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Development of Fast Action Gate Valve for the JT-60 Pellet Injector

Hajime HIRATSUKA, Hisashi ICHIGE, Kaname KIZU, Masaoc HONDA and Naoyuki MIYA

Department of Fusion Facilities
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Tbaraki-ken

(Received August 6, 2002)

In JT-60, a pellet injector that repetitively ejects deuterium pellets supplies fuel to high temperature
and high—denéity plasmas.

The pellet injector sometimes requires an emergency stop and pellet number control due to the
conditions of the plasma. Use of a high-speed shutter valve is one of the effective techniques. However,
the high-speed shutter valve had problems in operation speed and vacuum performance. Therefore, we
developed fast action gate valve with shuiter function and vacuum seal function, which that meet
requirements such as a pellet stop, number control, and vacuumn maintenances.

The solenoid structure that can absorb a mechanical shock is applied to the fast action gate valve.
This resulted that the specifications of the valve, seal leak <1X 10®pam®/s, stroke length >20mm, response
time <100ms were satisfied in the device tests.  Thus, results confirm that the performance of the fast

action gate valve is applicable for the pellet injector equipment.

Keywords; Fast Action Gate Valve, Centrifugal Pellet Injector, Pellet Control, Shutter Function,

Vacuum Seal Functions
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1. RU®K

BRI XA BRER (JT-60U) Tid. BiR 77 XA~ ANORMUEHIROM LRI TS AE
FEEOEREH#EL BNICEKRR L v MEEGENICART 2EBEREZT > TS, XLy R
DOAFIE, BB R 2 BKIR THHAL TEERMSLAEBRORL Yy MZLESOZRLIITL DM
HLUTHBBET I ARIARTIRLIMESRAR L v NARERE V2 2HEHAL TWS., KRBT,
SERR 8 4E(1996 4F) & 0 BAFE 2540, TRk 11 (1999 FF) L 0 75 XY A D AH 2 Bigh L 7z. JT-60U
ERL Yy NAKEBOBOBEZEEEICIZY — RV T RERLTWS. —I. ¥— MYV T I
T4 AR MEFRNEICE ZENTE, AOESHOOKO SR LICh 507 TH S,
L., =NV TR EETHBET2ZEN50 > DEHET D& EDHITKBIBRERS,
I, BEVYy v Y—RBHEALTED. AXIE. Ly FOARFIZTI XIVREBENK T L
BEORLy FORBELERICEEE vy —REHES B TRy FOERERAO AN
ZRELTVS, TIXYOBENBLRBRDTERLELEZOXRL Y MO ARBEREEHICHL TS,
ZOBHE vy I —F. X Ry MIBER 9 FZANTH>TWa . BEY v v & -7,
F 4 AR MZTIZEI ZENTE, HONSDFENNT 4 AT (v vy—) T%ks&
SICLTT A AR ERDEZETEI Yy v I—FRTHD. £, TORHAANBEATH
B EMSEERERS — NV T X OENEERT 528, BRE -V RNS LD 5 s
FUANNTELUTRRAEINDZENE N, T, BEI Yy vV —RITLBRLy bOREAEIE
D ASHEEEEL. FOMEEED 300ms EERT DERHEEICHERNTELS, ZOZDBEL,
EORVY MY Y Y —REBBTHHEENH . IHIT, Dy v —BEBICXISEE—
WE. RICERLERL Yy MRREL TS — N —JORRERS I EBBEI N, —FH. X
Ly MIFEBIZDOWTIRARL Y NEIET 2T TORKFIEIITETH ZH,. —H. by b
AIMEENZBOFEHENTERNEEND o7z, T T, by FORSE O AFEE S
BHREE vy I —ROI v v ¥ e BEE S —IVEREM SR> EEEFES— ML
TORFEEERT I E LR

AL BEEES— NNV T OREHERE, BE. BEREZFIC OV THEBYZHDTH 5,
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2. 1 Ry bhARE %Hémﬁ/?/&~#%@&%
ﬁ&%@ﬁK«VvFA%&EM‘ﬁm%\éﬂ%‘@ZF/%%J:vF.&Vv%@%%
BN ENIERE,. A Ny T F— A F—0—F, T —O—F RIS N0
HAE, HEMRME, SE vy vy —F. F— NIV THARD TSN -RENE TREINS,
Fig.2.1 12 JT-60U 2B 5Ly MANEBEDEE EFOHIKRERT. BOIMELFRAL Y A
REEEIE. £9. RN THREI SR 2 EARHTZD) ZHAEANY 7 ALHe)IZ L DBH - Bt
U CEERF (BAREKESE) ZERT 5. RiZ. BFEEAKEZEA N CEBEICLOEBLELT
by MBERBICEAIND. €I T, XLy MNIBEBIZX D IHEORL v MOl an
Lo MHEDRL y MIBEOIEFCEREI N, BEEREL TWE 7 U5 —O0—F 12X > T,
HHEINs, FHEINEALy ME BERHBICIDARZINHWESIN. TH RECH2E
W vy S —REOT =NV THNEBBL T IT-60U HZERER, Xid. ARBOEZEHLED
FRARBCANZINEZ LA TH S,

LU, FHENZRVy ME SHREHOREBIZE > TR ARZE . T 50N
HB. TORENETHLON@ES v v I —HTHD, Ly FANKICIIERES v vy —5IT
Bl THBA, EWRIBRREIC (B &0, T4 A7y MWVERL., 20810 THS
Nz, £z BERBAOXRLy FAFHFMIE. b—F 20 LAIKRTHRAIO 2 FERHD, +
- DF MR IC X DIThb S,

2. 2 BARORRE

JT-60 TIIHEFI 63 F(1988 F)MS5FR 8 EF TEGHARDR L w NAREBEZERL. 7
TAREBRIHEHL Tz, BEREFAR Ly NASHER 1B I2E8HE vyv &y - &
HEOMMEA X ZBRRFICER L, BRI NZMET A 2EEEKRTHE 2B 2BICRBLT
HWoNZNIVTTHD. R 1L FLORBRLEELINESRAL Yy hAREBOBEY vv
Y RRERORGGH S A EIERLY, REFRAEEBMOREEN 250D, EElL Ty
NAHENBRL y FOBREFIEEZEMNELZNIV T ELTREBEE N2, EFERL v FASIC
BT by MEIREOAZZS T, BZENEOH BEROSEAERINE, LnL, 45
DB v v F—FRILEEREEENK 300 ms THoEIENS. HHEINARL Y FARE
PLECEEY 5 ENB Tz £ BHICHRENR EREE S — IV T ANBEE £ & 254
U, B2 BORLUOBBAEBEICED > —IVTL O U V7 NENSEBERT A L it kB —
s — 27 ORENA L;‘fc HHOET, T7IXATREBIEOR VY PARO S — ‘/Xﬁi‘ﬁitb
BHENZRLy MREERS v v ¥ —RIHERLUZEE. XLy NORETANEE v v F—
FOFREFEFOBRMICBN T, BNOERER LS ZENMREIN~, %_’C\ BmE Yy
—FHOREIE, v vV —HEECBNWT, F— MV TOEZES — )VEEEEDHEREE N X 72\
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THEREMNE SR I N, .

P vy—HTI EFERBESEL T EAA. EERXOHD, ). /22— I)liEEDD
D. HE ms 15 1s BEOHEEREOS DR ENASN TS, FiIT, XLy bAREETHE
HAIhsEET vy vy —Fld. KOEECMELERINLERANZFALEZEEE (VL /1
ROWBINZE T TR, FORBZ2T5/NMNIEDOHD) BREFO—ETHBYL /1 RESEF L
BD)—INTA—XF1 TOEEY v I —FBEY THD. @ vy ¥ —Hid I1IIVICE
EEHHTH LKV RETHERANCEI>TT I 2T r—2R5IL. THITERE L IZFEE
BEIS B THAIEEZT2HDT. TOBEE Fig.2.2 ITRT,

B — VSRR RET D vy v - — MV TEOREEERL 228 BN ZRD
TEREWRTDBONEN o, TITs ¥y v ¥ —FET—MNNTOREBREED &
SIS, iR RETED Y v v ¥ —EEER U EZE S —)VEREONREE A L R BEEEsr —
MNIVT RS §52 &7 .

o WRERAL TWEEES vy F— 0N -ERIL LB EDHD. ZOLIBNIVT
OEELbEHLE TS ZEELT.

2. 3 EREMIRR

BOMEARARL v A EBOEAMAEL, Table 2.1 IZRTEDICEAE D) XLy b
P4 X 2.1 mm M HE. FEAREEK 1~10 Hz. $HEFEE 100~1000 m/s KOS HER~7 s TH 5,
EEOEZEMEL. EARU -8 1.3X10° Pam¥/s LT, RELFERO— M-I 8T 1.3
X108 Pam?¥s AR CTHolz. TOFRGEREICUTHREITIEEHES — ML T OHERERE
TRBENH oz, BfEREIL. XLy FOBRRFNHEAN 10Hz THLH I En5 100 ms AF
T ARERS . BRI —VERTY—F)—JEE. Ry RUy M1LEOHZOD
REMEFAE 2.0 Pam3) R THETAZEICKBENERBERL. Ry NAKNEE RS
DA EOMREEHERT B I & &L=, Table 2.2 ICEEREMES — NIV T OERMEERT . BHE
B, BRtES (BEE 220 CHORRET. Xid. Bee (EEEE) 2%0 THOMR
TETEEKRT DI, ERICE, XLy F2#ElT 5558, AEPEETEA bO—JBHBE
9%,

2. 4 BEEES— NNV T OGS - E

EEEES — RNV T, WROBEHES v v Y —ROBERERRL. Flzics — NIV T
BEaA LGS Uiz, £, BEREIE. MOREE SRRSO )L ACI00VE10% (50Hz)
ZBREICENINUT TER) TER) @ w3 hRE L. Fig2.3 KEEBES — MV T OEA
WEERT. BEEMES— NNV TR, BE, REN2DOFERICH > T, TORET ()
T, AMIWVICBEEZEMT 5 & TR &5, BROREZA NO—J S E 6 15mm BEDE
DIEAR Ly NANEBR T 7 > RIVENHEAAENS/2D, 200mm B EDQX hO—7 ZHERT
BEHEND B, EE. B BOF NSy TRUBREELERTHET Iy —ELTOR
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FO—213 29mm BEICZ 5.

2.4.1 AESLOEE

EFVERTEEDES. BEREIE. 2 ho—28, 7S50y —S0BERUNITFERIC
KDRESIND, DFED. TI20P%y—DA O—rBEHERBBOBERIL. 7S50y —HEE
m)EATY 2T ONFER k) THIZ, B3H@®TENEES LT, A ho—78(x) %38
KO ETHMBETNICLDEHHERLVEINS, Fig24 BB ETINEERT.

mY) +kx =F )
F: 7522y —EKEhhke)
m; 750y —HEW g
k ; NWREE(kg/m)
X 7Py —DOENEm)

WENS, T30 Pv—ERIDAINO—IEMNE (§) 2HB2DDTI Vv —OK3H
F) & RATERES.

F=k 6 ./{1—cos(w -t)} @
0 ; B8 (m)
t ; BfERRRE(s)
w ;Y k/m=y k(g w
w; 772y —EDERke
(T rVv—sRhetbiER)
g; ENmEE

INFER 35.7kg/m(850N/mM)D R 7Y > 7 & fAAH 100ms THEIRZEFR, T3> T v —
BHE 375g. AEER T5g. ATV U 7EHMEN 0.7kgf 2T 5 &, BB HIQRLD. RIEER
A bO—7 20mm OBFEHNH 0.9kgf. A b O—77 29mm DFBENK 1.3kef EHZINZ, D
E0. VI /A RB/MTER 20mm DX hO—2 2@ B3I ERXTY > 7 EERHEN
58 1.ekgf MNRE LD, a1)VEI7— BESHD) &772 Py — (8D OIMAICE
BISEHHOHES. IMNIKBEEEZRGTLE, RETHEMACEI>TTI T+ —2H)E
T2, To500%—2WET2REIT. 750D —DEBRTEI1NVORNBIERBEMOE
c @ry—R) CEEIND, 20D, A7 —REILBV L /1 ROKSIHZEREL Z. Fig.2.5
CRFIHAERBRRZ RS, YL /A1 R 7520 — LGRS OMICER T -0 — ReJb

(WERHR) X ORELZ, 37— Fig25 IRTIT7 —EOEMN 21mm DE%ES, 17mm
DAZAT, 15mm DB YA, 18mm ® C ¥4 TROMEKRDOEHEL ¥ v ¥—FF (VACOA)
D5 BICOWTREL 2. WEIHTBRMEITEE L TELT 2. Fig2.6 &7 —IKKLDA K
O—7 &SGR ERT. R 2712 10A LTFOBEREZEELZEE. 20mm DA MO
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—7ZBNT Lekgf LEOEKSINZESN. BEHOH 237 —K 15mm D7 — B 1)
EEELRE. Z0a7—d. A NVERISAKKBNT. AbO—7 29mm ¥, 1.95kgf DEBI
hEEL. EEHEEEART 5. | -

ZZTHALZIAINE. EiR 10A BLT. BEHEIRE 40CKRWNNEE LR 140CLUTEEEL T,
a1 VBB 1034t X 6.6 Q. HakkiER JIS C4003 H fE (180C) &EEDHZ AN ELTE,
I NVOERBEATIE. BELEVNHLHOBKREFZZEL T XRLXVEHTES,

AT= (Te—T1) =@Rz—R1)./R1X(234.5+T1) 3
R:=R: {1+a(T:—Ty} '

T : I VIRE (C)

T, : BE ERBOEAMBE (C)

AT : REZ% (CT)

Ri: #WIHHEHIE (Q)

R : IRE LR B OEKIE (Q)

2.4.2 SERE DHEE
VLA REBIINC K2 @EEES — RNV T OEMERRT t Z XA SHEET 3,

a=F/m=2S;/ t2&D
t=v (2S:"W)./(F-g) : @)
t : EVERER (o)
F:VV /1 K517 (kgb)
St: 752V ¥y—ZX~O—7 (m)
W: 75 Pry—EREOMUER (kg)

TSPy —A NO—7 29mm %15 5ROEBEZHT L CHEMESE T £ TORERM BEE
ISERE) ROEEZ ISR U CHBIERE T £ TOIINERE CABERERRM) % Fig.2.7 127,
BABMERFREIGNE. VL /1 FWE (1.95kgh). ATU 2 JWE (0.7kgh) &75 0P v— &K
DHYVER (450g) MNHEHK 46ms 725, . BEERRBGNL. 75020y —EREDHEL
HRBEAT) V/MENSH 62ms L7 0. HITEKEHEHET S, UL, EBROESIH.
ATV UHE, BEOBERVSHEROERRHFICLD., HEENSDOTNEL 2 A5k
IH 5, ‘

2.4.3 FEDORE

RLw bOBRAEIEO-DITEEBES — NNV T REBEL ZEE. XL v MIEK 1000
m/s. 10Hz OEHEE TEHBERICHEICERT 5, DD, IMEIEEDOFBICH X 5N 5 HREN
BB, BPET, TOLEQRFEH AL B — M)~V 2L TELRETHI2LENH D,
ZZT, Ry FOBRIEHEHET S, Uy b (1EDOEXH 1.61 mg) PFHEFITHERL T
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BT BEEZDE I BHEICHEES AR,

Izlompr (5)
mp , by NDEE
vp: XLy bDOEE

LB, Ko T, FENRZT B EEB L.

I:F At - lompr
F=(10mp vp). At " (8)

L5, R (Q) HOEREROEHYLE AL, 0.0161N 15, ., FORIIE
P=F,/S 7

&85, Ko T . 2.1 mm AKROBERS 22 5# 3,651 N'm2 D)y (EF7) #3115
Z &5,

FEIZ AN BB (SUS304) 1. it /7 300N/mm2. 53R S 600N/mm2 &+ EEF L
T3, £k, B -V, SRNTORFESE FRKM (7 yRdL) OEROH S HEEAME
U7z,

2.4.4 G
BELEI7—EED - IVESIC L O EEUEEERIES — NNV T Oef#iE%: Fig.2.8
KR, @EMES — NV T OFEAFILG 18.2mm &L, FF 4 ZEEOAO/ILCH O/
F O ZADL D ITHNE S 16.6mm OEFICERSN/ZICF 75 > VREHEN5. £z, &
WEIES — NNV TOWRE 7 5> P 725 ICF 75 » PHME. BOLIEARR L v N ANES
KRBT o558 05 (245mm) ITED XD XREEN.

245 BRI —))

JT-60 BEZER 88 SRt 281X, JT-60 DEZEMANE (HZ2Y —2 &M 1.33X108Pam?¥/s
LIR. tHAZADDIenNT &) #HETHHERD B, ZOBENS. KNIV TORKIZ, 7K
B EBREL AT ILEL, BEERIE. TRTEBIA Yy ML B ER D — LG &
L7z,

i RO v v 2 ER. FEEEMTEIRED O U TN 0 ) L /BTidDiE
NTWEN BEMZCEREESICILMEMNREEINZ. T2 T, Zhzhilh 5B EL T,
Fig2.8 IZRT LI WHFEOEE O ) 2 VBRABLIZKWT U (0 U > 7 2I3OADMED
B L. MEOEEBEEEICIOFED O U TINEMSANICS WEEE LR, 51T,
FEOKFEE PTFE (F702) 0 Uy JHlFERZEREEICL TEE. BD. ERETHZ2E
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S Ui, 5 OFREEL. BENREZ Y —VEDSL. FRM (Z7yEDL) 0 L VE4E
5L, FKM (7 v RITL) OV > FHHEREEEICHEL TEZEL — L 2R LT,
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3. TiERR

BEREES — RNV TNE, BREAEFBLEZV L /A REAROEBEY TH B, ZD=D. Bl
FROBWBITEHOSND TSy —iB, OV TOl%E,. 75>y —N > REKEDOHRE
DFEIZDODWTHIE. ABRL =,

3. 1 EEBERR

EEEERRIE. BEOEM - 8111 X 2R EOBEBERE R OL BB ICRENNYT > KB
FERITNEIMCOVWTHER L, BAFEKELTL—YRAIE > IREHTH B A
RS ROCHEE ONEICART B 9NN NS, TN T T R HHEH 10mm O L —
YEBALE, ZOL—FTIREEN% 10mm BEORI SR, BENEENN—TETHA
W, TD=H. BIEICKAHEIZT. AC100V ENRIR O EBEMERBASIER VN > REK L E
DHREMEREOHEEHR L. BERBRRE Figd.l I0RT, L—FORESR. 283 5
EBIES — RNV T DR RICRE L. FEOND > RERRRIL L — I 2 ENE LB
ARV, FERBRBERRIE L — RO ERESD L VA DE CREEMICER L 2.
EEEERRICBNT, WMUWEZEE L & bICRERICE T ORBEENICHRANEEBA
Lz ez, EEEEg. BEEEy — NNV T AEEMRLTT S 2Dy — SR
&, HRICEDEROY L LEEZICLDINKOEB DR INZ, ZNE. 527y
—AEBI AT XD EETIT — WL, TOBNTRBICHEIBSRICNT > RUEHD
EEZHND, Fig.3.2 CRAERKOWMZRT, AMERBROGHTE TS > Vv —DHEDL O
DT DREZEORBZRPoZHDOD. ZHU. BOFERARDPEZLES —)IVEEIZDRNE
tﬁ%ﬁéh%twfuTwﬁ%%ﬁoto

3. 2 FEEGME
3.2.1 MEEROHEE

ERBERBRICBNT, 50V — a7 —OFERICKD. HEE, FEONT R, TS
P DI VRUOEENREBEORREGVHALPIT/EoTz. TNHOREGHRE LTI,
AEHHKLTHD TSP % —DERMICBIT 2EH LRI F—OEBHSBLETH S L HITL. &
B (Zyia i) 28BALK,

NEROBEEEES — bV T OMEE Fig.3.3 IORT. MEIE. 750 Vv —OBHIX)Y
F—ZEHITHEHNTAT FU 1 FMOEEEZ, TERN - ENZ BN THRBM~DT v a
UHOBAZTToI. TN OWRBEEICEY 2BEXEWES — NV TRFARNDT 2Dy
— HA FTxA b REEOHELZFFETN S OWHESFERE LT Fig.3.4 IR, 7EH
TERTREB(ICH 2 FMEEES — MV T DA NVICEEZHMT 5 &, 75 22 v —NEEZH
A9 50). KT, EXIREDF DT SNTHREDPFHEIHED ). FRIRE@ZEZZHLTHT R
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DA hETS TV —DYNEBEL TEHMDO TS 2Py —ICAMEMZ 5E). 51T, F7
BRERTOE. AT T TV —RUOHA Rz A ey v a UM% L THREIE
PHET T 5.

3.2.2 %R OBHERFE]

VL /A REBIRR X BEEEES— NIV T OEERRIL. @WRANSHELER, TS50
Y —EREOMNEE (450g) ITHA BT xA bt (150g) 235 Z &M SEEEREICHET S
ZEMFEHING, INSDOREEITH 600g THDZENS. BEMERE R CEHEERRE] 2#
FIBE. £453ms. Tlms E785, '

MR OBERFEIN 2.4.2 B THRARZAARET L VB R0k, I5IT. IOHEHET
3 EERATZ. REHENCOEBLABRBINATY 7L 2R EERI VDN 2H UCHE
ERHEELS TEB LD AT VT DNREREEZAD I EERFT L=,

AT T ATY T A 0.835N/mm GREHR). AU B 0.421N/mm. A7 >
5 C; 0.469N/mm. A7V % D;0.513N/mm D 4 BEUEML ., &4 BEBES— RN TIC
HAABBBHEEOBEINERECA bO—VRBEZHIE Uiz, #HBRIX. Fig.3.1 ITRLAEFRE
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2 1Ci=3.7x10'°Bq °
" Biv 7 A x| Im/m ' _,, 4 ECHEWHESLHES T bar, barnbd
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# =1 *
71| N(=10%dyn) kgf Ibf £ | MPaf=10 bar) kgf/cm? atm mmHg(Torr)| Ibf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 1| 00980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
i B 1Pa-s(N-s/m*)=10P(E7 X) (g/(cm-s)) 1.33322 x 107 | 1.35951 x 10~* | 1.31579 x 1072 1 1.93368 x 1072
BWHE 1m¥/s=10'St(Z k=7 2) (cm?¥/s) 6.89476 x 107° | 7.03070 x 1072 | 6.80460 x 1072 51.7149 1
x| J(=10"erg) kgfem kW+h cal (GHE8:) Btu ft * Ibf eV 1 cal = 4.18605 J (FF&#)
Z\
W 1 0.101972 | 2777781077 |  0.238889 | 9.47813x 10~¢ 0.737562 | 6.24150 x 10 =4.184J (L)
EY
1 9.80665 1 272407 x 1075 | 2.34270 9.29487 x 1073 7.23301 6.12082x 10" =4.1855J (15°C)
% 36%x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 265522 10° | 2.24694 % 10% =4.1868 J (HBEESHR)
- 4.18605 0.426858 | 1.16279 x 107° 1 | 3.96759 % 107 3.08747 261272x 10" yrmm | ps (LEH)
= 1055.06 107.586 2.93072 x 10~ 252.042 1 778.172 6.58515 x 102! =75 kgf-m/s
1.35582 0.138255 | 376616 x 1077 |  0.323890 | 1.28506 x 10~ 1 8.46233x 10° = 735.400 W
1.60218 x 107' | 1.63377 x 1072| 4.45050 x 1072¢| 3.82743 x 1072 | 1.51857x 10-22| 1.18171 x 10 1
bivd Bq Ci %ﬁl Gy rad g‘; C’kg R ﬁ Sv rem
H
it 1 | 270270 x 1071 = 1 100 = 1 3876 S 100
fie 2 B 8
3.7 x 10% 1 0.01 1 2.58 x 107* 1 0.01 1
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