

Surface density：0.4kg/m2

Surface accuracy：0.1 mm level  

Max size：14m

Surface density ：charger mass
Surface accuracy：mm level  

Reliability restriction 

Size restriction 

Max size：5m 

Surface density：1kg/m2

Surface accuracy：0.1 mm level  

Laboratory stage 

Max size：1200m2

Surface density：ultralight 

Surface accuracy：low   

Subdivision

Deployable

Key technologies 
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Multi-systems Effective WPT In-orbit assembly Deployable array

Constraint Contradiction 

Innovation deployable 
structures for SSPS Inter-modules connection

scheme

Truss-membrane structural 
design technique

Large scale

Light weightHigh storage

High 
accuracy

Integrated stowed/deployed
states optimization

Dynamic analysis and control

Subdivision

Deployable

Key technologies 
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Location？

Xi’an City

Prototype of SSPS

Xidian University
South Campus 

South campus of 

the Xidian University



Location？

Xi’an City

Prototype of SSPS

South campus of 

the Xidian University



Location？

Xi’an City

Prototype of SSPS

South campus of 

the Xidian University

FAST 50m experimental site

FAST 50  experiment model



Prototype of SSPS

FAST 50 experiment model

Pingtang county, Guizhou province 
(Accomplished at 25/09/2016)

Major scientific event of 2016 



Prototype of SSPS

FAST 50 experiment model

Sun

Sun trajectory

EastWest

1

2

3

4

5

6

Rectenna

Spherical
condenser

Trans.
antennaCable

Tower

Load

PV cells

Schematic diagram of the OMEGA – SSPS model 
(Mode 1: Vertical  transmission)



Prototype of SSPS

FAST 50 experiment model

Sun

Sun trajectory

EastWest

1

2

3

4

5

6

Rectenna

Spherical
condenser

Trans.
antennaCable

Tower

Load

PV cells

Schematic diagram of the OMEGA – SSPS model 
(Mode 1: Vertical  transmission)



Load

Prototype of SSPS

Sun

Sun trajectory

EastWest

1

2

3

4

5

6

Rectenna

Spherical
condenser

Trans.
antennaCable

Tower

Load

PV cells

Schematic diagram of the OMEGA – SSPS model 
(Mode 2 Horizontall  transmission)

100 m



Prototype of SSPS

Sun

Sun trajectory

EastWest

1

2

3

4

5

6

Rectenna

Spherical
condenser

Trans.
antennaCable

Tower

Load

PV cells

Schematic diagram of the OMEGA – SSPS model 

Photoelectric conversion: 30%

DC- RF : 45 %

Beam collection: 90%

RF- DC: 50%

Microwave Transmitting: 80%

Overall efficiency: 4.32%
DC-DC efficiency: 16.2%  (14.7% Japan)

Expected system efficiency

BCE is enhanced  (Stepped amplitude (90 %) v.s.
Uniform amplitude (81.7 %))
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Prospects
Technologies Developments 



Prospects

High efficiency amplifiers, phase shifters, power dividers

Creative heat-dissipation structure design

Innovative 
structure New SSPS concept; New antenna structural form

Heat dissipation

MW generator 

PV cells High efficiency thin-film PV cells 

Technologies Developments 

New Material Light weight and high strength material



Prospects
Technologies Developments 

senior consultant(6 academicians)
Xiji Wang, Guirong Min, 
Lehao Long, Shizhong Yang, 
Baoyan Duan, Changchun Ge

participating experts:
16 ministries
49 organizations
130experts



SSPS
systematic
research

Te
ch

ni
ca

l m
at

ur
ity

T
R

L
7~ 8

mid-term：2015 ~ 2030 long-term：2030 ~ 2050
2020 2025 2030 2040 2050

MW level SSPS
System test

GW level
Commercial SSPS

Ground & floating
tests  

Electrical 
management

WTP spatial test

upgrade technology
& verification

service robot

Heavy lift launch

LEO in-orbit 
manufacturing

Repeatable orbital 
transfer vehicle

GEO
space station

System simulation
DC-DC ≥ 35%

PTE ≥ 35%

Electrical management
1MW Rotary joint

Diameter of TA: 300m
In-orbit assembly

Beam control

DC-DC≥ 40%
PTE ≥ 40%

Diameter of TA: 300m
Diameter of RA: 13 km

DC-DC≥ 50%
PTE ≥ 50%

Diameter of TA: 1 km
Diameter of RA: 4 km

Road Map

Presenter
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Thanks for your attention！
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