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Advanced material
and plasma wall interaction
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Advanced material

® Requirements

— Low activation

— High heat conductivity
= Minimal swelling

® Advanced material

— Reduced-activation ferritic steels (RAFS, RAFM)
— Vanadium alloys

— SIC/SiC composites
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® Ferritic board (F83H: ferromagnetic) for ripple reduction in
AMTEX(Advanced Material Tokamak Experiment) at JFT-2M
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Reduced-activation ferritic steel

® Ferritic board (F83H: ferromagnetic) for ripple reduction in
AMTEX(Advanced Material Tokamak Experiment) at JFT-2M
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Reduced-activation ferritic steel

® Ferritic board (F83H: ferromagnetic) for ripple reduction in
AMTEX(Advanced Material Tokamak Experiment) at JFT-2M
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Advanced material

® Vanadium alloys

— Principal structural material of the ARIES-RS (USA)

— Embrittlement caused by the occlusion of hydrogen
or helium during the tokamak operation

® SIC/SIC composites
- DREAM (JAERI), ARIES-I
= Characteristics of Plasma-wall interaction not identified
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Development of component technology

—

for tokamak type fusion reactor
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Development of component technology
for tokamak type fusion reactor

® Technologies of tokamak component

— Blanket Technology:
to develop the blanket that surrounds plasma and converts the kinetic
energy of neutrons and other particles into heat and also shields
the superconducting magnets from radiation

— Plasma Facing Components Technology:
to develop the divertor that captures the high-energy particles and
absorbs the heat load from plasma

— Reactor Structural Technology:
to develop the vacuum vessel and support structures that will sustain
the high vacuum for generation of plasma and contain the blanket
and divertor

— Superconducting Magnet Technology:
to develop the superconducting magnet that provide magnetic field to
confine plasma, which is a magnetohydrodynamic fluid, and induces
a current in the plasma by varying the magnetic field
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Development of component techn
for tokamak type fusion reactor

® Component technologies related to the tokamak
— Auxiliary Heating and Current Drive Equipment Technology:
to heat the plasma and drive the plasma current

— Plasma Measurement Technology: to measure the temperature and

density of plasma to form and control the plasma
— Fuel Injection and Exhaust Technology:
to inject and exhaust fuel
— Tritium Engineering /Safety Technology:
to recycle tritium safely, which is radioactive and
do not exist naturally
— Remote Maintenance Technology:
to remotely maintain and repair the components
that are radio-activated by neutrons generated from
the plasma. Furthermore, toward the safety review
for licensing and the future power reactor
development
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Development of component technology
for tokamak type fusion reactor

® Component technologies related to the tokamak

— Preparation of safety standards required for safety review for licensing,
and data and evaluation methods required for safety evaluation

— Research and development of the Tritium breeding blankets for the
future power reactors

— Development of first wall materials are required.
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' Phased integration of reactor technology
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' Phased integration of reactor technology
development

50 years
The Fast Track Approach
&

The Broader Approach

DEMO/PROTO
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eactor technology

The broader approach leading to construction of DEMO

(assuming a Fast Track to fusion power)
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' Phased integration of reactor technology
development
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Phased integration of reactor technology

development

Stmtegzc Timeline—Fusion Energy Sciences*
19 2011 2013

2015 2017 2019 2021

Th 7

e Science

Burning Plasma Demonstration T N T . Ackiove bigh laion poser
\.-'-wlﬂrpua-a-' Faalir: ITER 0 drrsio pleieni ks ’ e fior bomg dusrmibons on TTFR
(BT v sy ipnonieen and ol T U AT ol s e oy
baarm prevspagation s [FE narge reuired iur am oneme " e :nplmmmllm-u

v bl plben L2002 poond scing plams (20170

z * S s el e ——— | =
Fundamentals of Plasma Behavior Tokamaks & supifianse s sl pnsin of T o prsfind Fusion
I-:: . “"I o I;" ": 'm:: * Dieliver & cnmples mogrand
Ak b i ol il et icarg O e Tricy e e """" - simmislation of & poset grodicing H H
tohammah et aned sy oo pee ;ﬂ-m&;Lh; I:-:-‘l:i'-::ﬂr: ﬂ.u,.L:Lﬁu.-Lliiu 4 Slm u lat'ﬂn
ITER plai s (2004 i : v ifhaiiien wesles, o i g -
plmii apcimeri (00 -_:ﬂ:.ill.n-mph..lhﬁump&_—uu il v ".-.:lim:'-l -.'“_’ﬁ: Pro]ect

= Evalimne che abafiry off dor cmmpa
e et TR L

i

Next-Step

Advanced
i g sl e I-J.ﬁ'h—'l‘:’.!n‘-.p m"u...l'h.l Ncsx
oy 4 Facility

- S Sl = Reosadve ko soocniile: imancs snd dotcoming ihe
T - ’hlp-'f_ fellbommliol armiienmers charsces ragics .-1.1‘.1;-.4
wcadhy-siane opesaaion lor TTER (M) e T ve (2015}

= Frdhaate ths feanilinyiattnaaivenos of poomtal drvon.
10l oy W b, demae plais haamma, sndd b
(5] I'm-:niﬂv'-ul'm iy -h‘h vy dimibey {2009

® Doy ITER fis = Laplens |

Plasma Confinement

wmcilirmr o

-

Dictermine the pocemzial of one or moe of the
promisdag phms coafigurstion (for comple
2 spherical somes) for use ax @ composo s
faalury of 2 fusion power warge [2020)

A b s tion, high

NST

o il ol nomaemgg oy [ TER o

Materials, Components, and Techmologies oot g o e
e i weibuicwip flasoen plamits .'.'\lllnl'r-mu‘
[ — rgh- srmporau i iy plapman
i Component -~

= Lawnglonr G rosomd of nossing s

® Searn producnon [ T s PO By 0
i neded For [T ER angres | 2008} Jh,_‘“.. T Est .qunm Mﬁ:ﬂ: Illi'd-*l
plosenm ! ke o i g b oy aomlun
ELET == H H o bisgies. s lor @ e
o sy g Facility g Bl

s e RS

“The Development Path for Magnetic Fusion Energy” by
R. Goldston (Director, PPPL) Global Climate and Energy
Thene esegi mvlsone are il Project Worksho on Fusion Energy (1 May, 2006)

"*For mare derail an these Bacilities 19

Kawiliviea for vhe Favwwe of Selemies A Jweniy- Year Ustiook. i

Future Facilitie




	Fusion Reactor Technology II�(459.761, 3 Credits)
	Contents
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

