
ED2240 Introduktionskurs till 
fusionsteknologi 6,0 hp
Introduction Course to Fusion Technology

Fastställande
Kursplan för ED2240 gäller från och med VT10

Betygsskala
A, B, C, D, E, FX, F

Utbildningsnivå
Avancerad nivå

Huvudområden
Elektroteknik, Fysik, Teknisk fysik

Särskild behörighet
Students with good knowledge of physics and electromagnetics.

Undervisningsspråk
Undervisningsspråk anges i kurstillfällesinformationen i kurs- och programkatalogen.

Lärandemål
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Under terrestrial conditions fusion plasmas must be surrounded by walls of a vacuum vessel 
and confined by strong external forces such as high power beams or magnetic fields. Energy 
stored in magnetically confined plasmas and the enormous temperature gradients between 
the plasma and the wall pose very severe requirements regarding the plasma edge shaping 
and selection of the most relevant materials for a thermonuclear fusion reactor. In future 
reactor devices, such as International Thermonuclear Experimental Reactor (ITER), the 
interaction of the plasma with surrounding materials in the vacuum vessel constitutes one 
of the main remaining engineering problems.

An additional goal of the course is to give the student better grounds for:

 • Presentation of results and ideas;
 • Communication with scientific and technical staff at fusion laboratories;
 • Communication with teachers and students at summer schools on fusion plasma physics;
 • Solving scientific or technical problems in fusion science and technology.

Kursinnehåll
Fusion Technology: Scope of the field.

Scope and structure of the course, requirements for approval.

Introduction to fusion and reactor construction: D-T fusion and energy release, main reactor 
components.

Underlying physics and chemistry in plasma – material interactions.

Mechanisms of wall erosion and their impact on plasma contamination: Erosion and re-de-
position, mechanisms (underlying physics), erosion yield and material lifetime. Dust forma-
tion and risk related to dust. Fuel inventory.

Power loads and power handling in steady-state operation and in transient events

Wall components for a reactor-class machine: structure, testing of wall materials and com-
ponents, test-beds.

Selection of armour materials for controlled fusion devices.

Materials for diagnostic components: ceramics.

Radiation induced damage in fusion reactor materials: definitions: displacement per atom, 
transmutation, neutron-induced effects (details), influence on ceramic materials.

Concept of IFMIF (International Fusion Material Irradiation Facility).

Tritium breeding blanket: blanket structure, structural and functional materials.

Tritium handling: tritium plant, remote handling and safety aspects.

Analysis of fusion reactor materials: methods for surface and bulk analysis, instrumentation 
(visit to laboratory).

Organisation and coordination of Fusion Research (Technology & Material Programme).
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Kursupplägg
An additional goal of the course is to give the student better grounds for:

 • Presentation of results and ideas;
 • Communication with scientific and technical staff at fusion laboratories;
 • Communication with teachers and students at summer schools on fusion plasma physics;
 • Solving scientific or technical problems in fusion science and technology.

Kurslitteratur
ITER Physics Basis, Nuclear Fusion, Special Issue 2008.

Monograph: “Physical Processes of the Interaction of Fusion Plasmas with Solids”, W. 
Hofer and J. Roth (eds), Academic Press 1996.

Review articles in the field fusion reactor materials

 • Nuclear Fusion 41 (2001) 1697.
 • Tutorial articles from Carolus Magnus Summer School (Fusion Science and Technology, 

vol. 53, T2, 2008  
 • Selected articles from Journal Nuclear Materials.

Examination
 • SEM1 - Seminarier, 2,0 hp, betygsskala: A, B, C, D, E, FX, F
 • TEN2 - Tentamen, 2,0 hp, betygsskala: A, B, C, D, E, FX, F
 • TEN1 - Skriftlig tentamen, 2,0 hp, betygsskala: A, B, C, D, E, FX, F
Examinator beslutar, baserat på rekommendation från KTH:s handläggare av stöd till stu-
denter med funktionsnedsättning, om eventuell anpassad examination för studenter med 
dokumenterad, varaktig funktionsnedsättning.

Examinator får medge annan examinationsform vid omexamination av enstaka studenter.

När kurs inte längre ges har student möjlighet att examineras under ytterligare två läsår.

Test (intermediate and final).

Presentation of problem solving (seminar).

To reach the learning objectives the student should:

 • Participate actively in the course and prepare for discussion sessions
 • Prepare and deliver two structured presentations (student seminars).
 • Pass an intermediate test (70%)  and final exam.
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 • Elaborate and present a project: oral presentation and report.

Övriga krav för slutbetyg
When completing the course, the students should be able to:

 • Describe and distinguish different mechanisms of wall erosion and fuel retention.
 • Explain and assess the impact of physical and chemical processes on erosion of wall 

material.
 • Critically assess and motivate material choice for respective plasma-facing components.
·         Compare and assess fuel inventory in different wall materials and assess its impact on 
the fuel cycle.

 • Evaluate power loads to the wall during normal operation, disruptions and edge localised 
modes.

 • Relate thermo-mechanical properties of materials (CFC, W, Be) to their response to power 
loads and

 • Relate wall erosion to its impact on plasma operation.
 • Explain causes for dust formation and assess the risk of such process for the reactor 

operation.
 • Select methods for studies (analysis) and qualification of wall materials.
 • Apply knowledge to experiment planning and conceptual design of: diagnostic for ero-

sion-deposition measurement and propose the use of diagnostic for specific experiments in 
a controlled fusion device; plasma-facing components for testing under reactor conditions.

Etiskt förhållningssätt
 • Vid grupparbete har alla i gruppen ansvar för gruppens arbete.
 • Vid examination ska varje student ärligt redovisa hjälp som erhållits och källor som 

använts.
 • Vid muntlig examination ska varje student kunna redogöra för hela uppgiften och hela 

lösningen.
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