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16.1 Prinzip der Kernfusion
16.2 Energieerzeugung in der Sonne
16.3 Wege zur Realisierung der gesteuerten

Kernfusion
16.4 Magnetischer Einschluss (Tokamak-Prinzip)
16.5 Trägheitseinschluss
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16.3   Gesteuerte Kernfusion

Forderung (Lawson‘s Bedingung) für D-T Fusion: 

nτ ≥ 1014 s/cm3 n …. Dichte (Zahl der Kerne/cm3)
τ …. Confinement Zeit 

1. Magnetischer Einschluss des Plasmas (T ~ 108 K):
für 1 Sekunde (magnetische Flasche) → 1014 Atome/cm3

(entspricht 10-5 mal der Dichte von Luft)
TOKOMAK: TOrois-KAmera-MAgnit-Katushka

(toroidal chamber and magnetic coil)
1952 in Russland entwickelt
Stellarator: andere Magnetfeld Konfiguration

2. Trägheitseinschluss des Fusionsplasmas (T ~ 108 K):
aufheizen des Plasmas durch Laserstrahlung
für 10-11 Sekunden (Mikro-Explosion) → 1025 Atome/cm3

(entspricht  ~ 1000 mal Dichte von flüssigem DT)
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Bemerkung: JET (Joint European Torus in Culham, UK):
in Pulsen von ca. 2 Sekunden Dauer, Spitzenleistung von 16MV
verwirklicht, entspricht ca. 62% der eingesetzten Heizleistung
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International Project:
1985: Soviet Union, USA,
Europe, Japan
Today: 7 ITER Partner:
European Union (+CH),
Japan,Russia, China, South-
Korea, India, USA

Technical
 Demonstrate extended burn of Deuterium-Tritium plasma, with

steady state as the ultimate goal.
 Integrate and test all essential fusion power reactor

technologies and components.
 Demonstrate safety and environmental acceptability of fusion.

Demonstrate the scientific
and technological

feasibility of fusion energy
for peaceful purpose

Total fusion power 500 MW (700MW)
Plasma  radius 6.2 m
Total Radius 10.7 m
Total Height 30 m
Toroidal magnetic field 5.3 T
Plasma volume 837 m3

Plasma mass 0.5 g
Temperature 108 K

ITER Parameters

TOKAMAK 
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Mission of ITER

 Up to steady state fusion power production.

 Plasma makes 10x more power than needed to run it.

 Optimize plasma behavior.

 Have dimensions comparable to a power station.

 Produce about 500 MW of fusion power.

 Demonstrate or develop all the new technologies required
for fusion power stations, except materials endurance.

 Obtain license for construction and operation.

 Operate for about 20 years.

 Cost about €5bn to construct (over 9 years) and €5bn to
operate (about 20 years) and decommission (total €10bn).

Cadarache Site (F): decided in 2006
Took 5 years to decide

First plasma in 2016?

ITER is not an electrical power
producing reactor

If ITER is successful:
Start DEMO Fusion Project
(design 2020 → start 2035)

If ITER and DEMO are successful: 
commercial fusion power station not before 2060 (status 11/2006)
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16.5 Trägheitseinschluss des Fusionsplasmas


