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Introduction



Project: To establish your own tokamak reactor concept

Evaluation

• Attendance: 10%

• Homework: 10%

• Midterm exam: 20%

• Final exam: 30%

• Project: 30%
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Week 1. Review of Tokamak Reactor Concept

Week 2-4. Tokamak Reactor Critical Issues

Week 5. Blanket Concept

Week 6. First Wall Loading and Wall Impurity Effects

Week 7. Blanket Neutronics and Energetics

Week 9. Radioactivation

Week 10. Blanket Structure and Breeding Materials

Week 11-12. Types of Blanket in ITER and DEMO

Week 13. Plasma Facing Components

Week 14. Fuel Cycle System
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To build a sun on earth
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Magnetic confinement

plasma
pressure

gravitation

Equilibrium in the sun

plasma 
pressure

Plasma on earth
much, much smaller & tiny mass!

magnetic
field

• Imitation of the Sun on Earth
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Donut-shaped vacuum vessel

Tokamak
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Plasma needs to be confined
R0 = 6.2 m, a = 2.0 m in ITER

R0 a
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Tokamak

Applying toroidal magnetic field

5.3 T in ITER

Toroidal Field (TF) coil

　

Magnetic
field

ion



13

Tokamak
Toroidal Field (TF) coil

　

Magnetic
field

ion Magnetic field of earth?        
0.5 Gauss = 0.00005 T
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Tokamak
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Tokamak
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Tokamak
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Electric
field, E

ExB drift

ExB drift

Poloidal magnetic field required

Tokamak

ion
+++

- - -
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Then, how to?Tokamak .VS. StellaratorPlasma current → Tokamak
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Tokamak

Central Solenoid (CS)

Transformer
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Tokamak

Central Solenoid (CS)

Faraday‘s law

dsB
dt
dv

S
⋅−= ∫Transformer
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Tokamak

Central Solenoid (CS)

Plasma

Faraday‘s law

dsB
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Poloidal field
Pulsed Operation!

Tokamak

Central Solenoid (CS)

Faraday‘s law

dsB
dt
dv

S
⋅−= ∫

Plasma



Plasma Current

PF Coil Flux
[Wb]

[MA]

t(s)

t(s)

Pulsed Operation

Power Supply Limit

Inherent drawback of Tokamak!

Faraday‘s law

dsB
dt
dv

S
⋅−= ∫
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Adding vertical field 
coils (PF)

Tokamak

coil coil

currentcurrent

Force
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Tokamak

X
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●
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X
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PF coils

coil coil
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Force

Plasma shaping by PF coils



Tokamak

27



28

Adding vertical field 
coils (PF)

Plasma shaping by PF coils

Tokamak
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Toroidalnaja kamera magnitnaja katushka
(Toroidal chamber magnetic coil)

Invented by Tamm and Sakharov in 1952

Tokamak
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Toroidalnaja kamera magnitnaja katushka
(Toroidal chamber magnetic coil)

Invented by Tamm and Sakharov in 1952

Tokamak

Cutaway of the Toroidal Chamber in 
Artsimovitch's Paper Research on 

Controlled Nuclear Fusion in the USSR
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JET (Joint European Torus): R0=3m, a=0.9m, 1983-today

Tokamak
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JET (Joint European Torus): R0=3m, a=0.9m, 1983-today

Tokamak
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Neutron
(14 MeV)

Blanket

Deuterium

Tritium

Coolant

Tritium

Lithium

Fusion Power Plant (FPP) System
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Fusion reactor 
system

Heat transfer & 
Fuel cycle system

Power conversion
system

Burning plasma

Fusion Power Plant (FPP) System



Material

Continuous 
operation

Power 
dispersion

High plant 
efficiency

High fuel 
purity

High fusion power

Tritium 
treatment

Requirements for FPP
Burning plasma
requirements
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Burning Plasma Requirements
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