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Abstract

Technology of the negative-ion-based neutral beam injectors for heating and current drive in the fu-
sion plasmas has progressed in recent years, particularly, in Japan. On the basis of the progress of high
power negative ion sources, two development programmes are carried on, a 500keV, 10MW NBI system
for JT-60U and a 180keV, 1I5MW NBI system for the Large Helical Device (LHD). Additionally, R&Ds
and an engineering design of the reactor-relevant 1MeV NBI system for the International Thermonuc-
lear Experimental Reactor (ITER) are carried on intensively under the international collaboration. The
current status of the negative-ion-based NBI technology is described.
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Fig. 1 Principle of the negative-ion-based NBI system.
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htl$w¥—$’h%@%ﬁk@%?%ﬁb@ﬁﬁz
IEBOK X BB ERRCER ST A V¥ —iz,
BRAA v F 7 OBE L TR IR IR EAR I —
VELTHAT A, SOV =V A NF—R2Y—VER
B0 A 7 uMoEE TH 25, FRENEL00
Va—VPE, BI0kA D EIZHEL, ERIIBELZS
U EESRIELLETTA2ZL 25, EOBED
B VRN F—PFRINENPICOVTITERRE,
Fry TREVSVWADERN D Y RZHMERIBIE R
W, LALIEAF VRIS TR ERMESRD 1 HE
W40 ~ 80mm DOE A A VIFERMAERICEL T, B
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() DC Switching System Positive lon Source

Insulated  Regtifier. DC SWitch
Transformer L
~ 100 kV
=Filter
v v Capacitor

Positive lon Beam
(b) AC Switching System i
Negative lon Source

Insulated

Converter Transformer
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Fig. 9 Acceleration power supply systems with AC switch
and DC switch. For the higher energy acceleration,
the AC switching system is required.
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Stray Capacitance E—AHMDIEF 2N EOPHDTT 5 XvADAGHZ D
: Surge Surge Blocker L

_(" guppressmn ESCJ;] LT‘/‘ é [301 —*7_‘9 LHD Hj@ NBI %) 1998{]_{]\3{]-

\\ PSR [Source 1N Surge EBE AL CREETH S, 5512, ITER S0

Supply lon EEBRIFANANT 723G O IMeV # NBI 0 %3 % B

oo Source L7z R&D b WAL L %o THRB BT, SR

] @ - - o —?- Electrical %@ﬁl/fj-\ NBI %@?%HXUI/\7)< y}JJ:Z)\E

_@)_@ High Speed Switching l__ £ .. Breakdown HEMRE% Table 11277, $7, ENBIOV—L4 54

NEm— S YW OB R Fig 121089, ZRENo%i<

Beam REPRM R AF ST —1Z R %5, ITER AT

Fig. 10 Concept of the surge suppression a7 NTEEBIOEBORENED SN TSI &

in the power supply system.

Table 1 Basic parameters of the negative-ion-based
7% B ﬁ DOHLFBAE N TR nEnz b, 20 NBI systems for JT-60U, LHD and ITER

4%?%«@%~ymk%ﬂ@twu,ﬁgmuﬁt

. . e - LHD

312 2 BB — ¥ O A BT 2 I X — CJT 60U ITER

atus ompleted in 1996 | Under Construction | Engineering Design

> A4 "_ ,’;L/j'r\‘ =B ox Bl -m
72[26]. % 1 XBB‘}: LG A 2 O R R A B Beam Energy 500 keV | 180 (/360) keV 1 MeV
%éh?’l RN F—i i ff@f[f‘;l-%j:%?k A F Vﬁ:)&%@(bﬁo) Injection Power 10 Mw 15 MW 50 MW
MIZU 727 bVvEANSZ LI )Y —VEREKIEIC Puise Duration 10s 10s 10,000 s
BT HIENTED, E2EWE LA+ VAEREBHR lon Species D/H H (/D) D
Wiy & 44 ‘/‘Eﬁﬁﬁ'ﬁ"‘r‘?@?ﬁ Y=y 7ay h—%HA No. of Beamfine 1 2 3
T5., CHZEFRRNCEIHEELZS 2 THREEENLO  Baoming.Curce 2 2 1
AT =TV OARERIRICHF T EEFTH Y, Bk Cosrant Soure™ 22 A 40 (/20) A 40A

a7, WPAERELZREEB X O] 7 A BFRE S
POREING, —~REBIZHENS Y — VO 3V F—
1, BEFOFBMCIKREROBITHES K, 1+
BEAOWAT— VPl s n s, @A a 7T & LTk
7294 PAMEDNTELD, FZT72T54 M4
BORMBREEEZHTS37 (774 742y b) 78
BaN72[27). Ao 7 3EIBMEHERES&ER T
By, T, EE, BEURSRRCRETLZL8TE
F— VMHPES o7z, RaT7iE MeV A4 F ViR
REREEE (18] B X UV JT-60U JH 500kV BIRICH WS L
TW5b,

4. B4 7> NBlEBREORIR

KREHAAF VEOBSE LWilEEEZERICLT, H
KTOM 2D 0)@ A 4 ~ NBI r;g%%f@’ sy JT-60U § v 00 keV Accelerator [ Negative lon Source
H @ 500keV, 10MW @ NBI [28] & ¢* LHD J§ '
180keV (FEKFE Tl 360keV), 15MW o NBI [29] ®
BEPHED ST b, JT-60U @ 500keV NBIL I

BT LREREBEFHIGENTWS (Fig. 11). #D 1 %
YHFIT BN 500keV, 22A OEAKFZAAS A Y-
LAEIOPESEA S I ERERSIATBY, HEET

12 400keV, 135A § b b 54AMW OEREZRA AL + ~ Fig. 11 The 500keV, 22A deuterium negative ion source
Ve A BN TWB[13]. 55 12, Tk 8 513 3HIZIE mounted on the beamline
400

NI | -El ectronic Library Service



The Japan Society of Plasma Science and Nucl ear Fusion Research

J W3 0> NBI Bl /NE
fon dump tank lon source tank
0 !L 7120 13450 | lon source
1} JT-60U Neutralizer
NBI port
2 I
3 — T
3 — ]
y . N |-
(a) 5m Isolation valve i Bending coil
. fon dump
Calorimeter /. jon source
Steering
Cryopum mechanism
£ Beam scraper
Lt 1 L
0 1 2 3 4 Bm )
Second Vessl . First Vessel
Cryo-sorption
Pump ) Calorimeter - Residual lon Dump Neutralizer Negative lon Source
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Fig. 12 Sideviews of (a) the 500keV 10MW NBI beamline for JT-60U, (b) the 180keV 7.5MW NBI beamiline for LHD,
and (c) the 1MeV 17MW NBI beamline for ITER. They are reduced on the same scale.

Wb, I N, REA —2 ) v VESIFZRETC 60kW BE

‘ NBI " BS S N2 OB ERTTH 5. F0HEK
5. $biJIC wvﬂ%@t vdmmvm~MMW@NMﬁ%
WﬁwNm&m%”szﬁm%%uT®sﬁa FESNBRAERIETONTE 2, B S5FkD
Fros. NH&LT%%i/rﬁthM®%ﬁ@Nmﬁ%%

1) BRiGomzkt BRBEHO /2O RMDEA 4 ViF RIEEDLLBEOREDETH Y, HOiH 2Bl B 5
DRARIIBNT, EHLANVD 10A BOKES & HETho7z. L UKHBIEA F VBB
UEREEAF VERIZEI L. FEHEHRIZBWTRERERES A5 L5 TE (Fig 13),

2) JT-60U % LHD TH® TEA + >~ NBI & 5% HAF Y NBIEBIEHLANVIZELZ, AL 4~
ItEho>o0H 5. JT-60U B4+ YIETIET T NBI HMHIZHAROHEME LTELIHBMEEE 0B E
400keV, SAMW D BEAZA A+ v E— A2 AKT  HOLMEREEOEV L OFERSH, BRaHEC

LI, TIAIDASH BRI NI, BATHNTWL L ZWLETBELDOTH S,

3) ITER SOEBRIFIGT 72 IMeV BB A + » sk BRICAERE T L0210 h7 ) REARHE 2772
b BFENEDLNTEBY, BEIC 800keV DL EIZE W7SRILNIER, BUAEERN, SRARBUN, JEIRIBAD BN
1F VEMETEDLETIRES>TWA, ¥7: LHD & ITER @ NBLIZM§ A M #$_4E LT

EAF 2RO NBL 2A%EEH 9 L5 T PP E R g o Bl M54k B X OV ITER
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