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Fusion as an important  part of the 

national strategic in clean energy 

国家中长期科学和技术发展规划纲要
（2006-2020年） 

    Outline of nation S&T development 

国务院 

State council  

国务院关于印发国家重大科技基础设
施建设中长期规划（2012-2030年） 

Plan for large scale science facilities 

国发〔2013〕8

号 

 

国务院 

国务院关于印发”十三五”国家科技创
新规划 

Plan of S&T innovation for 13th  5 year 

国发〔2016〕43

号 
国务院 

能源技术革命创新行动计划（2016-

2030年） 

Acting plan for energy technology 

innovation 

发改能源〔2016〕
513号 

国家发展改革委 /国
家能源局 

Fusion research is included in national science and 

technology developing  plan and national innovation 

acting plan/program in clean energy 
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National Magnetic Confinement Fusion 

Science Program in 12th 5 year plan 

• Supported R&D needed for ITER PA of China 

• Supported research capability enhancement of EAST/HL-2A 

Heating, diagnostics, in-vessel components, control… 

• Supported domestic research program on  EAST/HL-2A 

ITER-physics including Modeling and simulation 

International collaboration including ITPACTPA 

• Supported conceptual design and some R&D of CFETR 

• Supported education and training program for MF community 

University program (JTEXT, KTX, SUNIST) 

• Supported material and other key R&D 

Material research, remote handling, W-mono-block… 
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National Magnetic Confinement Fusion Science 

Program will be continuued in 13th 5 year plan 

It is emphasized to support ITER and CFETR related activities 

• ITER construction and operation 

PA of China, ITER physics and preparation of operation… 

• CFETR engineering design and key R&D 

Engineering design  

Key technologies and physics to support design 

• Key physics and technologies on EAST/HL-2A/2M to support 

ITER operation and CFETR design (including model 

validation) 

• Education and training program for MF community 
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Route Map of China Magnetic 

Confinement Fusion Energy Development 

  First phase：engineering test，Q=1-5， steady state, 200MW， 

 Second phase：Demo，Q>10；steady state，1GW，50dpa 

University  Program  

Advanced divertor, AT physics  

EAST 

HL-2M 

J-TEXT 

PFPP 

  First phase：Q=10；400s，500MW， D-T operation 

 Second phase：Q=5；3000s，350MW，steady state operation 

 （2025） 

（?20??） 

Advanced plasma configuration，long steady-state plasma operation 

ITER 

CFETR 

（2050） 
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Strategy of magnetically confined fusion and 

advanced nuclear energy  research in ASIPP 

 

High performance Steady 
state fusion plasma research 

Burning plasma related 
physics and advanced 
divertor  

Lead-based Reactor 

Power plant 
related issues 

HINEG-I 

Chinese Fusion  

Engineering Test Reactor 

？ EAST-Upgrade 

EAST 

ITER  

Fusion Reactor 

technology  

CFETR Design 

 R&D  
ITER package 

Engineering 

physics 

Nuclear 

technology 

and material 

INEST 
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Under support of National Magnetic 

Confinement Fusion Science Program 

EAST/HL2A research capabilities have 

been significantly enhanced 
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  Nominal Upgrade 

Tcoil (K) 4.5 3.8 

Bt (T) 3.5 4.0 

Ip (MA) 1 1.5 

R0 (m) 1.8 1.8 

a (m) 0.45 0.45 

κ 1.2–1.8 1.2–2 

 0.3–0.6 0.3–0.6 

 (s) 1000 1000 

Significant engineering efforts have been made for high 

performance long pulse operation. 

Provide supporting for ITER &CFETR 

EAST is the fusion device in the world capable of long pulse high performance 
operation with dominated electron heating (as in ITER) to challenge power and 
particle handling at high normalized levels (10 MW/m2) comparable to ITER. 
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NBI-2 

LHCD-1 

LHCD-2 

ICRH-1 

ICRH-2 

ECRH-1 

Heating & CD 
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 ITER-like RF-dominant H&CD, capable of high performance SS operations 
 Each individual power is sufficient to access H-mode plasmas 

 LHCD 4+6 MW（2.45/4.6GHz） 

 Fast Electron Source  

 Edge Current Drive /Profile 

 ICRH 6+6 MW （25-75MHz） 

 Ion and Electron Heating  

 Central Current Drive  

NBI 4+4 MW （co/counter, 80kV） 

 Sufficient power to probe β limit 

 Variable rotation/ rot-shear 

ECRH 2(4) MW （140GHz） 

 Dominant electron heating 

 Steering mirror, jϕ tailoring 



ASIPP 

PFC Upgrade Facilitates for High Power Long-

pulse Operations 

10 

• ITER-like cassette body structure with actively water cooling 

•  ITER-like W mono-blocks:  

• Divertor targets (10 MW/m2) 

• Flat type W/Cu PFCs:  

• Divertor dome and baffles  (5 MW/m2) 

W 

Mo 

C 

2014: W + Mo + C 



ASIPP 

Diagnostics for key profiles covering 

from core to edge 
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Polarimeter interferometer 

(POINT):  ne, jϕ, q, Bp profiles 

Core & edge TS: Te, ne 

AXUV & Bolometer: radiation 

CXRS & XCS: Ti, rotation 

SXPHA & ECE: Te 

Reflectometry: pedestal ne 

He-BES: edge ne, Te 

Recip.-LPs: SOL ne, Te, flow 

Filterscope: Dα, impurity 

Bremsstrahlung: Zeff 

FIDA: Vfast-particle 

High speed CCD 

IR camera: heat flux 

Div-LPs: div. particle/heat flux 

…… 

Total: 76 diagnostics 

Collaborative efforts 
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Technology for ELM control 

 RMP coil set-up:  8 (U) + 8 (L)=16 

coils; n = 1-3 rotating and n=1-4 non-

rotating.  

 Multi-Functions:   

Error Field correction (EFC) 

Resistive Wall Mode (RWM Control)  

Edge Localized Mode (ELM Control) 

3-D physics studies 

Li-aerosol 

 SMBI 

 Pellet 

 LHCD 
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Operation Scenarios of Fully Non-

Inductive H-mode has been developed 

 USN with W-Divertor  

 Fully Noninductive H-mode 
 RF only (no torque input) 

 Good confinement, H981.2 

 High heat-load resistant 

x Hot spot on RF guide-limiter  prevent 

long-pulse operation 
 

 

 

 

 

 

 

 RF +BNI for fully non-inductive H-mode 

 Good confinement, with H98 up to 1.5 
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Demonstration of  >60s H-mode discharges  

  RF heating, fully non-inductive  

 Good confinement H98(y2)~1.1; 

 Good control of impurity level 
Divertor heat flux was mostly 

controlled below 2.0 MW/m2 
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A new reversed field pinch KTX device in 

China 
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Supported by National Magnetic Confinement Fusion Science Program (2011-

2015) 

Construction completed in Aug. 1, 2015; First plasma achieved in Aug. 15, 

2015 

In conditioning:  Max 200kA, Max pulse length 22ms,  typical RFP discharge 

 

Major radius 1.4 m 

Minor radius 0.4 m 

Current 0.5-1.0 MA 

Pulse length   30-100 ms 

Loop voltage 20-100 V 

Magnetic flux 3-5 V٠S   

Temperature 
600-800 

eV 
Plasma 
density 

~ 1019 m-3  

Toroidal field  0.7 T 
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ITER PA of China 
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ITER packages in ASIPP 

 
 
 
 
 
 
 
 
 

Superconducting Conductors 

ITER Power supply 
Correction Coils  PF6 coil(EU) 

ITER Feeder 68 kA HTS current lead  
ITER feeder system 

All in mass-production phase and on schedule. 
Part of components and equipment on ITER site 
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Conceptual design and R&D of CFETR 

Chinese Fusion  Engineering Testing Reactor address two fusion reactor 
issues: Tritium self-sufficiency and steady-state operation. 

Vacuum vessel R&D RH system design 

CFETR integration design Synergistic design platform  

Magnet winding platform 
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140GHz,  1MW, CW 4.6 GHz, 0.3MW 

CS Model Coil –Nb3Sn 
Monoblock W/Cu  

5000 cycles at 10MW/m2  

300 cycles at 20MW/m2. 

VV 

27 
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CLAM for TBM 

University 

groups also 

deeply involved 

in material 

research  
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Refine self-consistent, reliable physical design  

Detailed engineering design (main machine and auxiliary systems) 

R & D for some key technologies and systems 

    (I): Blanket related to nuclear, thermal hydraulic processes 

   (II): magnets、T- factories、NBI, ICRF, ECRH、RH 

  (III): Experimental verification, diagnosis, control, divertor,  

         cryogenic, radiation protection and so on. 
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Engineering contribution to world fusion 

community 

WEST&ASDEX-U  ICRF antenna systems 

GA CSM FEEDER 

DIII-D 3D Coils Power Supply 

PPPL FLARE PROJECT 
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Remote third shift operation on EAST 

 

Also Collaborative center with WEST 

Broad participation from US, EU and A3 program on EAST 
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EAST steady-state scenarios supporting ITER and CFETR 

2016: Long-pulse H-mode up to 62 

s with H98~1.2 

EAST 

ITER 

Lo
n

g
 p

u
ls

e
 

 Long pulse H-mode plasmas(≥100s) with integrated control of heat/particle flux 
and ELM mitigation  

 Scenarios of steady-state high performance plasmas (H98>1.2) 

 Long pulse for > Twall to address critical issues of recycling and heat exhaust 

 Lower divertor solution  

2012: Long-pulse H-mode up to 28 s  
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What are need to support fusion reactor 

construction 

 

 

vacuum vessel 
magnet 

Heat: tens MW/m2, 
particle: 10^24/s.m2  

Energy: 

Tens GJ, 

GW in PF 

divertor 

TBM on 

ITER 

blanket 

Reactor core is an highly integrated complex system 
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We proposed… and agreed by…  

Superconductor and 
magnet testing facility  

• R&D for CFETR 

• For other large scale 
application 

• New technology 

High heat and particle 
flux testing facility  

• Divertor material  

• Module testing 

• Basic plasma 
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Future Activities 

1. Efforts on EAST/HL-2M  to deliver key physics for ITER and CFETR 

steady-state operation and beyond  
• Plasma control 

•Development of steady-state operation scenarios 

• Heat and particle exhaust:  PWI issues with tungsten divertor (ITER-like) 

•Heating  and current  drive, and diagnostics  

•Theory and simulation, model validation via experiment 

 

2. Fusion nuclear science and engineering for CFETR 
• Conceptual design and optimization (System study and optimization) 

•  Engineering design and key R&D 

• Nuclear science and technology (tritium breeding blanket ) 

• Materials 

 

3. Education and young scientist training 
• BPF for universities 

•International collaboration 

 



ASIPP 

Thank You 

38 


