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Development of a Pellet Cutting and Loading Device for the JT-60 Repetitive Pellet Injector

Hajime HIRATSUKA, Hisashi ICHIGE, Kaname KIZU, Takaaki IWAHASHI,
Masao HONDA and Atsushi KATOH*

Department of Fusion Facilities
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received February 5, 2001)

In JT-60, a pellet injector that repetitively injects deuterium pellets is under development to supply fuel

to high temperature plasmas and sustain high-density plasmas.
The peliet injector generates cubic pellets and accelerates them with a straight-arm rotor by centrifugal
force. In this acceleration method, it is important to supply pellets reliably and stably, to prevent pellet
orbits from disordering and to stabilize the launching direction. To achieve higher performance of the
injector, a pellet cutting and loading device that cuts a deuterium ice rod into cubic pellets and loads them
to the pellet injector successively and stably has been developed.

The pellet cutting and loading device can cut a deuterium ice rod produced at low temperature of <14K
and in the high vacuum into cubic pellets with a solenoid and loads them to the accelerator of the pellet
injector. The device specifications of seal leak of <1X 10® Pam®ss, cutting time of <3 ms, cutting
frequency of 1-20 Hz and cutter stroke of 2.5 mm were confirmed in the device test. In the operation test
after assembling this device to the centrifugal pellet injector, the operational performance of pellet
injection frequency of ~10 Hz, pellet speed of ~690 m/s and pellet injection duration time of ~3.5 s
was achieved. Thus, the development of the pellet cutting and loading device contributed to the upgrade
of the JT-60 pellet injector.

Keywords; Centrifugal Pellet Injector, Cutting and Loading Device, Pellet, Ablation, Vacuum Insulation,
Low-temperature, Plasma
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1. BUBIT

BRTS AVHABRER (JT-60) T, &iR7 5 XAIAOREMEER T T X< EEEDRE
MM E BMic. BEARBRL Y FEEENICART AR Ly FMARREOREZEDTNS, N
Ly M. BETTIATORNBETRBATEIENSHAROBREHHE L DERNTHD. b
v FOMEARICIREZHSR 1,2 EROIESR 3),00H 5. AIEIZHAREITENTNSAS
BRVBELICIIBANSS. —F. BEX—CHEOFELZEL. BAM. EEECHENT
W5, 22T, JT-60 Tid, BOMEARICE BV Yy NMAREBOBREZBREL.

ERk 10 EECEREBHBLARLMIEFRR Ly MARERIT, MEOELE. HHEBRUA
BHEENEORENRB oD, ER 11 EEXD. XLy MAREEBOHEMERE(L 5),6) 28D TE
Fr. BHEEELIY, BELEEEE L -EEERSORMT. MREBROLEBEREENEISNL
2, BEEBEHEMNICKEL. SHIMTREEZ LIT30REBE TRV EHNK L, £IT &
HEHELIEERES THER Ly FEEHBRICEEH L TRRR2ED L. Ry NIRRT,
BEERE S, <Ly MIEER,. RLy MY RE, 41 >F—0—¥F, Xbhy Y-
EORIKTH D, ZOFTH, HIIRL v MIEER. BARETHLEKEAFREZAL Y b
YT L. BOMERICEET AREERE-TEHEREETHS. Ry MIKEREOHEREN.
BOMESRARL Y FANEBOESELEZELETSEE> THHEETRARN,

—fBic. BHREARIIIERTERINEZE AEMSOATHRLEL TRV y MIFEREIT
HALTRL Y MNCYBT 3, RLw MISEBIISAEZREANY T ACKIDBAIL. REZM
OSSR IC L D ELHLS TEAREIZILTVS, UL, MEMIRLy MINEENH S
. RUy NOREHZZICIDEZENSHLL. EENENKBEIN THHEENALEITE
BEEHIT. ERALY NOBR, REZSIZEIITHENEL S, X ERLERLVyY b
ENEEETRNE, MEBOREXRICRITHEENEL S, £I T, BOMELARXRLY bA
HEBOMEEFELXESE LT, NS OMEZRRLEBMBEEINE. TORD. EK
. EECOWTOEBEEETALEEBIC, MAKKEORL Y bEERT DLy MK
EEOKUR - BRETO .

AHEL, EHEOEDOBRELERL Y MIKEBORE. G BERFERUEREERLED
AEGEMEZEITDONWTHEDEDHDTH S,
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2. by MkEROBRE

2. 1 BOMESRARL Y MAREBOEAMHEE

BEOMESRAL y MAFEREIR. LR HHB. EXNVEBEIZy b, Ry M
EBRURLY "2METET7IIY—O—FETHRIN, 53 BLEEHEREINIER
. MEEANICEBIN TV, FOERE Fig.2 1 IIRT. BOMEAFRRL v MAREED.
3, ERMATRE LR SEKREHAZBREAY TACEDEH - B{EL TEERE (B#E
KF) BERT . KiZ. BEEAREZEA N RENICLDMUHL TRy MIMEBICHA
T5, £ZT. Ry MIKEBOEICK DI AE GLAER) OXLy hicyrah, FHd
MEICEEINS. BREOCEEREZEL TWA7 Uy —O0—FiIZ TRy MEINE. §FHT5
LS ATHB.

2. 2 BHEBLOLDOHRBEAE

BOMESRRL Y PAREBOBHRE(LIZIZ. BEREEHE. Ry MNIKEER, XLy
"HARE. A 2F—O0—F AT F—FDORVy NEHTRBOKBNEEELE X 2,
#1Z. Ry MIEEER. BEREELFERORLV Yy MU L., BOMEFICEETLHE
BERREEZRLTEETH S,

BEEEAKRIZ. SHBICERL THEBRICHLEL., Th2EEEBICHEAL THERZREE
THT52TVv— (AIEgLD) KBRDMMToSNERB Ay F—IckDYEEL T2, Bkl
BOREREBICBNTIE. XUy MNIMEBOHS 2Ly NEEEBEHL THD, TOEM
#il% Fig.2-2 12, TONEEHBEE Fig.2-3 ITRT. Ry MEHEEREIL, V1L /1 FEREON
BICENEN. ATV VALERREAEIMEE L TV, UFERNSY L /1 REICEEAY
. (LHe) i, EBLAEEZBHTI2HMETHS. T, VI /1 BEHUN S EREHER
A4 T L BEZEHR. YWD S MEEER T 1 VL 2EEBHINBRENDIMEICZ>T
W3, DED. Ry MEREBORDMIMBIIBNTIE. AROHRT 1M EZRMILTH
Ry MEHEBEN L TEEL0DOHICHENEEEZITIMETH S, a5IT. Ry M
HEBNMBEMICHDE, XLy NAEZOHAICEIVEZEDHLL. EEMBANEBINT
BENRREEERD, XD, Ry MM, ZEHESFARLV Yy PAREBTHFr U7 HRICEK
BHERR Ly MEROERNS AERBSEY LEFEL T, LML, EE. FRIEERD
Ry MMedH, ZOBRTIE. BOMERNOEEKUVUXRLy h&ETIF—O—F DHEHE
BARRBL TRV Yy MEHOENCHESFFDARRENEL 5, /o, RNy MEEHEEBEOEER
YL J A REHSYUFERAANDIBANEL, £V v MANERNIZ, BR. BEINLISE
OREENELC .

FIT BOMEARRV Y MAREBOMEZM LI TS ETRROARL v MEHERICE
b, TNSOMEERR L EHEBMVEL SN, MERROFEELTE, by ME
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HEBEEZEAZELCOREVIIEEN S EEEREORBNERFIIBT LB, UTORES
LTz, 1250, MREED SEROR Ly NEHEBEAE LOTHEREZ LD I LR
WHATHEBEANY T AEOBREMTFOERMEER L2 LT, FILLRLy MERERBORRE
7ol BHELIIBNT, BRELAERL Y MEEEBEXL Y MINEBEEHT 2.

O Y EY L /1 REERERL, BERNS DBRRAZEET 5.

@ YIHOBREREEDLZS L. BELIII WALy bZEYIET 5.,

@ HHEEBONR LN EEEEEIC X 2EEKRZT S,

@ Hyy—0EE. EEDEUEECK > TIAFRRR VY FE2EKT 5.

OREL TRy bEMERICEEATLIEEZERL 2.

2. 3 FREHI#

BOMESRARL Y PARERIL. XA 10Hz, H&EFEE 1000m/s ROBRKHN HEFHE 5s
PEZBEARELTNBZENSA Ly MINEBOHBEZ INITEDETRET DLEN
H5. Table 2-1 ICHEREBTHER Ly MNEHEBOERERT, BOMESRAR L Y PAK
EBOEMEELOENICIZLEMEPHLBOMAND 5. SERERDOILDITIIRERD ¢2mm
X2.0mm QR L v FASH 1.5 EOEFEITHY T S 2.1lmm X2.1mm X 2. 1lmm DI F &R
RLUvw MRE URICTBHEND D, Ly MIERIL. RO Ly MEHEEZERIT
TR ERF LIz,

BOMEARARL v NAHERIL 5s BT 124.2mm DR S OEGREIZERTIENERL
TW3, ZOEIEX. 2.1mm ORL v b+ 60 HHHENT 5. XLy MEEEIL, 10Hz TX
Ly NEGET 52 EREREGTH B I ENS, 2.1mm N HFERRL Y bE 100ms EIZY]
BT BIETBRENDH D, AFERL Yy MEAHERRLV Yy POKERENZ, YA o—2
LUMETH S, BOBRLUEENENES, HFLHIWZEGEKRE Ay Y—OTFH (v
—OREERMICEZR Ly A ZANOEER L) MBEIND. £2C, BET. »D. &
BORUMERENH Y ¥ —OEEEEICEREINS. £z, BERQYMZ hO—212MA T, YK
BADBREICLIFEOATZEOR ML Z2HENREIND, £ T, VKK L IEEERHKE.
HABEUN & B8 &9 54k & Uiz, Table 2-2 iIZRDSNZ RV v MMEEDH
BB A RT. UMAMIZ. KOEEHENBERI O SERFEDOZEL, —EOEERRH
M 50ms LNIZTE f 952 &L,

2. 4 BHERLBROBIE

RlLw FWEBIZ. EREBOMBESEZRRT 2-DICERMEICEEL. MEENSDH X
BAEMHEEL TR & ZMBEICHKATRER#EE S L. Fig2-4 KLy MIFEBEOHIAKZ R
T, Ry MIERIR. BESRICIDBAERS N EETEEOF.LIIKEL 2. Fig2-5
ARy NEEB OB E#IEE, Fig2-6 IV y MNIEEANICESAENE TPy
—OAEETRT. Ry MIWEBIZ. KRESHTBEV L /A R #EERUTNRERD,
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B&, AT UVA ASAADIRF UMIERUSEE EMEIE L, Ry MNMIKERICBITS
Er2 e E Table 2-3127RY. VL /1 RE, BEERVONRONEIZ. BEEREHHHEE
RURLy MHA REZN L TESBRERHASLERCBHKUCRS DIV y FMEHOX
DHRTEBLDITAEAEL — G L Uiz, UIWERidMmEf s #idi T 25T, BERE2ER
MR T B =D I EAOEEAY 7 A(LHe ; Liquid Helium) #4812 & O LHe %4648 L TR
BHUKE. £ BEESLV L /A1 RS ORI, #HHBO FRP (ZRFI-HIAVOXAHE
BR) 1Tk D BMEERS N TUIKBIcEDSRNnEEICL .

Rl MIEBOBER. I NVICEETAHI LD TV y—0EEL. TNICED
ffiFrenTndh vy — Ut 24mm. A 2.1mm) BB INTEZEEEKFEZ 2.1mm DIL
HERORL y b EYFTSH, A hO—213. BEREMEHRELOREE2EBTHEEBIT, H#
KRICETEDOR Ly MY TEZ 5HEBEE 725 2.5mm & L. BHERO TSPy —DHER
i3, BHRAZMESED, TSPy —ATV T, EDRRVOY v a AT T TRINT %
HMEEL.

2.4.1 e

VLA RBEGHHMOEGHERIT. VL /1 RBMSOBRBAZENZNVE DI SUS #
(SUS316 ; BnER A =0.694W/m/K) IZEXT. EBEEDODIZNWFRP AN, /2, 3
PN MR (014X $8X15) ITL. BEEREZWRKD 1/10 LTI 5#EE L2, FRP
DHEBERAZIUTOEBYTH 5.

FRP O#GHER
BhHE . BBERD 0.694 W/m/K
TTKFEEER) 0.577 Wm/K
4KFEEANY T L) 0.075 W/m/K
BREAHM : #iEERTD 0.698 W/m/K
TTRKH A EFR) 0.264 W/m/K
4K@EAEN) T L) 0.053 Wm/K

TIoPy RO Ay I —ROBRICES I NS, REREBICHERTERESHLOON
BERNKREL D, DMV OEREKRS THIRER LB oz, BREIRICBNT, BEEOED
BREHOEDICDRMNB &S, REBI DRI NDONEBHAIEERSZN. T2
Py —EAvI—DEREELSTED. HENOZEIDZNEZZIEND,

2.4.2 EEIRER

Rl MIKEBOEEREILI. AFO—JR. 750 —DHEB. NXERITEIVRESD.,
T2V —ORMEEHERMOBRKIT. HREMODOT S Vv —% k ONRERERDAT
D7 THE R, AETENERS LT, BUR()ZEGLD ETHMBETINEFHHERLD
RIns,
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myx +ky=F (D
m; 757y —HEWwW/Q
F; 7522 v—HKEH(ke)
k; N2 EH ke m)
XTI —DENMEm)
DEMLS. TS50V —BEICE DA MO— I EMNER (0) 2B 310D T T Vv —RBEAII.
KA TERES,

F=kdé ./ (1—cosw-t) 64
t ; BIfERRHIGS)
w ;Y k/m=J/k(@g w
w; 752y —HER(Kke)
g; BEAINEE
NRER 0.28kg/mm. BEFFH] 10ms & L/ZBA, 5.5 DTS5 Vv —2BEHX 83 H13(Q)
K& D . T10g BEERD. Eo  EREBEFAKICI LT oY —IZF v — L= BE (max 140V)
EREICIMNNVICHLU TS B2 H/ROBREEAND I ENS, a1 IIERTHE (60.55X
340tX1Q) BRAILTH2ETHIRE. TS50 Vv — 2S5 LIF2KEH (K314 T, SO0
HRENSEHTE S, Eift 10A O, HREBOFAIIA MO—2 0.0mm T 1825g. A kO
—7 2.5mm T 700g THo . RN SEKEREHERELIIN 80%I225DT, Ry K
UMEBOBEIIAMO—2 0.0mm T 1460g. XA hO—7% 2.5mm T 560g L7120, ZTDEE,
HEEHFERADEZHET 5.
CORENNER Ly MITERBOEBRHEZEHEET S, o =F/ m=25t/t2& 0,

t=+ 2St-W)./(F-g (3)
F ; Fsol—Fsp
Fsol; VL /1 R#&EIH (kg)
Fsp ; NRME (kg)
St; 779+ —Ab0—2 (mm)
W;, 7520y —Ehvy—0HNER (kg)

TS50V %—ZAb0O—7 25mm 2H5k. VL /1 RFHE 670g. /\RHE 280g. T5P
=&y I —DOMVEES55g £ 5L, ON BifEFF 2.05ms. OFF EifERF 3.17Tms &720 . fL
BEGOFERMZTHEET2H0EHEEINS. LML, EBOESIH, NXFE, BEEBOD
RERVEROFPEEROBEEXHFICLDHEEEN S OTNEEENEL 2 o[ (EHENL DB
ZEN5,

PekiREDOBIERRMIL. ERIZBN T, ON E 2.7ms. OFF EfE 5.9ms (HERFRFRT 4.4ms
FU) THHIEMNS., FEMERMIL. 3ms AR ERB T ENHFEINS,
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243 AZE—)

JT-60 B2 L i 5 BT, HEEEANE(.33X10%Pamy/s AT BHAZADDZNC
LY EERETAVEND D, £k, ERTOEAERDD, THEREHENERENS. JOBA
NS, FRBOYNHOAEKD, GHERBEDSMERBEENE, 55 HEEOEBLLREY
~w%ﬁ&btoit\U—Fﬁwm‘%Dﬁthfn>779>Xémé<ﬁﬂhﬁﬁ%ﬁﬁ

L7z,
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3. EBifEReE

BRELLZNL Y MIMEBEZELCMEARRL Yy MAREBORERA L LU THERATZICY
=0, BEEBREHARREZIT> T, 2L TOREEEHEL .

3. 1 HERR
RbLw MIEEBOEEE. BMEREERERTI-DICLLTORR. REZT-/-.

3.1.1 EFERROBREANE
1) 8. ~tm®a
OBHOH. ENKRVEES —IEFCREDENI L EERT S,
QFER. MERDTHEE ) FA,. I 70XA—F THEERT 5.
2) MEKERE

OLHe #EMN SR v MNIEEED LHe #4851 13, LHe #4585, B X 0.12MPa
DEHMMNNBZ ENS LHe HORZEHAIEL, FRHAITHBNT 0.2MPa OHE (1.5
EHE) Z#RT 5.

ORVL v MIMERE D LHe 46 51 i3 LR 2 BNICELEHEKIND 2 &M 5 LHe
HORZEAEL, LHe AOfIDAS BEEZHRIETD. AUDLAU -V BERRT S, HE
fE13.1.33X10%Pam3/s £ § 5. Fig.3-1iIZ LHe 8% 51 > @ He U — 7 RBRK %17

QEMKRE THIEREKRENBAIND T 1T, Ry MIKEBREE H 244,
RS RVEEHADOICRICBRKICRE I N5, BEREHHRE. <L vk
HA RERURL w MEROZALEL., HBRER— M GARIZEAL) Z2ZANTAUTA
J—J BEWHRT 5, HEMII. 1.33X108Pams/s &9 5. Fig.3-2 ICHEEREIEA S
12D He )=V HEBHNERT,

3) VA REERRAR

OV /1 RBAD A EEEM OB EERT 5. HEMIZ. DC500V A H 12T 100M
QUEET B,

QYL /41 RBADIA I EERFEOBEEZML, WMEEICLVREEDRNT &% HER
9 5. HEMEIX. AC1500V. 149 5,

@I NIKBEZHML., Y—CBERZIVREDRNWI L E2HEZET S, HEMIT.
DC3000V. 1#®f7 5.

@31 N OENEERICTHEHRT S, HEMEIZ. 1£025QE7 3,

4) WEIHRE

OFR. BEFAFIIBWLT, IMIIICREEREZRL. 770 v —NEEHO & OEKE
RENSBEGR A RICHET2EZOREINEREL. XLy MNIKHEERT S, AIE
. T Yy —ofiico— Re)l (RELRER) 2REBL TERT 5. HEHEL.

_7_
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10A T 9.8N(0.98kgf) LA EET 5, Fig3-3iIZV L /1 RESINEBRKERT .
5) EBEAR
O#E. EBEAW. AKFECBVWT. A hO—2 2.5mm @ ON i, OFF Biff Ok &
BT3B, HEMMI B43ms A FET S, Fig.3-4 IEBHHABRREZRT,
QiR EAW. AKFEICRNT, A hO—72 2.5mm ® ON—OFF &0 U EIfEZ R
35, HEMII. 1~20Hz £ T 5,

3.1.2 BAHBROBRERER
1) S8, TERE
DV /1 R, SR, URENHy ¥ —Fi1E. EEORNWIEZERLE.
. BE-IIBICREDORNWI EEERLEZ. HAHFIORL Yy MIEREDNERE
E % Photo3-112. R v FMIMEBNICHAAL TS > 2 v —DNABFEE% Photo3-2 7R
ER
QEEMOWMDANTEEZREL. MAZKBMEDRNI L 2HER L. Fig.3-5 ICEAR
BHIEEB OB T ERIE A SR E, Fig3 6 7T Py —DOTERIERM &R
ERT, 75Ty — 1200 TIE, Ml EDEDICERTERNWI ENSEREREAN
THEERRA L=, £ Wy d—HE2EDETI Vv —DERIT. 547g THo 1=,
2) MEKERE
OLHe &2 E0HOMNCELE TS /28013, AORIKDEFEH X 0.2MPa % 10 2/
Z. LHe 4551 VICBT 2RO 2 5 (88, MFFICREDORLNWI LZ2HRL.
@LHe 80 QW OMNCEIE 7S 72RO M. AOBICU T —I T4 T 05 —ZRD
£11F. LHe 858 51 BT 2GR D S 5 5. MFBFICEEY— I DRI EHERL
2o TO—THERUNT— REEICED 2X100Pamd/s AT & +HCHEEEHREL 7=.
CEEREMERE. Ry A RERUARL Y MEHEOREZEE Y — VAKXV
U, RUy FOMREEEDOY L A RER, 6088, UINTEBD HZE o — )V ERAL R ONEHA R E
WASA LRI L)1 RBERORBER— NIANUTAUY =TT 4 T 75— 2RO AT,
HEY—7 DN EHRB L. 70— THERUE7— FEIZED 1.4X100Pam3/s 2AT &,
HlEEEme Lz,
3) VL /A REERHAR
Qa4 ) EEEEOKBED 1I00MQLALETH D T &AL .
@1 )L L EERIC AC1500V ZEINL . TEEMEEEREZRL 2.
® )Lz DC3000V ZEiL ., Y— BRI THEREEHERL =,
@FBITBNT, IMIVERN 1.03QTHB L &R L=,
4) ®3INHBRE
Ry NIBTERBIC 10A. 8A. 6A. 4A. 2A DEREHL. A MO—7 0~3.0mm B
284 DRI HERRL . Fig3- 71V L /1 RESIHBAEHERERT . Eift 10A (&
B TI3. 18.6N(1.86kgh) & HITEMED 2 fHEWMEERBRA. ERETHICHMETS I &
ZHEARLIZ,
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5) fEEREAR

O#EEIL, BEEREIEA DICL —Y—% (I8 2.5mm) 2FBIE. Hv ¥ —IEBIC K 2N
FEIORIEIC L DR L 7=, Fig.3-8 ICIEBRFEI EHAL 2L —F— T —F ZRT.
ON BifEIX. BHRZEZHL TH SE/EMRE TORMT2-TDZHEL. 1.3ms THBH I &
ZHeR L 7=, OFF BifEld. BHEMERRD SRIIRRBICER E TORM(T4—T)ZREL .
2.3ms THDHZLEMAE L. £y LY —HITENESLD 25mm DA hO—7 %
MR L 7=,

@ON—OFF #0i& L&ifE% 1Hz. 5Hz. 10Hz. 20Hz iZDWT. 2.56mm QX hO—2r %
REWEGIET S L 2HREL~Z. 1Hz DB AL Fig.3-8 DL —F—HAhT—» IR R
R%ZRL.LAF. Fig.3-9 IZ 5Hz D E %, Fig.3-10 IZ 10Hz DF A %, Fig.3-11 IZ 20Hz
DBREDHRBERERT.

3. 2 #HARR

HAERARIIBNT, Xy MINEEE L TOREEZHBREL 2O TELMESARL v FAK
EBOZEBREL THAS, TORERRET>72. by FMIKEREIL, Fig2-1 ITRTX
DICHREBERIZD, ERMEILEY TSP E2HFITAEREIEBIND. XLy MITRED
WL, BHBCEAREMHEE D SO TMEE O RS 1 VKV AZFRINIBETH 5.

3.2.1 e BRIRE
1) BEZEHR
O AR OISR > ERHRETY. TO0—THEICE DR Ly MYEEBO He V) —
VBEWRT D, HEMII. 1.33X108Pam¥/s LT ET 5. £z, BEEMBRDZDHITEE
ENEHET S,
QOO EZHLKETVN.RLy NIKEED LHe 4651 > O He ) — 7 BEHRT 5.
2) BHHAR
DXLy FIEERB O LHe #4851 212 LHe 28 L. AR VOB ETEADORE
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BALEBHME u, 70,000 60, 000
HREE B, 1.65 T 1.50 T
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Table 4-3 R 7Y DL
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1Hz
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SN EREM (ms) - 1.47 T2—T1
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20Hz
RS ZEER (ms) 1.5 1.47 T2—T1
BRI ERME (ns) 2.3 2.52 T4—T3
N RE (E) 2 1
N EsFiE (mm) 1.0 0.09
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