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Conceptual Design Study of Fusion

Experimental Reactor (FY86FER)

- NBI Heating and Current Drive System Design -
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Taisei UEDE#%*, Kunihiko OKANQ#**%
Yoshihiro OHARA+%, Kazuhiro WATANABE+#*
Makoto MIZUNO+* and Masanori ARAKI+%*

Department of Large Tokamak Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received August 21, 1987)

This report describes the results of applicability studies for the nega-
tive ion-based neutral beam injector to the Fusion Experimental Reactor (FER).
The operation scenario of FER has been proposed to adopt the neutral injec-—
tion method as one of candidates, which has three funcitons of heating,
current drive and profile control. One of the fundamental requirements is
the tangential injection of the neutral beam. For neutral beam injectors,
three port sections are available. Supposing to adopt the beam line with
the straight long neutralizer which has been designed in JAERI, the geo-
metrical arrangement was determined so as to avoid any trouble to the reactor
structure.

The conceptual study for major components which compose the beam line
system was carried out including the estimation of the neutren streaming.

The power supply system was studied also and the work was concentrated
on the acceleration power supply which requires the output voltage of 500kV

and fast cut—off time. A basic concept, in which a inverter with a AC

+ Department of Thermonuclear Fusion Research
#  Hitachi, Ltd.
%% Toshiba Corporation
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switch is used and the frequency of the supplied AC line is increased was

proposed.

In these works, the configuration of the neutral beam injection system
was detailed and it was shown that the beam line seems to be well imple-

mented with the geometrical constraints related to the reactor configuration.

Keywords: FER, NBI, Plasma Heating, Plasma Current Drive, Negative Ion

i



JAERI-M 87-145

1. 4 5 ¥ JT rerereereeeeeeiei s P PRPRUP 1
2 A A BT ABEED FE RANDMA oo 3
2.1 FERMDODIEIRGM +reeererrermrrrmmmiiiiiie ettt 3
2101 BT FE B SR fE oo 3
2.1.2 BB D B B e 4

2.2 PRI T AR e 10
221 B OFP EE EE e 10

2.2.2 BAF VEPEEITAM Y 27 LRI o 11

2.2°3 zﬁ;ﬁgfﬁs#%%i Cl_—_&b ......................................................... 12

3. ETEERIZMERTT  ceecverereenenoien e e 21
31 B BP R OEE e 21
T I e N L O O S OO ORI 23
321 y-},f;d—:ﬁ"/r7° .................. Cr e ieeaiiiasrerrsrasia et ey 23
R - A e 25
3.2.3 HHET-S 4 o & e 26

3.3 mom P OIS Z RMERIT e 38
3.3.1 8 BF IE H e 38

3.3.2 EF BEL OE T UL e 38

3.3 3 ;ﬂf‘ ﬁ % ,{4: ............................................. P 39
3,304 A B HE JF T oo 40
3.3.5 E B O£ B e 41

336 D-—DEIICE ACHEFEDIRM -+ o-ooreererererrer e 43

337 % & TR 43

3.4 hHEE FABFEBHIERED e 67
34,1 VRFLBIFEME e 67
34,2 A A VBRI e 67

4.3 BATELEL IR c--ooveereer e 69

3.4 .4 i '*I%‘ ;71:3 EE‘ {J:?: ............................................................... [¢3]

3.4.5 % & s T T P 69

IR Y A Y - e P 78
3.5.1 ] HA H W oot e e 78

3.5.2 4 BE R SF oo reereenie it 78

4. % & BY tee et 85
= T S I ITEE 85
Fr B W MR e 88



1.

2.

3.

JAERI-M 87-145

Contents

Introduction  ..oveverececcnecsanns caees

Requirements and applied NBI configuration ....

2.1 Requirements from reactor

2.1.1

2.1.2 Engineering requirements

Physical requirements

2.2 Configuration of NBI-beam line

2.2.1
2.2,2

2.2.3

Overview of NBI study for FER ..

for '86 FER ........ .

Design considerations

Study on issues of concern .....

3.1 Key issues ..iierens

3.2 Beam line components

3.2.1
3.2.2
3.2.3

Cryopump «.eveveansas

Ion beam dump

Neutron shutter

3.3 Neutronics analysis

3.3.1
3.3.2
3.3.3
3.3.4
3.3.5
3.3.6
3.3.7

Outline .oevevenonass .

Calculation model

Assumptions ....

Application of negative-ion based NBI system

Estimation for neutron flux .....
Calculated results

Estimation of beam reaction

DigcuSSion .....

3.4 Power supply ....ansn

3.4.1
3.4.2
3.4.3
3.4.4
3.4.5

Design condition

Power supply system for ion-source ......

Motor generator

.

- e uw

* s e

Stationary power distribution

Discussion .....

Vi

»h s e

8 e B E B e E R T Y AR s

PRI B A A

v
< sy
D) -
e
- ..
..o

.
nnnnn
*en

10

10

11
12

21

21

23

23
25
26

38

38
38
39
40

41
43

43

67

67
67
69
69
69



3.5 Maintenance considerations

3.5.1 Assemble ......

3.5.2 MalntenancCe ...esseeees
4. Conclusien .......

Acknowledgements

References

JAERI-M 87-145

Vii

L T I R A R I R R N N R R I TN

......... rrer e e e
“naee L A T T N R R A TR AR
L R R I I T TR R A Y
.............. PR I A I

...... e s e eese
..... N R

78

78
78

85

85

86



JAERT-M B87-145

1. & U % L

FERERAEIE, HNETLLCAhEFRICPELIINABEDRENRTHRE L Ihy
Mo, CCHEITh - THREDSET STV AV EIMEIERICEEE LCOF ERDAER
BB S Ic s, HBOBO>NEYE - TH: v VEERCHFB SN A BHO A RIE
ANBIEE -7,

LDXSBHERDEET, IRREEIWLBEINEERELY, BEFROEFICE /2L
HREf GBS pEE -t FERFENF — 4TI, FRARBLBRFLOMRELWHLHICT LA
BT, 77X e#d EPHERSLU T 7 v &b b LREFEOBMEN DD SHBRTO
MEPELTRD BT XS FROBRHPEL SN TV S,

TORE, & 1BBOEIRE L TTable 1. 117 d 6 BOFERBIEO S ORI, £ OERM
M&ERGICHLL TS M - EREHOFEIC OV TEHSAE T @b+ AS, &LL<
BN DHASHELSERENDIEDEINTED, F6 47— AWPYERIT A &&EH L 72
FRE L TERsNTO S, CNOFRITROER TS ST TERN 2 TR DAE R,
BHDFTBNRE L TOFAERINS .

MEC DL TTREEEE PR FASES, W - T2 HE, AdicdBaniail@EE s
HanTRVEYV. —HBRBEHICE O TERPENTANE TRIENETEED 7 5 X vk
TEHHSNIED TS, ZOXHUBRARBE AT, PN FAREZEREYT 5BOPES 17
HIL260LLTICTHRHESY - 20#IREN TS, R TAREC L 5BHEBHICT,
RERARSREANZE L2 NSO TEADNRE ETHFETEPHERICK - TE, FiAEsElo
VOB T LOBALH 5. FRPEYLT 220, ThPEFIBITLEHRLT, ©
T TONBIFEAE 17y — 2 LA U EOMBREN TV S,

ZAUCHEE SR T AREE 3, BAMICAEEDS SREIA TRy 27 279 2884
26DEd 5. BHICEL TOFRBLEURZERE EOCFMIEG, TORFOE ST L2 FEIE
e~ L5 A EREEOEEL, BEURT - A8, HToBALLE- L4 VEEDFE
RANDEHEGHOR S, e THEEEGH V2T L2EROBEERELC &%, SHEDF
¥EL7

RPFEEF COMEERREA T LD DTH S, RETHRADAHE ST RO 2F T~
RAEETEEHIROBEELELRIT 5.

b FARKEORANEREL T L L TNATYE 1 FRERN, ChEFERNEMTS
BRORALBRORE(LBIUL &L L THFEEIFIREF E RaXEHF — 4 BB L THATHR
Ha#EDbDTH S,



JAERI-M 87-145

Lo B (d19N)
SALIBUIN TV Wffgh 0% aNS L1 eT 6% 9
e Bt 1 g N2 REIET GERENER f 19N
L . SNLL R QWHETD A (INTTI)
D3k (kR 0% anNs L1 Ll Ly 5
FEB O boJdl CTEHMEA )l o RO i MNTT dALNT
i 2= 3 Y ol MEEHLHFI O @ N TN
off C G aNS 0z 01 L MESEEH TN CINTW} )
W b L&Y E— K Ear o=t T AF AL EERT S0, 2 B N
YNNG e CIEOVELY — b AU KL & DV
R 06 aNd 0% 60 0F iy ;\q \uh (a2 v g
T 1] L LFAM R 2 B D e ¢ eSRD (D) of 35 # &
. . . . . » (§0V)
SO 0§ aNs L1 21 7 NI S T SR S O S}k 38 T} T ¢
L oy Y =1
1EXE °PG T NOR-ANAE A ue11d()
\ [£% 04 aNs T o T 6 B @ L RFD T LR ( ) .
a0ue1aJ0y WAJ EArOR. WER T o ) Fd R 2 5 2 98 EV I TR
(S AIM0p | Gni s ¥ (wy e | (W) (W B
& i) - e £ <4 gl asED)
O T T ¥
(9861Ad) Lpnis uSiseqg sarieiedwo) A 1'1T 219®BL




JAERI-M 87-145

2. BAACVEHYHAFAFEEOFER~NDEH

FE RO - SRE), SmHEHEFERELT, 844 YHEERBA PR FASKE (NB
1) Z@AT LT, T¥EEHE2ED 1Y TRKOREZ\O DI LT LENH S
O KT E - L DEA S NE &M

© $ﬁﬁ¥k%\%®ﬁ%~#

TRHLOQRPHERTAREBO v 27 LMEEICET L HIHTOM 4 V18, DT 7 v ¥ -,
@Ay 7 -, W~ 29MHEEDLIHOYEHERT, DUEPRE#EEICHET2SBETD
ASOIE EAE), OASHA - T, ORERDEGS %0 5 HOFEREEEED & O
RN T AR EE N ERRERLFMT 2MORETY 7 ) A PEEHAEHTH 5,

AETHKETTHER FAREERT 2BICARE ShAEANFEEZ T L0 5. RITIHIC
g iR FASSEED v 2 7 4B B 4B, FERNDBEED v 27 A TORMEE A S
icd 35,

21 FERMWSODEREH

2.1.1 4 M 8 5

FERTHRIAOWER LT LF.LT 7 X T, GRBEBICERINIZIENTOANT 20 F
—3LLEHBEEoBEFRELE (eV) ThHd. PHNTAREBOA 4 Vi, v 27 o%h%
OEEPS, B4 vERVL Y RT ADERSN S, ik ko R &b b e — 4 DAFRIT
EoTZDOE~L T4 YBRREKE(EDb-7dDITH 5,

B CIRERRO B CERO b A% b 7 2 PR &, RO & OIR MEE
Kiot,%$%k4ﬁy%ﬁﬁb,ﬂﬁ¢58~A547%&%%$L1%t?FERKEH
TAEE-LTA Y, INEENTLCEEERE L TYRIERGLEET 5. TOPMER-FAR
HED & — LMREOEBEHIZKE Table 2.2 - 3iT7R T,

(1) B+ U A _

FER®Y 7 X=B/FH 7 FFI3EBs L dadl FASRICE 2EREE SN T B ATE
TREEEERE (LHRF) iIc L2 ERBEB EMBAEEHAL L, ABETAIMBAENEA A 9470
b oo (ICRF) T T 2 v+ UABERESATVWS ., Zh%Fig 2.1 -LGRd .

BETEERL LT D SME, BEERED DT £ TR F AR O & THIL T 5 7§z
HBT EPS, Fig 21-20CmRd. ¥ F VABREINTO Lo

AT 72 - XiTB T 2YBNEREF EHTE

(2) " s B

R TARIC X BE R LFICE, 4 -5 FERLT I XTERBLETHSL. OERH
FCEFET ETEOFEEH N TERZERL TELSHEXSH S,

Mgi



JAERI-M 87-145

CITCRIDY =y PERAEIMALETEL, COERIFE I EITELbDET S,
ST OB T ARESHE L, BRSSO ERRT A7 0Ic U F v — V7 2 — XHE S
hTuh3,

A & & 7

BHBESR LT 7 A FELELAT 50T, EFEEEECERV.EFETSEMEEL
Vo LALE— AEBICL ANEEOHART LI - s HTOBRBSEES A -0 77 X~
ORIMEEZERRIZE SV, CTTOARNT -}, 77 X<EBEA107" m™ & L THE
T4, —HEADATRELELZE A5 4 YOHRTIHB20MY THLELEHRLTE-LF 1Y
IARDHA (60MW ) L4 5.

2) A & 1 &

chiti F-ASHC & B EHIRENICII 7 5 X BRAEDOEERDBLEL sNDL 2D, HBRAH
BERINDL. BREBVREOBSH SRANE - ABOEANBER, 377 = HER, £
WARRANICH L EpEENS (R~R,—a/d,a ; 77 X=E¥E ). LLIog sz
4 VERROA S 3OS, i UESORGAMEL TROHEBAEFETLDLL
TAHNEZED S

R.—3a/4<R{<Rp,—a/4

(3) M BE 7 L &

75 X7 BEFTIE, LA E —BAHHNL, Mirnov BIEFRHAL T 5. ZOBSICEREET T
FrC B AFEIIGEMW LEESN TN S,

(4) EimoTHE

75 ZeDHN— 7 AL, BERERESHOMES LU« 277 Y a YHITICIEER S AR
WEZLNTNE. ZOFEFEELTASE - LOAHNR (BEGDAMVE ) 272 L LTAHE
— ADZEFVHES A AHET 5 L EFRET S

Fig. 2.1-3 WRT LS54 SHQMMPITEEASMIIRLT, s-7 v P77 X=iCifiLizd
b— LBEER S § () ARiicndd ERNEREBRIRE £ - 4B8F KPR d -
FGEEY, EHREAMOEHECHS, SR, 77 ARHEIES C EBEE Lndib L
&7 5 X7 RO UIREOEIRITE A ARAEIZEEE L Thidg~— 5 B{LD - HDER 2
BELNETEND, E— AfEHE 77 Xvdhlmh b ZOFABOUEEOHRE T 5,

2.1.2 o F #
BRMBICIBHEARPERRE LS. —HER Y — 20T 20 EME TOZEME (K
MW/ ) A BB H0ENSSH. COSHEEEIZORSMAMET 5 DIEB L THREE
(1 5B THAHT ENEE L. 2ORBEEHEEAINCA o1 SV A VDELEE S,
FOERA ~ P BARAD O ARAE & SmEREVEN, B—OF - tesrs YicHbT LN
Hihb,

(1 A B B I

FEOKMT, W & ARBIOZERAS0RY, 5 oA 5 A VEEREORER LEN

747

-




JAERI-M &7-145

R CRIEERR, ZEGER b)) oD RESAREMITRIT S NS © DR EIIEAS Eh5 S AT
(R, OORROLSIElD SN .

Rt :Rp- 38./4
=2 (rod s a4 il s DmEe )

TOVMIRES Fig. 2.1~4 WRd.
(2) F—rFECFY 742 FBLD _ | .
FU7 g7 FEOTEE SRR din B v — A AHEIER L v ARENEEE L
U, BREIORERPOEREST S,
SIS - LRSS T S X ETEROAERE L, C— L5508 0.30° A TR
U7cls, fRIOEFD E— 4 DM RGN 0.8 AHEHET 26D & LT, KOMOSHEARTEL 7.
7X@l 28mMx05m”
A TE 20m" x 044"
(3} &4 3 — 5 {F5F22R8
WARDRFIZICHBENEMEAHE L THBENSD, TR ~— 5 BTOHHO%E

Fﬂﬁé%% Lf:.c
FAN—ITWF ¢ 27 OFHEPS P o4 S VRIEEA S m, 7T R e T A 1.8
mEL FREDHDEMETHLICL, E-L 74 VEBROFEEN»OATEDLET S,



JAERI-M 87-145

[ L

8.7

Burn

i
!

Appredch

800

20

Operation Scenario with RF

Fig. 2.1-1

Ramp-up

LHRF

e

1.5

~|
3 :
ECH! Current Drive

DH.W >wﬂ_ 3
=

MA



JAERI-M 87-145

[p(MA]
A
10r [p=8.7 MA
8t 7
6 "~ -
<(0OH» Recharge Rapfp-up . 8C0sec
4 < g/( a p.r Burn(Q =)
e>ECH R : '
2 . - . Ohmic Heating
05 L » . o
14 24 100 120 L
.' ! o profile control
I | L (S 60MW) -
| 14,5 .
SMW P30mMw © 6OMW MW | TASMW
ECRF NBI (500keV) —izok_
V.S
10 N

_55_.____._______.......____-__....-_'_....

Te {12keV)

ne(10°m?), Te (keV)

180 - Ne (~11x10° m?)
6
A .
2 L !
O il -
Ib [MA '
10 bl J. r TOMA
8 ; : (Zeff=14)
6 (Zeft=7) |
3 "L.IMA (Zetf=1.5)
O | |

L/p=26s L/R=46.8s

Fig. 2.1-2 Operation Scenaric with NB



JAERI-M 87-145

sznm\gvnm AOUTOTFF2 JUSIAND UDATIp-WEdq [BqOo(3 pue S31 suorioeiJ UInoiyl IUTYS Weaq (?)
% uoTjouny Xn[3 Jeprolod pue Hmz..h 31TF01d JUBAAND UIATIpP-UWES] (?)
(z) 4 211301d a9mod weaq (Q)
aoejaIns orjaudem  (B)
1013U0) 211F0ad IuAILIN)  €-1°7
2~ | g0~ | 0~ |(,01%) | b/ 4
010 | 010 | L6070 |(M)%/1V)Y 01_80 90 ¥0 ¢0 0,
— N\ R T
. , (P) N
B / :./ _.\ N *
\ VAN y
o’ N,
- e 42
. MEIV A 4-100) L=Ch L o
ADYOZ =1L =% Sl-P~__ (24100120 =R/ 41
. L (9 b
n:Eomo:\lo-mc : e BT I
27 =Pz Yoy ‘ (W) y buoi,
wzl =0 " wzg= ¢S K%

|

‘914

”
-IQNP

Adg>r<a-p

- -

sJajawnind pwspjy

1£°6-'8
wgp =20y ¢ A2y 005 =93

19j3wpJtod  321A3Q r ) )

—~

)

y(uyz




mmmmm




JAERI-M B87-145

2.2 FMHRFARZE

2.2.1 B B OB

TAFISOAERF F B R 3Z3Hic 50T, 200KV, 80MW, 20~50s, 4 ¥— 454 YDIEAA VP
MR T ASEEE (NB1) & R 7 L ORI AT » o0 ORI LA Table 2.2.1- 1105
F. AZFOXEE&EHEER, ROLSEEDTH 5.
x4y PR A A R
e Saty A N

AAHEE ED DO T R v ¥ — FIERE
Wi o=y b ARG IOBREEEARDY AR YT
SR A & v H B
TR O F a3
o7 FR M R
$%%if§fv@1mﬂﬂ&LT%i%n,ﬁﬁ&ﬁVNwwﬁﬁifﬁmﬁﬁﬁiﬁﬂ%U
VAFLEN TS

7 BA A VENBI YR FAIRDNTH, BIISHEREF ERZFHTEWT, %, 2~
2 DOEP HBETT <& T ERfER_E N,

BUAEEF E R#Ftic B W TR, A4 VENB I V2 FLAICDODOTORNDERIZED,
&Lf@ﬂﬁmmb¢63n.£m ..... i EXE, %f%ﬁﬁ@mmhéc&m&#ént &

cﬁ4i/@NBI/ZTAKGDT%%ﬁ&J”#ﬁmbﬂ RO L IR ER > Ly R
7 LBRESI NI

D b H T2 FERETBICRE EREGESTI0.

@ AEE— FOESEOIHREFEOREE Y — v FRERICTE S,

) AGHE — F DEASH U HERASSEIREL 50, 77 ARG TR P AV I OB

HEE, ERanEics@ATE S,

@ A A vIESEOWR S FAKD HE R BEICRETE A0 TRIPERTSH 5.
® #Wﬂbtwmﬁwtb,ﬁ74ﬁﬂmﬂ7@ﬁ%imﬁfﬂ50ﬁ/slswr&%%zdé

{TE5

® HEBH/NUTHOHBHBR.

@ ARARBICLDEE S A OREEITED .

L ETEmnETs, BiekiEs, BERE, KM tossiTabn, SGHORELE
B,

AL, ﬁﬁﬁ%vﬂ«@ﬁm&/erwﬁ%%ﬁéabf IKICE S A EOTRATL
7o

D LikE, RENG

@ HEHL@H (C-ay Y TE, A4 VIR

@ fHORRRST

Qe e &




JAERI-M 87-145

@ v-adf (-5 r?, 2744 FLT, PET Y005 )
& A A v EHEE

2.2.2 BA A& vEPERNTAR Y2 T A2 FEBK

RHIAREMACIE, NBIEARKBELEGMEEILSBETIIICHELOIEA A4 ViBENB T &
2T LTE, SR LOIDT A F -BIEEERIT S &, T, DD LHDH 2B
DIRELSHEREB S ABULT 22 & T, FEFICHREBTEIC -4 54 KRBT 5, Chick
LT, B4 YNBI ¥ 27 &Tid, PEARIRSE, £/, V- oaRBEAIhEn T &I
£, 414 VBEABRFICRE LPIEDO L~ 274 Y A/NULT AT EBTE 5. CRIERKIC
=454 VEERORILEZBRI L EELED. CON, EEEAFVENB I v 27 4%K
WIRKBMFICHER T AR S L8R TT S & Table 2.2 - 21K £ Hicis b

SEEOBFNRFARN, fIHRO Y 27T LS4 H9TONB I ZHHF LAERE4EFig.2.2- I
FEH% Table 2.2 31TRT .

NBI 27 L@GKECHIT, 14 vigs, piEfbewr, E-ny 7%, FU7 HEEY
4 A VEBE, BE%R, SR, BIER, ChoodfiflRic kAN s, Fig.2.2-2i1c2&k
FEEE 7 0w 7 A Td .

44 G, ERAESREE S A VFEEAEAL, M20m, &3 240mD v — MR 100A B~ 4 %
A 0.3° TolETC EEFAL L. 14 VB S00kVOMBSLEL L Dz E, 1B
DEER 2 v 70 5 v 2RREL LD, IRBETOEA A v OPELBRAERET 2/ A
FRP#@RN 7 L6%2EZ D Fiz, 77 AvERNMHEHED D, ASE— 204 2FHH4 5.0
EHHO, KEMO A WEA A4 Vg il VORIOEMICHRIT 5, 14 YEEDH# 2HES
DIy FAARYTERT L.

it bl PREL DZEE, BEHEER, @Ry -4 F, ERAoEEEELL5. 14
Boic, 42 ERTFHOY — b HERT L. bt vEEL L, Pi(bic i ERigsE 4
BAEROOEEERE L, E-L8 v TELRATEN ZRBEFE{HEA S,

E— g7t BEAA V- AR EERIT L ORAIS DD EEHLET 5, b4
g7t EEMA A v AT St~ 454 YOS 4 FRUETREE, £/, REKH#
BOERIC L BB O RTE L e T 5. BHEE L TSR HEICHZ B0, A7 4
YR = F 2 - TORABELOSNTO S, S5, BEHBRENS(T 5K, -
LY VTBER 5AFFEyTERFDL. 7544 FE 73, He OBFALERL THEAY 31448
VT ET B, RIEEDREEE DS, N7 FEBEDOMICS — MEEERD, £/, NBIJEY
aw MRITEAE L, 2474 »OBB{LEAERT A20HOHEFy v v 9 BRITF LN

FU7 MBI, AEL DRI, BEEES BRATHRESRS.

AF4 VI, 77 XHEEBEER, MESHSFMBT 20014 VIRRER» S 5. $72,
SIS ERRIE Y 7 A AR SICHE~ Y 9 L, BIREREZME L, GAREE- 25 v PHOSF
BRI, BEIKERBT ARETH B,



JAERLI-M 87-145

2,23 FIEERIHERT &H

(1) E—4a54 L&

i & — ADERE~DFIMAREIE, Fig.21-4IC058DELNBI -5 VIEEA
BTz BEHEITOE — LAOREND AFEMOEATEE Fig.2.2-3cmd. £/, ©—2445
YI7EONBEIR, M4 75 EERMEOTEHEITBLSUBERD Lz, ¢ TR b+
i, eR2dmE L, F) 7 FEEREEIH oA 00 4 VETHRSEE TSSO AL
CBDT, INEY Y7257 EEMAL CEREBORNELPEF T L EL, RAMRUET
EHBIEE LT,

(2) B fL 3 &

A4 VIEE, E-bayyTEDOEREOHEL, KEEOY - 451 YEE, M, BETHT
Wotce 2MFRTH L3 TEIOMEBELTT /o & L4 # ViEDFELFBRO r BOFMAERSR
l rem/hiEEBEHINT VS, PEFEZE2BMTA L YHHRAS L TR mrem/ hA—FITA S
LEZSND R, 14 VEREEFEEMELAIRCTECET, BABED %20 1Bl
LERTHE (Hiy, THHE ) LOBGIPEELLS,

B — 4 5 T EERUI ER R - BRSSO, SRS EoRBE DV 1 £ v
e L5 Y FEQRTOELD S ORHSSETH D ROBETH 5. |
(3) #3757 #E R <F

DR TFTICOOTORAFNAEM Lz, 72770, SHE 51T, HFRETERE st
=46 T4 YABOBHEBNDECT L PRESHOLEHEZZFL T 2 LBHE
THOPELELOBMEN L EPEBEL S,

(4) =454 v

E— AU, TS AF R YT, BT v STV TERSN AR A RICE-T XM
EREEFERL L e 774 4R Y TRDVTHE, #HR0— F EOEEEERRA 6 RS 57
¥, Ny FBREFREL, FhoHe HERORESHEES 7 1 4B v 7L L, B~ 507, S
AEICHIT 27 74 VR T — A F2-TORBEERLZ. £/, dlEFv v » 71,
E— o 74 YOBEHEZRERT 57200, HEERROGHSHRENTH DS 77 x>
By AR D 0 2B L OB ER B HBERE S .

(5) A4 KB

IEEBFIE, 500 kV, I0ADEHEEARBTETESHFEE S 6IT, 14 vEEBRT V-7 5
U rRDRAY — VR L, A4 YHEOEEBEER DT B EEO B ER N ETH S,
CDOESWEGBREICENTIE, WERONB IILEHSAhTW I ESHERSHEZ A « FOFERR,
FTHOBKEFEORMEICE DEENTR V. Dk, ZRblESEELL TEETEHT
EEAA v F e L Fa b vy YETRESERALEER L 2. EINEBHEOAD 1 4 i
BRE 797 ¢ 7R TEB S 57087 B ARNEEFM L, 14 v RER > =
TAORABEEBEL:,



JAERI-M 87-145

Table 2.2-1 Design parameters of a positive-ion-based NBI

Injection Energy (keV)

Ion Beam

Injection Power (MW)

Beam Duration (s)

Injection Angle to Plasma
Number of Injection Ports
Number of Ion Sources per Port

Length of Beam Line (from exit of
iont source to exit to drift tube)

Length of Neutralizer

Dimensions of Injection Port

(a) Neutralizer
Pressure (Torr) Entrance
Exit
Neutralization Efficiency (%)
Beam Divergence Loss (%)

Cross Sectional Area (mm2)
(b) Direct Energy Converter

Collector Voltage {(kV)
Suppressor Voltage (kV)
Efficiency (%)

Pressure (Torr)
{c) Cryopump

Total Gas Load to Cryopump per One
Shot of 50 s

Maximum Number of Beam Shots
without Regeneration

Schedule of Cryopump Operation

— 13 —

100200 (Variable)
D+

60

20~ 50
Perpendicular

4

6 (including one spare)

16 {(m)
3.5 (m)
1.2 m (height) x 1.1 m (width)

2.7 x 1073
9 x 1072
18

5

125 (height) x 1320 (width)

195

=30

69

less than 9 x 10~7

6.75 x 103 (Torr.R)

42 shots (12h)

continuous
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Comparison of NBI system for ion polarity
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Table 2.2-3 NBI system parameters

1} Overall performance

Neutral beam power
Beam energy
Pulse length

Ion species

Ion source

Number

Type

Grid size

Extracted current
Accelerated current
Current density

Beam divergence (1/e)

Cryopump

Type
Re-generation
Operation time

Pumping speed

Beam dump

Inner size
Input power
Heat flux
Element
Coolant

Residual ion deflection

22,5 Mw
500 keV
quasi-continuous

D

1

volume production
20x240 cm?

120 A

100 A

50 mA/cm2

0.3°

Complex cryopump
Intermittent
5h (CGas load)
750 m3/s
200 m3/s

Ton source chamber

Beam dump chamber

0.8mW x 1.4mH x 3%

16,7 MW

4 kW/cem2

Externally finned swirl tube

1000 m3/h

External poloided field

5) DNeutralizer

Inner size 0.26mW x 2.4mH Ion source chamber side

0.4mW x L.4mH Ton dump chamber side

Length 24m

Liner 20mm OFCu

Magnetic shield 20mm Permalley
200mm Ion
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6) Drift duct

Inner size G.44mW x 1.8mH Ion dump chamber

0.5mW x 2.8mH Ist wall

Liner 20mm 0FCu
Pressure 4 x 1072 pa
Gas inlet 0.03 Pa m3/s

7) Neutron shutter

Duct size 0.5mW x 2.0mH 0.5mW
Thickness 1 m
Shutter speed 20s

8) Radiation shield

Drift duct SUS 620mm

Ion Dump chamber SUS 500mm + HpO 400mm

Neutralizer SUS 200mm + Iron 200mm {magnetic shield)
Ion source chamber SUs 300 v 500mm
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Trade-off Study for CryoPump
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Table 3.2-2 Investigation on Beam Stops the Steady State Heat Removal in High Heat-Flux

p Reauirement for the cooling water _
width .
Max. heat flux Materiai Size height iniet Pulse length Structure of the surface Life time Remarks
{kw/cm2) length Press. outlet Flow rate Press. drop { sec ) (cyclel
aperat.) (1/min/tube) (kg/cm2)
D . 112 / / f bean
=<1mw-w>voqmoz ( _.m - mm ; 12Cr + Cu wmo s - 166 - 0.5 > 10 ¥ - shape { 100000 ) |ON SOURCE ; T5keV,10MV ,D-BEAM
ET 1.0 - 2. 0540 .
i (540) 7.0 (1o (_TOMSON CSF )
Beam dump for 2) 213 16.5 \\\
NBETF-NB ! - 1.8 0.2%7r + Cu - 8.5 226 - 7.2 30 ¥ - shape ( > 25000 ) IGN SOURCE ; 120keV,50A,30s mc
(LBL) (1:0) 200 : (30) g (170kev, 850, 30)
T DESIGN ) 0
Steady-state 3) Zr + 0OFHC adb ; 19.1 - 29 .
beam dump for [.¢ - 2.0 or t: 1.8 ) (average) - > 30 Y] Bowl - shape - ION SOURCE ; 120keV,D-BEAM
TFTR-NB! INCONEL Int. finned tubes 22.9 (max 80) ~
(poPL) &
Beam target for 4) 6D, 8.5 18.0 .
HETF-NB I~ G 5.4 , OFHC t; 1.5 1.0 20 - 11.0 30 V - shace wwmmmﬁwnu ION SGURCE ; 75keV,404,30s
MW - ' ird- -
{ORNL) MW-30s {tape; INCONEL) Swirl-tubes {30) ' ¢ UNITED TECH. O
Beam dump for 5 0b ; 5.0 -
HFSTF-NBI ‘ m.wwv Mo t, 0.25 - 5.4 . - 0.4 V - shape | ( 306000 )
(LLNL) .0 Int. finned tubes 54.0 {total;2700) (30) ¢ UNITED TECH. )
) w '
6 op ; 14.0 iG.0 22.6
nmﬁmc Beam dump ; mm , 0.2%Ag + OFHC : H nw 2.0 3.0 Maux 27) o 0.5 - 1.0 . _m , % OO Bowi - shape !ON SOURCE ; _wcw__mm_m__.ﬂo?aw
. xt. fipned 11.5 total;240 1 -
(JAERI) tubes b D D
3.9 16.1 »\\\\
Vater 0.4 - 0.5 0.2%Ag + OFHC 16 X 16 5.0 {average) 0.5 - 1.0 10 O"O Flat
jacket ( 0.45 ) - (fotal;1600) (10) D
30 9.0 9.3 \\\\ It
Calorimeter - 1.0 0.2%Ag + DFHC 36 5.0 {average) 0.5 - 2.0 0.5 - 1,0 V - shape ¢ 50000) LIMIT OF BELGW LIFE
(1.0) 30 - (totat;250) (0.5)
_wn:,\m mmmmzcm:nw for \\\
Shekt 7 v Flat 10N SOURCE ; 200keY,3.54,0.1s
Bean d 7.5 W / OFHC % .9 Coeries’S . =~ OFHC e - RN
eam dump - 1. - series - - 0.1
(9.0 19 - €01 ) 219010
|
140 8.0 —_—
Caloerimeter 3.7 0.2%Ag + OFHC 260 - 1.6 - 2.0 - - 0.1 —_— ¥ - shape |
(4.0 20 . ( series ) 01 — f
m
Rotating target - _
( 20.0) _
[
¢ DESIGND)  8) 0.2%Ag + OFHC 00 ; 10.0 (20.0) . m .
Beam dump for FER N8I (5.0) (tage; INCONEL ) M b _.mw - (20.0 - 30.0) | (10.0-15.0) { 200.0) Flat | - {ON SOURCE ; 500keV,1004,200.0s
CIAERI) (' or Ni )| Ext. finned - m D - beam
swirl-iubes ! !




JAERI-M 87-145

GN2 GHe LN2 LHe LHeor
) P b ] GHe

LNz

I

1 “r 1 I i 1
|| i |: 1 1! Ii

Il 1} il 1 1 ] a o
. AN
S - _)\¥-f—— =)=
rb e SYL - ey JI:;-\ (J) d
T Y e Rt i ;:\\\ i )
rausmm———rn_ N 00 1o
N fl ll |I ! \ | ’
nli: I :: I: ,
it ‘ “;.
i: ‘;I‘ + T ':i
! l| i :: 1:;
: :I !: ig Il : H2.DZ
| t i
] il :
IR A T
i
:: ' ! y Cryo Batfle— LU | [l | |
ML |: i:
L ':.‘” oy Chevron :
IR T faftle— 111 L] LU
:—:I!—H-n —— 4:-—4'1'- —,:—: yﬂ?{. 5 |
ﬁ:—:f-[r;-“*'* =pe ;:\ : E %2__9
Ty NI

Fig. 3.2-1 Compound Cryopump



JAERI-M B87-145

BNy

ey W

dundofin jo uweal8eTq MOT4

Z-7°¢ *81d

Jema(]

TN
[
|11
|
l

I xog prog
.— P
=
==l
=
aulqJny dxg
Y ]
‘ ]
1 w
Pt _
_u I.lu_ == .1,_ Iossaadwoy oy
Y
o J0Ssa1dwon
B gurdung

i e

Huej] affy



dung weeqg ¢-z'¢ "S14

, .\ﬁ_ _ \_\,
O 4 ) . DT
) i

2 -

JAERI-M 87-145

N

—— —— — ]

\ R~
h
IS
T

A
]
————
‘ [
Vo
-\

WvY3g

. snm

= [

)

0022

[T =




ol

¥
AN
g1
Y i'(

JAERI-M 87-145

Swivl Tube

Fig. 3.2-4
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3.3.1 #® # m H

FERICNB I Z#HT 554, HKONB I TORFNEEKNA, D-TRIEEITLH I &
IR B REHERIE R b U F o A EIC T A RAHUEL B, 20D - THREARGSS
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PHETFHRET 5. CORDRBSHETIR, BARFTRESSh-7% (n, 20), (n,p), (n,
a) HOMGHERIGBREL, FOBNEESE L~ vicibtasn b, iFoERTicE D
AR EEEE, PR LS L SUVEBRREREOERE LD, FTARO ERERErE, F

EBOWBEENRSVEE LS. ZDHICEERMGHIOBERFELBINCFRLTEC
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3.3.2 i E e Y
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NBIbE—-4a54vOFERE 1R CEFVTIERSBRRET, 2RIXEIRTOETFAT
Bl 5 b ENH 5. LTADBIRILT —~ FTREKNGFTERBELWETH L. L-T2&mTa -
FATALTHOIZESNZEE L. RRIFTE, 2XGEXI - FDOT 35" 2T kL THL
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FDEBEEL (B TES T &,
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® NBIE-LI74 YBRTLODEHMBLRD L0, SHTAOEREELIEALSC
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PLEDESH» S Fig 22— LIORENTWE E— 45 4 v ERDEHSHFIETE 7 ik L.
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FEAFDICRAELRES,

2) fHE DA
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nid, EBREHE2 A ThTOEBmMBENENLE L, 2 M)~ 3 v 7RI L) hEFRIS
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v FEETED T FNETT. 14 Y EHOMRE £ 0K % Table 33— 1ITRT - RERITA &
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tan ! (28x05/7)'" /65=6°

P&y, b FRAMFEOBEE LT 1.1 %1000 /of + SO 14MeVEHE T AR A 6 DR B
THRIMENTHEEDAEE S,
2) 1A EE
Fig.33 - 3ITmdZEmMEHL D, FMIHLFARIChHFRe, 2HET 5,
47.82 S

;= .A/dz. x1073
¢, J¥&m4ﬂxz x =748 X107°5

¢ = (748 x107* )X (567 10" ) =4.78 x10* (n /ed - s )

Q max = tan~! (2.8%0.5/7)"% /3810

14MeV OEFH4.78 X10° n/cf - S MRE 1° THIHSA TN E D 2453,

3.3 FF H & B

(1) 4 & v iFE &

Fig.3.3—4, 5 i</ FEepth D 14MeV i FR D A DFERE R %A, Fig.3.3-6, 7 i2 BBEEEGIC
FELTHSST S 1 MeVUL EOTIEFRAFOHEREESRT. Fig.33-4,5 T — AT
AR VIEEERNTEREEZ CNARTHMBEONALL, ZOMOEMTIE Ray effect EEFEIT
bobhThwb, Lirl, 2RO SO LEEIC, Ray effectd BE AT T 5 fRlkiE 4
FVEFEADERICEON TS D, FHENSIRE D, ©—-ail, 44 v EEBEOSHZT L
EEZCEV. 41 #4 VERUFFRPHICEDT S 14MeVIPHETHIZ, ~10%n /ed - S, ~10°n /o
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Fig.3.3—8,9 iz 1 H 5 Gfl#EEx T 2 FFREKE | HEENOERIGEERDIH 27 B
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SRFDEL /NS — YA Fig 3.3 1R d e COERNY - v EETFUB EIFER, EFAVBTHE
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RICLOEETEEH0LL, 14 Y EFREROKIMLIC L 0FAT A v~ EDAETLT
WA, HEIH THICS SXNF3BREV 77 A vE0RE{EARLAE L rem/h BEETS
Ho XA Z VABRBETEIHTREROMMAA SN, RIMEED 25mrem/h £5F5 72810
i, EREOBNNRLETHD. SUSODES ZEFHEEE0~60miEEOESHUETH S,
14 YEERBRRTHEPETREROBABA SN LD TOmIEE T 500 EHETHS, Fig.
3314~ 1BICZHERE WK T oM B IC S TN MSEEEOPE M OB~ Y. ERE T
%Cu(n, 20) #*CudBIRICE DAERE NS HCuit kD BEIH AN RES NS T & Fig. 3.3
m;@bwéoRcmﬂ&@%@&vfafvi(mﬁbﬂ%ﬂ$ngﬁ,ﬁ%&%z@%
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HET, HiTREOBRERICGETEZEELONS . A4 VIRETERHRRT A4 VIEEEICHNT
WA SUSI, *Fe, CoHEERMDE VB ENE (& EN 2 e L RERME TR
TTREEICE DB TEERBERDO ST VI EOMHEEORNPBVELEL ON S,

4 A& v RO P T HEZ10 n/of - s BESEHEINTH . FEMEZ A+ o8
fed s, rHEREICKABMOERARRE I MGy IRELTES N, 0.1MeVEL EoddEFiE
BHTHE T NE 5 X 10" n /iR & 5 BRI EL S RA-EARARE RO EZbhch
SAFEE S % 2 ~ 3HTHAA TRAFHT 5145107 sTEHOFAGMFFTE 2,

FERSBEEREEIOBH(5~640) E3NTW2OCERMICGHEL T, 1 5O
BMIERICINE AR H D, 12 YRETOMTOEERDHMILH L LEL NS,

(2) A5 7E

Fig.3.3-19,20 ic i Einth D 1AMe VI FRA MO EAER %, Fig.3.3-21,22iC 1 MeV0LL E
DOEMFRIHOHERER ARG, COMBIKELTLE -5 v 7 - LAY IEDHDZE
MITZ DD Ray effect R ONAWRBIERFLHMEEL 5N 5. Fig.3.3-23~ 28Il DiEdx
N~ vDEFIALBDERMBERERREIFERT . AMEERTTE, B - FAITE, t
HFH, CEEERLITSERIN TS, HLE-LF4 YRHTIR, 414 V&Y 7EET
DAHET RN 0/ el - s ITET B0, SEEHHAH FTOHFGORFASBHBETSH 5. XEMHE
BRI rem/h& 15 5 72 DA O ZR B MEESHBOEMSLETH S, Fig.3.3-27~34
TR & R A M EC S T h A IR O LBROBEE R .
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3.3.6 D-DRIIL At HROFME

EﬁA§4V®N7—7D~%F@33—%KﬁTQEﬁA54V¢T%$T5¢ﬁ%ﬁ,D‘
DERIGICL B 245MeVOIHEFE, D — TEIRIGIC L 5 14.1MeVORHETFA 5 4 5. BIRISI
BS54 % ) F 9 a3 ERIGOERMTH 5.

FEEKIBICE 2PHTORYE, RO 2EBEHOBEICERNT 5.

O BRI SATNLDRT & &~ 4D DETOMKIG

@ Dy HREE—LD DT OEEITL 5

Riz LEEQ@ORIE THE T TR AERES 5.

(1) BEOQICE 3hHFRER

F—y PESHOEBAIC OV TE, ] Kim%E!?Y 8 -4 0F - 300keVUITOEES
E—ATHEBLTV S, 20885 Fig.33-36i5|HLTRT. Berkner %'V #5120 keV L)
TOE-ATRIELTVS., COREMSS00kY, DY100 2DIBE4AET 5 &, EHDMTR
AR, 1.0X10%n/s ALLB,

(2) W@k X A FRAR

COFHITO2WTH L ] KimFBiCL->THFHMSNTEYD, TOHEREL Fig.3.3-37iITRd. C
DFEREMNTE00kV, D 100 20EEEAES 2 LhtEFRERIZ, 1 X10¥n/s/A/10"
(mol /eid) £78 5.

FifEEAWT, Y-ai M yEETOFRFREBSPHETRERBES . Z0OME %S Table
3.3.5 WRT . TOOPHTHRICK ZFRMFEEORBRIC OO TESERBIETH S KBNS
5. UL LAML—RRIE, BREREELEWVERIEGTHD, E—454 Yy THLLATH
MDD - DERICTL ZHET DO T R vF— 245MeV THENEESN B D300, 4
BREAAREDP SFKT S 141 MeVHEFICHING 2 4 DITHNTHR/NEWEEL SR B,

RICRIRIGIC L D 384F 2 14. I MeVIETHE CNICERNT 2 HBEREER 5,

JKmFIRE3EEs -4 PRECTOD- DRINICEE F I F U LDREET— sh 6, &
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@® A# BT, ERES L7 VUV ABHEES &L TA 4 VEEHREET0cn, HiHaE
T40cn, MIFBETOmDBEEBLHETHD. Xx vi+ v R PAERH L EREOHEOKR
HBURETH L
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Table 3.3-1 Material

Composition of Ion Source Room

Region Region name Composition { Volume fraction }
1 g8 2 B & SUs (107
2 Tz} F FRP (102
3 1 Cu (0.50>+V(05)
C | emee s GRS
5 A A e B SUS (1.0
6 H % Vo o(L0)

Table 3.3-2 Material

Composition of Jon Dump Room

Region Region name Composition ( Volume fraction?
1 H E vV (10)
2 [ A R I 4 Cu{083+H,0(02)
3 s I SUS{10)
4 Ba - ¥ Hs0( 1.0
5 E—AYVTE H,0(0.8)+SUS( 02>
6 - Ly T Cu(0.5)+H,000.5)
7 th 4 {b & SUS(0.33)+H,0(0.67)
] BME v —wr Parm( 1.0)
9 RS v —afF Fe ( 1.0
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Table 3.3-3  18~group Neutron Energy Set
Group Energy Limits Mid - Point Energy.
1 150 — 13.7 MeV 14.35 MeV

2 137 - il5 12.6

3 115 — 931 10,405

4 8931 - 7.33 8.32

5 733 — 5.76 6.545

6 576 — 4.52 514

7 452 — 3.16 3.84

8 3.16 -~ 1.87 2.515

g 187 - 106 1.485

10 1060 — 566 keV 813 keV
11 566  — 283 424.5

12 283 - 100 1915

13 100 — 10 55

14 1 - 1 5.5

15 1000 - 100 eV 550 eV
16 o - 10 56

17 10 - 1 55

18 mwee - 1 meV 500.5 meV
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Table 3.3-4 54-group® -ray Energy Set
E(MeV) E(MeV) E(MeV)
1 30 ~ 27 19 073 ~ 066 37 016 ~ 015
2 27 ~ 25 20 066 ~ 0.6 38 0.15 ~ 014
3 25 ~ 23 21 06 ~ 055 39 014 ~ 013
4 23 ~ 2l 22 0.55 ~ 0.5 40 013 ~ 012
5 21 ~ 20 23 05 ~ 045 41 012 ~ 011
6 20 ~ 19 24 045 ~ 0.4 42 0.11 =~ 010
7 19 ~ 18 25 04 ~ 036 43 0.10 ~ 0.09
8 1.8 ~ 17 26 036 ~ 033 44 0.09 ~ 0081
9 1.7 ~ 16 27 033 ~ 0.3 45 0.081 ~ 0073
10 16 ~ 15 28 03 ~ 027 46 0.073 ~ 0.066
11 15 ~ 1.4 29 0.27 ~ 025 47 0.066 ~ 006
12 14 ~ 13 30 025 ~ 023 48 0.06° ~ 0055
13 1.3 ~ 1.2 31 023 ~ 0.21 49 0.055 ~ 005
14 12~ 11 32 021 ~ 0.20 50 0.05 -~ 0.045
15 L1 ~ 10 33 0.20 ~ 019 51 0.045 ~ 0.04
16 10 ~ 09 34 0.19 ~ 0.18 52 004 ~ 0036
17 09 ~ 081 35 0.18 ~ 017 53 0.036 ~ 0033
18 081 ~ 0.73 36 0.17 ~ 0.16 54 0.033 ~ 003
Table 3,3~5 Neutron Yield by Beam Reaction
Ne 4 7} gt FRAR (n/s) | BT HE (n/ef- s)
1 A v EIESR 4 x10'2 1.6 x108
I R | 1.1 x 1049 8.7 x10°
3 E—LsvTH 4 %1013 3.1 %108
4 KUz KM 5 % 1012 6.3 x10°
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Table 3.4-1 Performance of NBI for FER
No I8 H % £
| IR — Ly — 22.5MWx 34— b
2 B — AT & o F— 200 ~ 500 kV
3 [ - 100 A
4 4 #+ - D-
5 w8 % = 45 %
Table 3.4-2 Electrical Requirements (Estimated)
v | m g | EmE s Eml ST | T-2 (70940 g7z
' B i |E  HE 7 g & w B E = B F E
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1| AasE" | -450kV! -50kv| 4kv | +3%v | 150V 15V 10V
2 (B AHE# 100A 140A | BOOA 16 A 4000A 8000A 600A
3100 w7 (B 3> 3> 1 3> 3 > 3> 3> 3 >
7
4|5z’ 120 120 120 120 120 C.W C.W
5 1< HERLE 0.22 0.22 0.22 0.22 0.22 — —
6 | & il AVR AVR | AVR AVR AVR AVR | AVR
7T | BfAR 45MW TMW | 24MW | 0.048MW| 0.6MW | 0.12MW | C.006MW
f
H1) OE HhofREAEATT.
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Fig. 3.4-1 Power Supply Scheme
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Accel. P.8. using invertor (1)
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Table 3.5-1 Assemble Procedure of Beam Line
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Table 3.5-3 Ton Source Disassemble
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