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Low—power and Long—pulse Test of a Klystron of the JT-60U LHRF Heating System

Mitsugu SHIMONO, Masami SEKI, Masayuki TERAKADO, Koichi IGARASHI¥,
Kazuhiro ISHII®, Masami TAKAHASHI*, Shin—ichi SHINOZAKI,
Shinichi HIRANAIL Fumiaki SATO* and Katsuto ANNO

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

Naka—machi, Naka—gun, Ibaraki—ken
(Received July22, 2003)

Low—power and long—pulse test of a klystron of the JT-60U LHRF heating system was
done, which was needed as a Radio—Freguency (RF) source to demonstrate the
effectiveness of electron cyclotron resonance (ECR) discharge cleaning (DC) in cleaning
first walls.

The klvstron was tuned for high-power and short pulse operation of 1 MW, 10 s but its
operational conditions had to be changed. Then, at first, available beam currents were
estimated for long—pulse operation from the performance of its power supply. It waé
clarified that the power supply could be operated continuously at the beam current 4.4 A for
the beam voltage 72 kV. The output of 40 kW was obtained for the above conditions when
resonant cavities of the klystron were actually tuned. The Operation at 40kW was tested for
60 s with a dummy load. The temperature of klystron collector was saturated at about
120 ° C after 20 s. Therefore, the continuous operation was concluded to be available at
this power level from the capability of collector cooling.

In the ECR-DC experiment on JT—60U, the operation of 30kW—45 min was successfully

done.

Keywords : JT-60U,LHRF ECH ECH-DC Klystron,Low—power,Long—power
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3. 3 TiRHkIRBOFAE

A OE—LERABRMFRE—LEFR44ADSAAPAVARER) H 5 17.5A(0
SARMOV1AEROEET, B DCG IEREEEATHETH D, S TIE, ZOFH
ADE—LEBRICHLT, IS/ AMAVHANRKRELGD LIV TAAAVE R IR
DFBEIT o=, BEE—LEBFEETIX, ECR-DC EERIZHNELHISAAMAVH B AT 50kW
(B8] b &b 1RL -,

FDHEEIZDVWTTRIZET,

(1) IS4ARFECORIREER (/VULXIE) Z 100ms ITEET 5,

(2) HSAAFAVERBERDD, ZDLE, MIREERROFREESHIRFORKRE
RYEHNERAET S,

(3) BHA-E/ LB (AR IcRELSh-ERAAIRBELNLHEET S,

(4) RTICKYP/—FEREZHIELT.E—LEREHET 5.

(5) HSARFAVHEANRKELGDLSIC, BRARBORBEEZERDS,

(6) IUSARPAH A 50kW LLFDIZE L. NER(3) ~ (5)#BYERT,

ERIL, VS AFOVERBEIRIRDO 1 ORIREF(CV-2) ZBIMNL TSRV H
MENRBZHERIZDLT DEIALIz, HEECATHEANTHREIRETE 51 DRIDEICRE
L1z ZL T ESHIRIBF (CV-I)ZBMNLISA R AV A ENEERICEIMLT (F
F1SH) . TOBRERS—1ELTED. RI-1HEDMNDESIT E—LERN
18.6A & 45A D &E, RBELRIFAHFIHBEIBEE LS L. AFATHIHEBOLE(LEL. 2R
HIRZE CV-1(-1), CV-2(+3), CV-3(-9)& CV-4(-13)¢&7ioT=, THTEM D REAFIHZEE
BMETIHEIE, EIZ CV-2,. 3 4DFRELXZEETNIXRVLIEAHIBAL -, F-. B
A 1.74GHz DIFEIL, CV-2&3%. 2.23GHz DIFE L. CV-32ZF BT NIXBLI\ZEM
$of= (fHF2EH]),

#&3—1 FEFREIFHREEL HDREE (B KE#$:2.00GHz)

ATT |RTERE | WA | »hE EEEEEEE A ]

[dB] kV] [A] kw] [«] |cv—1 cv—2|CcVv—3|CV—4|CV—5

146 162 153 152
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RFAGIHBOLEILE ~1 +3 -9 -13 0
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3.4 E/NLAEE

COTIR. HIEICHEZEH (ARR. E—LER. ERAES) ZHAVTERELE. &
ISILAEBRIC ORI T 5, ,

E/LAHBTIE, ERERBUAOEFIZEVL T, FRLALWRBIEREZLEIZLS
BREBEBFEOEOICEEREELAARETIIENDESNDI D, BEEHET
STENKRETHDEBEZ TREEIT oI

HEAELLTIE. S/ ROV ABBINTLZEFHTORSHEBENSIE. /L
ZEARK 10 ETODEEEIT >, RIZ, FAZ5 - /UL REREBREBRNT, R4
HEMNSIE/ULRBARK 60 BETODERET oIz, COLEDISARAAL-aLY4E
—BEEHIIL. REGISARIOVH AERERL .

H3—51%. E—LEH 45A. 7ULAIE 10 R B CEGETo-EEDISAALOY
HAODEBRERERT, T—00 B0 T 222012, 954X O HANEITIE
TFlLizo SOKSBKREIZES S EIZIETCIIE—LBEE YIS HITNIERESHRL, 2D
FOTKENRELLGEIE. BRRRERCETRENRELEHASNIOT.WE
[EEREEEIE T AT T EERELE T RIEALE0,

—LEBR4A

H3—5 9SAAFOVHIOEE R




JAERI-Tech 2003-075

B3—6[&. /NLRBEIL IV 4—RBELOBRETRT . V54 AAVH TRIRE
2.00GHz, E—ALBH 45A, HHEH (40~45kW) [ZEW T, /NLAEZIBREILLEK
60 ETEEHL. COLEDISAR AV DAL YA—BE (37N ZRERICKYEHRIL
3D THS, M3—6nohMBDEIIT, /NILAIEA 20 LLEICHSE, ALYE—RED
ERENDVEGY, ZIERBBEICELTVDIERDNE, CORBETH>TLVARIC
[, T954ZhAY-aL Y5 —BEB(50°C) JI2& B4 02—y 2 IEBIEL TLVELY,

—_
(]
<

) !
| |
l |
(3) 120 I .y
~ I;E—l-,:%.:_z ) .
y 100 I
i 1 e
'I‘ /s et
ﬁ 80 i } :
D ,& , T
n 60
[ | RTEE 26kV
: EiE% 2. 00GH z
o I R Hh 29~35kW
20 ;
0 10 20 30 20 5 = |

A & B R (#)

K3—6 ASEERM — aLY4A—RE




JAER]-Tech 2003-075

H3—-7305(ARMAVDEERBEHEARIMLTFSAF—TRELEEDRK
BTHDB. COREEMISTOERSIL 2.00GHz THAZENFEZR TE-, 2.00GHz T 40kW
DHAEE—S%ES 2.00+£0.02GHzTH 7115-30dB FBE1/10000TH B, [ZIZHFHEY
DHEAEEABENTZ. BE. IS/ AMAH AREEEL 1.74GHz & 2.23GHz [ZDUVTIE,
LA 10 BETORBEEREL-,

H3—7 ARSrOAFFSAH—ER

ERAamZERALEE/ ULARBEEEL T, aLI4—EEA 20~30 FTEFIL.
RKEBETEH 1200CUTTHAZENDISA R AU D AHEAEHRIZBLTVSIE
PEEEMNTE, T, IS RFAVEAE#AT N TOEVWIEABE BB, CHEETE
fzo CHBDTEMS, JT-60U [ZHULVT ECR-DC = DEEENEHB TELIEABELNE

Ay falt

Jo— 19___




JAERI-Tech 2003-075

4. ECRIEBEREIHITHEERFER

4.1 BIROBE

ECREE®XFADEGTIE, ERELZVVEZ CERKHE hEERM (305 0L)
FPUOTFHFMLEEBEAAFLT ECR 75X 4/MT S5, COBS. BEEE. ELED
FoTTOREEENABESN . BEARTEALZEE (RX60F) [THAFIRERA
RAGABIEDLREZDERNBEEL T, WERAEEGR. 7SAXCAVHANT
MNEKIEGE  EAT T T ERHOBRENARBMCERUALEEE, FCITIT4RX
FOVAEBRLTOAERRA NDZIEDS, HAVIXISA RO ~DE—LEBREEZYS
HEIZKY, BBEABELEVESI A I—DOvI%ERB Lz, SLIZESISYHHDEER
DRENEEIE 100°CLLF THAHA LR RN SEIGZT T o1z,

4.2 T—U80F%

JT-60U DEERFEHIZEDHT CT.LHRF NBEBEDHEIE/ L RIBEEZAIENE
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4. 4 ECR-DC DZhE

EHA-R/SIVARICRABSN IS AV AEFERLT, EREBHDE &
DREESEET o= ZOBED ECR-DC DFRIZDWTTFREIZER S,

ECR-DC(RFERAS) #EMEL ., HHIN BN FO LEEHAIL Iz, V54X AV F
BH%1.74/2.00/2.23GHz. EE L ECROKBEDBEZEER =, LI, AFTT 5
BORBEREZEZATER) FoLBHICKREGEIRSNG N1,

RIZ, BMEARIZBAR. AUD L, PILTUERL, TDCOGDCED AL 8% 1T
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5. F&H
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SNTWST=0, BE - K/ ULREENTBELAD L512. BREEINSERTTRERE —
LEBRAHML. X512, EER, IS5/ ROV OAFBE AN SBEY)EIHESERETL
Tzo TOHRE . E—LBE 72kV,. E—LEFK 44A DEEEENTRETHDI LEHSMNIC
Lt
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S5 3R

1)JT-60 SFREHREE-F 114 —RF NREE —
2)K.Ushigusa,etal. Fusion Engineering and Design 45 (1999) 137-144

(Electron cyciotron resonance discharge cleaning by using LHRF system on
JT-60U)

3)ithE {EFE . JUAERI-M 88-182
4)JT-60 BERIRERIV p246-251
S5) R TOIXZHERER JT-60 SRARMBEE IKHAED—2.722
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fTEx2 o
H RS ER TS R
1. EAGIHSEREEORZNEZEOHNEEL
1—1) 1. 74GHz .
MR IRTEE| E—4L | L4 | 754R 0| RAHEIRREE
W %) kvl | BRA|EEM HHELWY M jev—1|cv—2|{Ccvy—3|CVv—4|CV—5
Bl 26 | 45| 784 27108 17 | 22 | 43 | 38 | 14
_fﬁ: 26 45] 78.0 1351 381 17 23 35 38 14
1—2) 2. O0GHz
W |RTERE| E—4 | aL92 [|9514X 02 mE RIZAHI R R B 1E
B /%) [kv] | BRIAl | BEIV] [HAOBHIWY %] jcv—1]cv—2lcv—3|CV—4|CV—5
I | 26 | 451 765 2006 ] 133 [ 143 | 171 [ 166 | 152
_jﬁ 26 451 78.0 40.7 J11.5] 132 | 146 | 162 | 153 | 152
1—3) 2. 23GHz
B IRTEE| E—L4 | OLYE | VSAR MOy R RARHBRREE
BL/#] [kv] | BREA] | BENV HABAKWY K] cv—1|Ccv—2|[CVv—3|CV—4|{CV—5
Bi | 26 | 45] 788 791221 267 | 275 [ 302 | 297 [ 333
{ 26 44| 78.6 39.9 {1141 267 | 276 | 291 | 295 | 333
FEANEE—LER186ANCEHERFAHEBR BTSN TNSE
BIEE—LEFTASQICAHERAFIHBE TSN TLSE
2. E=LERA) vs HATBAKW)
2—1) 1. 74GHz
ATT IRTEE] E—L4 | avsg 95020 % B ERSEE
(dB] | [kv] | EF[Al| BEV] [HABAIW)] %] Jcv—1|/cv—2|CV—3|CV—4|CV—5
26 45] 78.0 13.51 3.8
27 48| 784 1741 4.6
0.25 28 5.1] 784 2121 53] 17 23 35 38 14
) 29 531 776 2581 6.3
30 561 78.0 31.1 | 7.1
70 18.6 | 77.3 423.6 12941 17 22 43 38 14
2—2) 2. O0GHz
ATT [RTEE| BE—4 | AL9% | 931X O] HE B RS EE
[dB] | [kvl | EBHRIA] | BIEIV] IO EBAHMWY %] JCV—1|CV—2|CV—3|CV—4|CV—5
26 451 78.0 40.7 111.5
0.25 27 481 71.6 498 1134 132 | 146 | 162 | 153 152
' 28 511 78.0 59.0 |15.0 '
70 18.6 | 76.5 546.9 |138.4 | 133 [ 143 [ 171 | 166 | 152
2—3) 2. 23GHz
ATT |RTEE| E—L4 | aLy% | 954X O] $hE SR B R
(dB] | [kvl | BR(Al | BEIV] [HABAIWY [ lcv—1|cv—2{Ccv—3|CV—4[CV—5
26 441 78.6 399 1114 ] 267 | 276 | 291 [ 295 | 333
0.50] 26 441 78.6 68.3 119.6 | 267 | 275 | 288 | 297 | 333"
70 189 ] 76.9 667.0 1458 | 267 | 275 | 302 | 297 | 333
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4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ B 1Pa's(N-s/m?=10P (X7 X)(g/(cm-s)) 1.33322x107* | 1.35951x1073 | 1.31579x1073 1 1.93368x1072
BI#E  1m?/s=10"St(R + — 2 X){cm?/s) 6.89476x107*|7.03070x1072 | 6.80460%10™2 51.7149 1
x| J(=107 erg) kgf-m kW-h cal(FHR#%) Btu ft-1bf eV 1 cal= 4.18605J (&)
%
v 1 0101972 [ 2.77778x1077{ 0.238889 | 9.47813x10™*| 0.737562 | 6.24150x10%® = 4.1847F (2fk2)
EY
] 9.80665 1 2.72407x107°| 2.34270 0.29487x107%| 7.23301 612082 x101° = 4.1855] (15°C)
i+ 3.6x10° 3.67098 x 10° 1 8.59999 X 10° 3412.13 2.65522x10° | 2.24694 x10% - 4.1868] (EBELE)
% 4.18605 0.426858 | 1.16279x10"¢ 1 3.96759x107*|  3.08747 2.61272x10°  pmm 1 PS(AE )
# -
B 1055.06 107.586 | 2.93072x10™*| 252.042 1 778172 6.58515 x 102 - 75 kgf-m/s
-7 -3 18
1.35582 0138255 | 3.76616x10 0.323890 | 1.28506%10 1 8.46233x10 _ 735.499W
1.60218x107"° | 1.63377x1072°|4.45050 %1072 3.82743x10°2| 1.51857 %1072 | 118171x107* 1
bid Bq Ci % Gy rad ;EI C/kg R & Sv rem
? 1 2.70270%10™" @ 1 100 & 1 3876 % 1 100
& hiiy B
3.7x10" 1 0.01 1 2.58x107 1 ® 0.01 1

\
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