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Tokamak

® The name tokamak comes from the Russian words toroidalnaya kamera
magnitnaya katushka meaning “toroidal chamber magnetic coils.”

® |t was developed by a team led by Academician Lev Artsimovich on an idea of
Andrei Sakharov and Igor Tamm in 1952.

® This device was unveiled at the 1958 Geneva Conference. The tokamak turned
out to be the one that worked the best and is the leading type of magnetic
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Basic features

® There are two main magnetic fields. One of them, known as the toroidal field, is
produced by a copper (or superconducting) coil wound in the shape of a torus.
The second magnetic field, the poloidal field, is generated by an electric current
that flows in the plasma. This current is induced by a transformer action.
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Need for poloidal field

® Confinement is not possible with a purely toroidal field because the VB and
curvature drifts.

® \When a poloidal field is superimposed on the toroidal field, the radial
displacement due to the curvature and VB drifts is averaged ouit.
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Equilibrium and magnetic flux surface

® The basic condition for equilibrium is that the magnetic force balances the force
due to the plasma pressure.

JXB=Vp

® |n studying tokamak equilibria, it is convenient to introduce the poloidal magnetic
flux function ¥. The y satisfies

B-Vy =0

Magnetic flux
surfaces
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Radial force imbalance

® Since the external surface is an isobaric surface, the kinetic pressure is uniform
over the surface. However, the magnetic pressure varies over the surface.
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Adding vertical field

® The vertical field interacts with the plasma current I (which is out of the page) to
produce an inward force.
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Making good curvature for vertical stability

® The radial component of the vertical field must be configured so as to interact
with the plasma current to provide a restoring force
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Adding PF (poloidal field) coils
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Plasma shape control by PF coil currents
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Plasma shape control by PF coil currents
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Basic tokamak operation

Central Solenoid (CS)
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Basic tokamak operation

Central Solenoid (CS)
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Basic tokamak operation

Central Solenoid (CS)
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Pulsed operation

Faraday's law
Plasma Current

(MA) 4 Y d B.ds

o dt s

» t (S)

CS Coil Current i
(kA) 4 [

Power Supply Limit

» t(S)

Inherent drawback of Tokamak!
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Steady-state operation

Plasma Current
(MA) 4

—

CS Coil Current i
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Safety factor q

® The safety factor, labeled g, is the ratio of the times a particular magnetic field
line travels around a toroidal confinement area's "long way" (toroidally) to the
"short way" (poloidally). It plays in determining stability.

do 1 1 B; r B, \
q:—:—f——ds:—— (®)
2n 2m ) RB, R B,
Number of toroidal orbits per poloidal orbit

® Kruscal-Shafranov limit: g > 1 for kink-stability
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Banana orbits: mirroring effect

® |deally, particles travel along helical field lines on a magnetic surface and never
leave it. However, magnetic mirroring prevents this (banana orbit).

Projection of poloidally
trapped ion trajectory
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Neoclassical diffusion

® \When an ion makes a collision, instead of jumping from one Larmor orbit to an
adjacent one, it jumps from one banana orbit to the next; and banana orbits are
much wider. Instead of the very slow rate of “classical” diffusion, the rate of
plasma transport across the magnetic field is much faster in a torus than in a
straight cylinder.

® |t turns out that the banana width is approximately the Larmor radius of an ion
calculated with B, instead of B,.
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Heating
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Major tokamak researches

JET (Joint European Torus) TFTR (Tokamak Fusion Test Reactor)
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History of fusion researches in Korea

23
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First Tokamak: SNUT-79
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Other tokamaks

KT-1 (KAERI, 1985)
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VEST: 1st spherical tokamak in Korea (Since 2011)

® VEST (Versatile Experiment Spherical Torus): 1st spherical tokamak in Korea
(since 2011) dedicated to basic researches on a compact, high-B ST with

elongated chamber in partial solenoid configuration
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VEST: 1st spherical tokamak in Korea (Since 2011)

® The first and only ST device in Korea
» Basic research on a compact, high-B ST (Spherical Torus)
= Study on innovative start-up, non-inductive H&CD, high 3,

disruption, energetic particle, innovative divertor concept, etc

® Specifications

4 .
—y :
[+ R
A S
T
| ey

| fi‘ . Toroidal B Field 0.05-0.19 T <0.3T
o I Major Radius 0.45m 0.4 m
h : . Minor Radius 0.33m 0.3m
& 7 Aspect Ratio >1.36 >1.33
Plasma Current <170 kA <300 kA
ECH (7.9GHz, 3kW)

ECH (2.45GHz, 30kW)
NBI ( 20keV, 1.2MW)
LHFW (500MHz,200kW)

H&CD ECH (2.45GHz, 15kW)
(ECH, NBI, LHFW) NBI (15keV, 600kW)
LHFW (500MHz, 10kW)
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History of VEST discharges

»  #2946: First plasma (Jan. 2013)
« #10508: Hydrogen glow discharge cleaning (Nov. 2014)

« #19351: Slower ramp-up and diverted plasma (May 2018)
« #23907 : Higher TF discharge (Oct. 2019)
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History of VEST discharges

N Helicity injection

< Diverted plasma (#21193)
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Initiation of KSTAR project based on ‘Mid-entry strategy’
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KSTAR

® Korea Superconducting Tokamak Advanced Research
® R,=1.8m, a=0.5m, 2008-today
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KSTAR

¢ Korea Superconducting Tokamak Advanced Research
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Large tokamaks in the world
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Increase of the triple product nTt with year

® A controlled fusion reaction requires holding together for a long enough time a
plasma that is hot enough and dense enough.

® Over the years, over 200 tokamaks have been built, and the value of nTt

achieved in each has been calculated.

® Most of this increase has come from the confinement time.
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Tritium operation (1997)

® [n tritium experiments performed at JET in 1997, the fusion output reaches a
record value of about 16 MW, lasting for a few seconds. This was still not a self-
sustaining fusion reaction because it had more than 20 MW of external heating.

Fusion power (MW)

When various transient effects are taken into account, the calculated ratio of the
nuclear fusion power to the effective input power is close to 1—the long-sought
conditions of breakeven.
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Tritium operation (2022)

Nature | Vol 602 | 17 February 2022 | 371

NEWS | 09 February 2022

Nuclear-fusion reactor smashes

energy record

The experimental Joint European Torus has doubled the record for the amount of energy

made from fusing atoms — the process that powers the Sun.
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Empirical scaling

® Data from many tokamaks over a wide range of different conditions are analyzed
using statistical methods to determine the dependence of quantities like energy
confinement time on parameters that include the current, heating power,
magnetic field, and plasma dimensions.
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Text of the Joint U.S.-Soviet Statement: ‘Greater Understanding Achieved’

Spectal 10 The New York Times

GENEVA, Nov. 21 — Following is
the text of the joint Soviet-American
statement at the end of the summit
meeting today, as made public by the
White House:

In this connection the two sides
have confirmed the importance of an
ongoing dialogue, reflecting their
strong desire to seek common g
on existing problems

'hey agreed to meet again in the
nearest future. The General Secre-

ple of 50 percent reductions in the nu
clear arms of the US. and the
U.S.S.R. appropriately applied, we
--u 23 the idea of an Interim LN.F.

firmed that they are in favor of a gen-
eral and complete prohibition of
chemical weapons and the destruc-
tion of existing stockpiles of such
weapons. They agreed to accelerate
efforts to conclude an effective and

Duﬂng lhe negotiation of mae
ell tive

tary accepted ion by the

By m the Presi-
dent of Lhe United States, Ronald
Reagan, and the General Secretary of
the Central, Committee of the Com-
munist Party of the Soviet Union, Mi-
khail S. Gorbachev, met in Geneva
Nov. 19-21. Attending the meeting on
the U.S. side were Secretary of State
George P. Shultz; chief of staff, Don-
ad T, Regln Assistant to the Presi-
dent, Robert C. McFarlane; Ambas-
sador to the U.S.S.R., Arthur A. Hart-
man; special adviser to the President
and the Secretary of stn(e Ior Arms
Control, Paul H. Sec-

Fusion Research

The two leaders

F nt of the Unlled States to visit
the United States of America, and the
President of the United States ac-
cepted an invitation by the G
Srnvlnry of the Central Committee
lhe(l’ \ .mvir!hl’l"(.f::Slﬂllﬂ| -
Union. Arrangements for the timing
of the vislu will be agreed upon
through diplomatic channels.

with obll-
galkmsnmlmcd will be agreed upon.

Risk Reduction Centers

The sides agreed to study the ques-
tion at the expert level of centers to
reduce nuclear risk taking into ac-
count the issues and dtvelnpmems in
the negotiations. They took

In their
reached on a number of rpu:mc
issues. Areas of agreement are regis-
tered on the following pages.

emphasized the

potential importance of the work
aimed at utilizing controlled thermio
nuclear fusion for peaceful purposes

and, in this connection,

advocated the

widest practicable development of in-
ternational cooperation in obtaining
this source of encryy, which is essen
tialy inexhaustible, for the benefit for

all mankind

in such recent steps in
this drmm as the modernization of
the Soviet-U.S. hot line.

Nuclear Nonproliferation

General Secretary Gorbachey and
President - Reagan reaffirmed the
commitment of the U.S.S.R. and the
U.S. to the Treaty on the Nonprolifer-
ation of Nuclear Weapons and their

on
this matter.

The two sides agreed to intensify
bilateral discussions on the level of
experts on all aspects of such a chem-
ical weapons ban, including the ques
tion of verification. They agreed to
initiate a dialogue on preventing the
proliferation of chemical weapons.

Mutual Basic
Force Reduction

The two sides emphasized the im-
portance they attach to the Vienna
(M.B.F.R.) negotiations and ex-

pressed their willingness to work for
pmnive results.

C.D.E.

interest in together
wlmmjmcomlma the nonprolifera-
tion regime, in further enhanci

the ellectlvm of the treaty, inter
alia by enlarging its membershij r

The U.S.S.R. and the U.S. reaffirm
their commitment, assumed by them
under the Treaty on the Nonprolifera.
tion of Nuclear Weapons, to
negotiations in good faith on matters
of nuclear arms limitation and disar-
mament in accordance with Article
VI of the treaty.

The two sides plan to continue to
promote the strengthening of the ln
ternational Atomic Energy
and to support the activities of lhr
agency in implementing safeguards
as weil as in promoting the peaceful
uses of nuclear energy.

They view positively the practice of
regular Soviet-U.S. consultations on
nonproliferation of nuclear weapons,
which have been businesslike and
constructive, and express their intent
to continue this practice in the future.

Chemical Weapons

In the context of discussing se-
curity problems, the two sides reaf

to the
Stockholm Conlemtce on Confidence
and Security Building Measures and
Disarmament in Ewrope and noting
progress made there, the two
sides stated their intention to facili-
tate, together with the other partici-
pating states, an early and successful
completion of the work of the confer-
ence. To this end, they realfirmed the
need for a document which would in-
clude mutually acceptable confidence
and security building measures and
gave concrete expression and effort
to the principle of nonuse of force

Process of Dialogue

President Reagan and General Sec-
retary Gorbachey agreed on the need
to place on a regular basis and inten-
sify dialogue at various levels, Along
with meetings between the leaders of
the two countries, this envi
meetings  between

ministries and departments in such
fields as agriculture, housing and pro-
tection of the environment have been
useful.

Recognizing that exchanges of
views on regional issues on the expert
level have proven useful, they agreed
to continue such exchanges on a regu-
lar basis.

The sides intend to expand the pro-
grams of bilateral cultural, educa-
tional and scientific-technical ex-
changes, and also to develop trade
and economic ties. The President of
the United States and the General
Secretary of the Central Committee
of the C.P.S.U. attended the :Iyung
of the Agreement on Contacts and Ex-
changes in_Scientific, Educational
and Cultural Fields.

They agreed on the importance of
resolving humumamn cases in the
spirit of cooperation

They believe that ‘there should be
greater understanding among our
peoples and that to this end they will
encourage greater travel and people-
to-people contact.

Northern Pacific

They
tions fron
Soviet U [
aimed at
The two
sire to

— a global task — through joint re
search and practical measures. In ac
cordance with the existing U.S

Soviet agreement in this area, consul
tations will be held next year in Mos
cow and Washington on specific pro-
grams of cooperation.

Exchange Initiatives

The two leaders agreed on the util
ity of broadening exchanges and con
tacts including some of their new
forms in a number of scientific,
educational, medical and sports
fields (inter alia, cooperation in the
development of educational ex-
changes and software for elementary
and secondary school instruction;
measures to promote Russian lan
guage studies in the United States and
English language studies in the
U.S.S_R.; the annual exchange of pro-
fessors to conduct special courses in
history, culture and economics at the
relevant departmeénts of Soviet and
American institwtions of higher
education; mutual allocation of schol
arships for the best students in the

AE) Lsiins

LIn TESGaR
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ITER

® International Thermonuclear Experimental Reactor, “The way” in Latin.

S &1 "HEX MO s O DSt o= H=3ELL
o o —_ o o = —_
¢ —|'||'5'|=| = |_-| 7|'c> o= J_|—|'—|I' = Oﬁl'—l—E |:|oO|'|_
R = Al ol o
A FHE o/ U
Central. Blanket Module
Solenoid = r 421 modules
Nb;Snh, 6 4y >
modules Vacuum Vessel
9 sectors
Outer Intercoil
Cryostat

Structure
24 m high x 28 m dia.

Toroidal Field Coil

Port Plug (IC
Nb,Sn, 18, wedged ;
= wadae Heating)
6 heating
Nb-Ti, 6 2 limiters/RH
rem.
Machine Gravity Supports < . : Hiagrostics
(recently remodelled)  =—— V) T e % g Torus Cryopump
= 4 S —— 8, rearranged

Divertor
54 cassettes

2R QA MACAM 7HE 2 = RlssZEEME

SEQUL
NATIGNAL
UNIVERSITY

Introduction to Nuclear Engineering, Fall 2022



"Ml ITER Parties

ITER AIRH2| =718 Z48H| £5
(SH1: %) 20094 68 7|Z.

gh= 0=

SESEEY) BEEE

olE= ol A0}
45.46 54.54

ARl 2t 20161709 22

0y
European
Union

Rl (si702 2)

People’s Republic Japan
L ? 14 .
- ofChina gepypiic
-’ of Korea
India

g BSNs|ss

http:/ /blog.naver.com /science_u

40

¥ NATIONAL
UNIVERSITY

Introduction to Nuclear Engineering, Fall 2022



39 Buildings,

180 hectares

10 years of construction
20 years of operation
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ITER

Tokamak Complex
(28 August 2014)
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June 19, 2017

N
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ITER parameters

1998 2001 2011
Parameter Proposal Proposal  Baseline Units
Plasma major radius R 8.14 6.2 6.2 m
Plasma minor radius a 2.8 2.0 2.0 m
Plasma volume v 2000 870 870 m?
Toroidal magnetic field B 5.68 53 5.3 T
{at plasma axis)
% i Plasma current | 21 15 15 MA
Y, T Safety factor 3 3 3
™ .} ng!{n ! !
;% =18 Vertical elongation K 1.6 1.8 1.8
E —_
B LS |

I : Average plasma/ B 2230 25 25 %

i magnetic pressure

E Normalized beta B 1.77 2

B

?: Average electron density  n, 0.98 1 1 10%m™

= Average ion temperature  T; 13 8 2 keV
Energy confinement time 7, 59 1.7 37 s
Energy multiplication Q Ignition 10 10
factor
Fusion power P 1500 500 500 MW
Alpha particle heating P, 300 80 100 MW
External heating power Pow O 50 50 MW
at
Planned external heating 100 73 73 MW
power
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ITER operating space

® |TER’s goal is to achieve Q = 10, i.e., 500 MW of fusion power with 50 MW of
external heating power.
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ITER diagnostics

X-Ray Survey Spectrometer

Edge Thomson

Imaging VUV Spectroscopy Scattering

Motional Stark Effect
X-Ray Crystal Spectroscopy Toroidal Interferometer
Divertor VUV Spectroscopy

X-Ray Survey
Electron Cyclotron Emmission

Neutral Particle Analyser

{ 2B  aF Wide Angle Viewing/IR
Core VUV Monitor i a0 i
Reflectometry v - - . Lost Alpha Particle Detector
Bolometers s X-point LIDAR

Thermocouples ' . :
Divertor Reflectometry Pressure Gauges Divertor Thomson Scattering
Langmuir Probes Plasma Position Reflectometry

Magnetic Diagnostic Coils and Loops
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Fast track approach
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Fusion energy development plan

Scientific . Technical . Demonstration . Commercial
feasibility ' feasibility ' power plant " | power plant
JET, TFTR ITER DEMO
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Fusion power plant
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Engineering issues: First wall

The first walls (plasma facing components, PFCs) have to withstand a
tremendous amount of heat from the plasma and yet must not contaminate the
plasma and be compatible with the fusion products that impinge on them.

The first-wall material must not absorb tritium and must have a low atomic
number, take high temperatures, and be resistant to erosion, sputtering, and
neutron damage.

CFC (carbon fiber composite): light, strong, high melting point, but tritium
absorption (formation of hydrocarbon)

Tungsten: high melting point, but high-Z (radiation 10SS) =T TE

_.(
i B

Beryllium: Low-Z, but low melting point

Loads on the first wall

ITER DEMO  Reactor  Units e | [ R
Fusion power 0.5 2.5 5 GW il 1 e
Heat flux 0.3 0.5 0.5 MW/m? PN N :
Neutron load 078 <2 2 MW/m? sttt Wy L Ll L
Neutron load in life 0.07 8 15 MW-years/m* 5 FE T LT .
Neutron damage <3 80 150 dpa e [ W =
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Engineering issues: First wall

® Silicon carbide (SiC) is a promising material that has been studied extensively in
the laboratory but does not have a known method for manufacturing in large
guantities.

® Temperature range of various wall materials under irradiation (the swelling and
fracture effects caused by neutrons are included)

SiC/SiC -
Tungsten -:
Molybdenum -]

ODS Ferritic

#M Ston 1

J16 Stainless

0 20 400 o600 8300 1000 1200 1400 1600
Operating Temperature (°C)
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Engineering issues: Divertor

® Sixty percent of the plasma exhaust is designed to go into the “divertor,” thus
sparing the first wall from the major part of the heat load.

® The heat load on the divertor surfaces is huge, some 20 MW/m?, so the cooling
system is an important part of the design.

® \Water-cooled for ITER, He-cooled for reactors.

Tungsten

CuCrZr =

FIRSTWALL

CuCrZr

DIVERTOR
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Engineering issues: Blanket

® Three major purposes of a blanket: (1) capture the neutrons generated by fusion

and convert their energy into heat, (2) produce the tritium to fuel the DT reaction,
and (3) shield the superconducting magnets from the neutrons.

Li® Q 2.1 MeV
® ——&"

Be®
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Engineering issues: Tritium fuel cycle

® Tritium leaves the tokamak in two paths — either through the vacuum pumps,

including those pumping the divertor, or through the first wall (FW) and the
blanket.

® Fueling is done by injecting frozen pellets of tritium and deuterium at sufficient
velocity to reach the center of the plasma.

To new

plants < T storage and @ Fueling
management system

Startup s

Inventory W

Impurity separation )
and @ Exhaust Processing

Isotope separation system

|
|
T waste |
treatment |

— — o —

] I 1

<, e
Ir .
: Blanket
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Engineering issues: Superconducting magnets

® Superconductors have zero resistivity, and once the current has been started in
them, it will keep going almost forever.

® Superconductors (NbTi and Nb;Sn) have to be cooled below 4.2 K with liquid
helium. A cryogenic plant has to be built to supply the liquid helium, and the
magnet coils (and hence the whole machine) have to be enclosed in a cryostat
to insulate them from room temperature.

® High-temperature superconductors (> 77K) need to be developed.

“‘,_ " TF Coils
2

CS Coils

o B @ PF&CC Coils

a
NbTi wires
p— 'a“ Feeder colls
-~

" m
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Engineering issues: Structural material

® Aside from materials exposed to plasma and large heat fluxes, structural
materials have a low activation characteristic by neutron irradiation.

® Two Reduced Activation Ferritic Martensitic (RAFM) Steels have been designed:

Eurofer (in Europe) and F82H (in Japan). 108
® These steels have only short-lived oo
radioactivity and, unlike fission products, }\ \
are nonvolatile and can be re-used after 10°
storage for 50-100 years. The amount \ \
. 5
of swelling under neutron bombardment > 10
IS much smaller than for ordinary > \ \
stainless steel. 2 19
Chromium (%) Tungsten (%)  Vanadium (%)  Tantalum (%) Carbon (%) % 103
Eurofer 7.7 2 0.2 0.04 0.09
F82H 8.9 1 0.2 0.14 0.12 EUROFER
107
SIC/SIC  m—
10" 1 1 1 1 \
The predicted radioactivity of Eurofer and SiC in ) HOUR DAY YEAR YEE&Q
a fusion reactor after 25 years of full-power Cy 10 '3 . '7 '9
operation 10 10 10 10 10° 10

TIME (SECONDS)
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Fission vs. fusion neutrons

® In fusion, the issue of transmutation gas production is likely to be a more
significant problem than in fission because of the higher neutron fluxes and
higher average neutron energies.

1000 -
] R S N
750 - T on—
0 3 AT S letld ooty
] =5
500 - o E le+l3 1+
] =
250 4 --- =5 le+l2 ! ' ‘ . ,
) k= s ; : '
] =5 Fission (PWR) ——
g, letll Fusion (DEMO FW)
0 1 - ] 1 ' ' |
=%
] 2 le+10
207 1e+09
500 1 le-07 le-05 le-03 le-01 le+01
] Neutron energy (MeV)
-750 1 Figure 1. Comparison of the neutron-energy spectra in fission and
] fusion reactors. For fission the average neutron spectrum in the fuel
-1000 ——t | | 1 | assembly of a PWR reactor is shown, while the equatorial FW
(cm) 0 300 600 900 1200 1500 armour spectrum for the DEMO model in figure 2 is representative

of fusion.

Nuclear Fusion 52 (2012) 083019
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Characteristics of D-T fusion neutrons

® Transmutation and He/H gas production
> 6Fe(n,a)°3Cr (threshold energy = 3.7 MeV)

800 T 80 30
L FW armour
700 N He e --F 70
fé\ M Blanket N o~ 2D
S 600 --F 60 X
= b i
S C 20 1
g 500 >0 g2 O |
£ 400 | 0= @ :
= : 2 b
S 300 4 307 5 \ -
§ g 10 Fission
© 200 7 20 = | (without He)
T -
100 4 10 B Bi— / —— :
= Critical condition = Fusion |
rLE MO tSIIELlIILRASRLEEEaA] 0 10 20 30 40 50
Depth from plasma-facing wall (cm) Dose (dpa)

Figure 7. Variation in He concentration in pure Fe after a five-year
irradiation as a function of depth (from the plasma) into the FW
armour and blanket of DEMO at A in figure 2. The total dpa in pure
Fe at each depth after five years is also shown (pluses).

Figure 2. Correlation of DPA and helium production for each
neutron facility.

Nuclear Fusion 52 (2012) 083019 Nuclear Fusion 61 (2021) 025001
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Neutron damage

® Neutron energy: 14.1 MeV

® Neutron wall loading: 1 MW/m? (100 W/cm?)

Neutron flux at first wall: 4.5x1013 n/cm?/s

Material damage: ~10 dpa/yr

® He production: significant impact on
mechanical properties

%Fe(n,a)?3Cr (threshold energy = 3.7 MeV)
12 appm/dpa (fusion reactors)
0.3 appm/dpa (fission reactors)

YV V V VY
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* ITER: 0.75 MW/m?
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1 dpal/yr (Fe) = 4.8x10*? n/cm?/s
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IFMIF: International Fusion Materials Irradiation Facility

® |FMIF is a large linear accelerator which is designed to produce neutrons with
energies matching those that would enter a tokamak blanket. This is done by
accelerating to 40 MeV a beam of deuterons onto a target of liquid lithium.

LEBT
lon g |
source B BOHTTT
lon
source = ‘tpRnSefesmesas
100 keV

RF thickness 25+ 1 mm
Q“ I Isepe‘l..lll~ﬂew speed15m 5™ Test cell

RF Power -
Neutron flux: ~1014 n/cm?/s
iy 851 151
MEBT HEBT Lithium target

RFQ -
lllllllllllllllllllll L1 3'_:.:_”,_.' fCJtDI'II"t
200 x 50 mm?
I | I I | I | I | Available testing volume and dpa

High >20 dpa/y in 0.5 |

Medium >1dpa/y in €

RF Power
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A-FNS (Japan)

Target assembly

“Ttems Basic parameters Values i Impurity

lon beam Partécle Deuteron : control
Incident energy 40 MeV o gl |
Current 125 mA N2 : | FE ’ system
Foot print 200 x 50 mm? J {4 € W P i |

Target Material Lithium (liquid) b S KZ |
Temperature 250 eC v
Thickness 25+ 1mm M il
Flow velocity 15ms? v %

Heat exchanger |

o~ '. Lithium target and loop system

(0% o, Sl '-‘-
@S| RFQ 5Mev 125mA |

-

Nucl. Fusion 61 (2021) 025001

W~ Injector 140mA |

1

Honeycomb vessel

2. Access to the TA from
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the beam duct side g
” Hole for
" Remote handling GNP )\ -\ N\ N NN
¥ tool . J
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5% specimen &/ \ONE/N\DNE/E/N\E/E
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=
b o g 3 R ('Y 3 .
Target assembly - ¥ = " H Unit:mm
Band L i g
1. Large clearance Rt = R N 2
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