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Upgrade of JT-60 Pellet Injector for Higher Velocity
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(Received May 31, 1989)

Pellet injection experiments- have been performed to improve the plasma
performance by the JT-60 tokamak from June, 1988, From the results of the
experiments, it was found that the plasma confinement time increased up to
40% with pellet injection (velocity over 1.5 km/s), in which was obtaiued
with 10 MW neutral beam injection highly peaked electron density profile.
The experimental results suggested that improvement of the plasma confin-
ment time depends on the penetration depth of the pellet into the plasma
column, especially into "q<1" region. This fact require the higher pellet
velocity to achieve the inproved plasma continement time.

The pellet injector was upgraded to obtain the injection velocity over
1.9 km/s in the end of 1988. TIn this upgrade, some major components such
as a pellet gun assembly, fast—opening magnetically driven valves (FMV) and
a part of piping line for propellent gas were replaced.

The 2.3 km/s of pellet velocity has been attained by the combination
of the shorter response time of the newly developed FMV from 1.1 ms to 0.5
ms, increased working pressure and temperature from 50 kg/cm2 to 100 kg/cm2
and from 80°C to 200°C, respectively. The upgraded pellet injector can
inject, independently, four pellets, two of which are 3.0 mm in diameter *
3.0 mm in length and the other two of which are 4,0 mm in diameter X 4.0 mm

in length.

+ Department of HTTR Project, Oarai Research Establishment
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Main results obtained from the performance tests of the upgraded JT-60
pellet injector are summarized as: Maximum pellet velocity is about 2.3
km/s; The operation conditions have been optimized to make the pellet with

the fueling efficiency of 60-65% in averase.

Keywords: JT-60 Tokamak, Pneumatic-type Pellet Injector, Fast-Opening

Magnetically Driven Valve, Fueling Efficiency
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4.3 Rl bMHSHE

SRy PAEEN, FIBLAESE0 Ly FSHEE, NTHEERELUCRHEREIC >V TTHR
L#ea

4.3.1 HERHHE

Ly MR, AT REAAEM S TREB L, EEOAEE, BIAEHEEFE2
AEEECRE SN TVE L - F-REFATHEBEH O, EEFEHROBEREN 4 6 TR
d. Ly PEEHEER, R YA RXONEVIEE, 24, MERENOFVEREEOERD
Bofih, FHonr A Xb+adREERE L,

MiEHABEL~Ly PEEOBEZANLTICIRT, FAREZELLHCHORLy FEER
Wit 5 qhbnd, Ly FOBRGHEEREF, Ly P4 X $30mmX 30 mmL TH
2300m, s, £, 2w b4 XP40mmx40mmlL TR 2250m s BB LA,

THNEAOEEBME <Ly PFEHERORBRKRAER 4B ICRT,, T T, MEFNARETE
50kgf cm'Té %. SEHHFEEMENECER Ly PEBEEPEL LB W05,
SF D, Ny FRMETRAENSETICRVCEEOBEBRNICER TEALAD, SEGHNTH X
B, wLy FABEENERBL COIBEMASNRAENNEZE S L Ly P OFHERR, B
MEBC LD, EROL 5 FEHER (5 1,500ms) TR, HBRERTS 5 KD
%5333 ps (BRHES80cm ) THADITH L, FAHELLSERFER (FH1.700m )
T 4T s & B,

Ly P ABEBAKCERYMNTVEHESEF O EMRMIIZAN0Ems THDHT & LEIE
BeRS 1.1 ms OREEDOEBFICH~IMERS RO BEEAZ-SIC_E Y bEHEEOEINICRL T
TWBT Ehbh b,

Ry NEREICOVWTEE - ENOMGEOEITESREMSE (NESR 40 TCToEE ) ZIHE
LTRA Y ICmd, SEFHAOFEHBCL - TERECH IOBIKELT 54 2300m s D
<Ly PEHHEERE SRR,

4.3.2 Ly bRTFEBFRER

Nl oy FOBTHAER, BEEFEN LSHBOEIRER LREAPSRD L, BRNICE
A X pa0mmxX40mmL DXLy FPT933Pa, 44X 63 0mmXx30mmL DLy FT 3338
Pa it MG AEALANELNS, FALALLHWM T 5LV 4 X ¢4 0mmX40mmlL DL
Y P TR THARN5TS%, v4 X 63.0mmx3.0mmL DRy P TEHRFHEBRG62%
AERLTVWS, BEMTEAEE, 4 X ¢3.0mmXx3.0mmL Oy PTHEO%Z, ¥14X
pA0mmX40mmL DLy FTH IS FHBONATOLEY, ThoBEBEOPRABCHESNT
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4.4 WESEHE

Ry PAREEOSAGBTICE, BE AR, MEFAR, EENY) v AMEF AR -
HAEEERBEREREAASZND S, BEFAFRET, THE 160 kgf e % 9 kef “end iITIRE
T3, MEA ARG, T 150 kgt Zem?® % 110 kgf,/em?, & 5iC 100 kgt /e iCi@F 4 %,
BN AMEF ARG NP HALEERBIEAER A RAFRE, THE 150 kgl ecnf % 9
kgf/em® WRET S, BB, SUBRENTCFENRABCHIELAEFEAD LEECET
THEHBRETY, ASERBEEARTRAENTIT -, BB, EEAZEZH VI, BBRoOE
ROEBEE, 77 v VRUHIBEOBEESE LS DY —I/REEOENC EBRETE I,

4.5 ENICEHER

EEFHFEFIES R BFESOREOLENAER L, BEFHALHEIELBAEOE I
EROAZRARKEEN 410 ICRT, SEHHAFE, HTE100kg! /om?, VF -2 v 7@
E200CTE8EERL, E3AIEBOEAEL, 128Pa (0096 Torr ) ICE L, Sl HIFFH
GELTHLoEmEERF (e v s —F ) BEETAREIEESHAEBCENICEREEZR 411
(b PETEENHAZIESELBEORE ) LT T, ¥ 10ms N2 LEVEESE
BRAOFZAHRABE, £ ( 0.67Pam® ) ABE LB N &R S, *b vy b O HEEF
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5. B » O IT

JT—60=L v P AMEBOSEA ( 1L.0km s > 1.9km s ) ZHI LT, FiiCH/ELL
D, Bk, SHEENAROEEDO —HTHb, <L v PEHEMEZEAL TR, SEHHTO
BRSO R F( Lims > 05ms ), MEFTAFEHO LR ( 50kgf /end > 100 kgf e’ ) &
OUMGEFZEEO FE (80C—200C ) OXBEFIT A LKL O FACHEZNIEL, e

HEBOREE, <Ly FEEEE 23km s RO,

Wi r B LA AL, BIGERINTVAE ] T—60~<vy P A\ARNEEBEORIT R U RIER
BRir KOV THE, NRRUHERLETY, ThiEet, "ECKRL LS, ERERICE
THIEHFLOWHEALE U, —FELT, BEHEFOFHEARMK LT LN L, SHHBFE
SO A A S 100 kgt on® TEIFET 2 &5 WEFRBERETL, @0 LEERR (10,000 E)
CEBOTHOEBICEETACEEHALLE, FBIHEARENI, EIAHAVERBRBERIIENT
452 ECREEARPRER SN, BFARDCERER , 34 VERKICEHET L7 5 v ¥
P (R BFERCHE LHREVEL LB ESMALE I L THHEENT 2 CLTEALL
LML, 75 v Ve ~OBEWNE (A by N Y IFOBMRT 77 ¥ 9+ — EEGHIZN R R
AODEMNT ) AT5C&T, COMBEHERLT,

AmEE, B 3FE1 2HPOME <Ly PARHZEEOAKBEIY, FRTEZHAL ST
SATERICAWTZ 7 XAwHERLERITONTN S,

4t i3

JT—680~by PARZEBEDORLy PEHHEEEO#EMET <Ly b4 4 XORE(LZEHIIC
HEENCERERUVHHACHRELETVESORMERCEMN 2T T &Pk, FEILERD
HREICH 72T, JT -6 0B - HEVTE, Hb#h k&, BA 7 7 X< KR
B EAEEEIDREBIHMEZECC SCERHN L T4, KEBo&t, &fE, EHEE
cdiﬁéﬁwtJT—60§%%JT~60%2ﬁ%%-“ﬁﬁ%%%&mm#fﬁﬁ%@%%gﬁ,
XL AEBRBOEEICHI ~ o THEETEME TSRO ICEEHLE T,
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5. B H H (T

JT—60 by PAKRZEOZHL ( 1L5km s> 19km s ) ZHEL T, FIKEELR
Did, Eakit, HEHNERMOBEEO M Thbd, Ly FeEEECHEL TR, &R FO
e on L 11ms = 05ms ), MEFAEAOLR ( 50kegf en® =100 kgf /end ) K
UMLE A ZRBEOLF (80T —>200C ) ORREIT - T LKL D RHRBEE S L, HaE
HEOER, “L oy PHEEE 23 kmn s BIFS 0T,

Hic®ELCERSEE, BIGERESNTVLAE ] T-60~_1y P ABEBEOZI RUEER
BICESWTHE, XERUERER 4Ty, TAEH, MECHEL D, BRBREBBICEL
TEEHFLUEAELRBA L, —Hl&EL T, SfEFHAFOCEERABE EF oL, SEHEFIE,
I 77 277100 kgl /cm® TEET 2 & 5 CHMEATEAITL, BOELUEERXR ( 10,000 E)D
KEOWTOERKHET A2 EAMBLLE, ERicildrzhic, LCAMWEBEREBIENT
452 B EFHEARBER SN, BEAROERIE, o4 VHIEBICE{ET 277 v &
v (BT ) PRERKCEHE LHEOSERE LEBmSMAE DI L TR LCLTEE T
EMRHMERL, 75 vV e —OFEERKE (A by N Y FOEBMERGT S ¥ Y v - BIE N 2K
AODEMNT ) ZT5C&T, COBBBEMBERL 1,

kA, A6 3EL 2 Aol SLy PAFHRECENKEENE, EMcEZHM»L T
FACHEBRICHOT Y 7 XvigEm LI Tto T 5,

i 33

JT=60~Lvy PAREED Ly PHHEEOWME T <Ly b4 X0 KTLx BT,
MBI ERENOCHEAORBEETVESEORERUEMZIT S C &8 MK, STETERY
THBRECH TR, JT -6 0B -HEMEL, HP#H kK, BR 72 X<-HREH
HE« FAEEFRELIOREBCHBFTECAZZ LCBRBER LT+, XEB 0D, e, EHH%
CCHBEZTEV L JT-60ERH IT-60 R 2 HBRE - AREFMER, LU0 2 Rk = O FEELL
SOUARZEEOEE S - L ZEZ BT LR A SMTOSCEH#R L =7,
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5 B H H (T

JT—60RVLy P ABZEEOZH[L ( 1L.5km s> 19km s ) 2 EL T, ¥HicslfEFLE
DiF, £, SENFEARUBEEO —HTHd, 2Ly FEESHEICELTR, SfFHLFO
e E( 1.1lms = 05ms ), MEFZAEHD LR ( 50kgf,em®— 100 kgl o) B
UM A ZABEOLF (80T -200C ) ORBEIT - T XD N RAHEEE N L, HaE
HBOFMHR, ~L oy P HEHEE 23 km, s BiEo i,

HACEE L EREL, BMICEREESNATVE ] T-6010y P AREEO R RUSIER
BICEDSWTHE, XERUERER EATY, ThzE&e, SMFECEBL 20, RBRBBCBL
TBEHFLUVEAER LU, —Fl& LT, aEHEFOCEEARS L S NS, GEEERIT,
I A7 277100 kgl /om® TE{FS 2 £ 5 CHMMEATEAITY, BOELEERR ( 10,000 H )
KEBOWTHOERKEFET A2 L 2MB LB, EBCHsATNL, L2 HBEBIEVLT
d8h 2 G EFUMEARPRER I, BEAROEKEEZ, o4 VEIRBICEH{ET L7 5 v &
v (BT ) PRERCEHE L HEEISERE LB MLE DI L TEELT Ll TES T
EDRMEAL, 75 v Ve —DOFEEMNK (A by N Y IFOEBMRVT S ¥ Y e - BRI 2R
AOCEMIT)ATH5 T, COBREEHRL

HEaABiE, A6 3FELI2APLBMENLy PAHKECEKBEINE, LR TEZARLLT
SATEBRCHOT Y s XwlEEm LB I To AT B,

| L3

JT=680~Lvy PAREED Ly PHHEEOWME T <Ly b4 X0 AKBMELABMIC,
MUIRMICAERBROCHHAOMBELZITVESORERCEM LTS C &P HKL, STETERY
IHRECH - TE, JT-6 0EBN - REMTL, HPH ZkE, BR 72 X = RAR#Z
BE  BAEBERIDBBCEBDATH N LICEER L4, AEB 0B, ®WE, EFHER
CCHBEAZTHOLZ JT-60REBEH IT-60F 2 BE AREHER, I U0E 2 A= O EEAL
SORAREEAOEREC Sz - ZFE T L ERM T EMATOBLCERB L 9,

Z2 % X B
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