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Plasma Current Start-up in a Spherical Tokamak
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The various plasma current start-up techniques and related topics in a spherical tokamak (ST) device are described. The
Ohmic heating coil current clamp experiments in NSTX are described and discussed, and the plasma current start-up experiments
in the STOR-M tokamak with iron core and the outer vertical field coil is presented as one of technique for a plasma current

start-up in a ST,
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Fig. 1. OH clamp experiments in NSTX : (a) the plasma

current, (b) RF power, (c) the internal induclance, (d) the
surface loop voltage, (e) plasma encrgy, and (f) Ohmic coil
current. (#115448 and #116449: RF with OH clamp.
#116461 No RF with OH clamp).

(2-2) STOR-M §&:ix FHT 2 ICHIT 5 BIETHRIBD
ANERVWETSXATBRRS— Py TRE  Lido
£RIZ, STIZBT A FA-EHRRY— VT v TOERBR
EHEYVHESBELARVDT, NSTX FA—7OH%HE L %%
L, B 10cm BIEO/NYSBKLE STO RO S Laf o
PLEICR L, 7 X-WREERT D Hikx, 7AR
7 MEMETRE RSB DD, CIF RHBY ARD
&tk olz, (A LELEPLICAN, —~REREE
HEPiz, 77 X~z Sn- Rilgh=a A1
T X-liiE L b EF3 &N TEE, v 7n
REENRFREL R D16 THD, FEE ST ILRIT S/ B
DO AARRFHBBOER Sibick > TR
AW, ZoHERICRMENL Lidhhot,

St T™M-3 IZHED F U< 7 BFROBERO— BRI TH
o, FNRHFLOBEORIZFMLTHEWERTK
ERTIT AW EERTEEMLLTHY, YT
A WARE THFRE L~ THEH FERIZ b7 RERT
¥l Thd, LOHLELIZOMMELROMDICER
BIEOL O 2RV R 2 S4B E TRV TITKRBIZH
HEah#{ia 2255, AIBBLELITIERT YRR
BMOSH LR ETH D201, HLORMTRIBE
XL, RBRIIELL 2506 THH, KHIXL ¥ -
YR2ANF 2T kKED STOR-IM s b 2= 7 DR HRE
iz, §kO b b= s ORI OV TERM, FTERMIZH A,
RO LD MRG0 (1) LR TRESDBIL R
FICRD AR R L - T, SROREVHAICLTY
bwd A A—CBBFBNENRS, (2) —&kaAf G
MM USLHARIT S L, 0L A—CRBITNL, —&
A MEER A NERD, (3) EFHUAMBOH LTI
&, Bl — & o A VEERIMIC X 2§08 & i iE
{ZhhiE S hplfnd 5,

ZhoEHEEU CTF /RSO ERIA 4~ < BldahY, &

|EEJ Trans. FM, Vol.129, No.9, 2009



ST &3 h Lif

Contrr
o /honeofo
Outer BV coi
[ ]
Qmmwi

# /J\..__ Feadback

l Feedback BY coil
.‘/-—" {retum)

tnnor BV coil
{relum)

Fig. 2. Outer OH coil (we call this outer vertical coil in this
paper) and vertical coil winding with retum winding in the
STOR-M tokamak.
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Fig 3. Plasma current start-up cxperiments using the outer

vertical coils in STOR-M : (a) plasma current, (b) the loop

voltage, (c) plasma position, (d) the outer OH coil current, (¢)
the outer+inner vertical coil current in series connection, (f)

By fecdback coil current.

FEHZEMT DO TCHELRT P LETH D, LDk
faf, W% TRATOBRBELTIOTEDZHO
RHELLEToTL B, TOLIZHELILE->TIYT
FSX2RHEDPAZ— b7 o FTIXHEFICHBIC B8, 20
HOMBEIZF+RIcEELRTAIER LT, SBONMAL
BYTh U TH B,

LML, CTF I/ RIELEANRD AN—ZAiHN
EMMESa AV EAND Z L LTRERDTC, SODIER
BiICHM S VIREN TR E 2D, ZOBANLRIE
MR a L LEFIB LRI LT bBNDTHS,

(% 21 4E2 H 20 HEAF, T 21 46 4 A 22 B iESEH)

X [

R. Raman, D. Mueller, T. R. Jarboe, B. A. Nelson, M. G Bell, M. Ono, T.
Bigelow, R. Kaita, B. LeBlanc, K. C. Lee, R. Maqueda, J. Menard, S. Paul,
and L. Roquemore : “Non-inductive solenoid-less plasma current startup in
NSTX using transient CHI”, Nuc!. Fusion, Vol 47, pp.792-799 (2007)
WM 3 0 TPRR 9 R AR M S, NIFS (2007-1)

O. Mitarai : “Inductive Plasma Current Start-up by the Quter Vertical Field
Coail in a Spherical Tokamak™, Plasma Phys. & Controlled Fusion, Vol 41,
pp.1469-1483 (1999)

Y. Takase, T. Fukuda, X. Gao, M. Gryaznevich, S. Ide, S. ltch, Y. Kamada,
T. Mackawa, O. Mitarai, Y. Miura, Y. Sakamoto, S. Shirmiwa, T. Suzuki, S.
Tanaka, T. Taniguchi, K. Ushigusa, and JT-60 Team : “Plasma Current
Start-up, Ramp-up, and Achicvement of Advanced Tokamak Plasmas
without the Use of Ohmic Heating Solenoid in JT-60U”, J. Plasma &
frusion Res., Vol.78, pp.717-718 (2002)

O. Mitarai, Y. Takase. A. Ejiri, S. Shiraiwa, H. Kasahara, T. Yamada, S.
Ohara, TST-2 Team, K. Nakamura, A. lyomasa, M. Hasegawa, H. Idei, M.
Sakamoto, K. Hanada, K. Satoh, H. Zushi, TRIAM Group, and N. Nishino :
“Plasma Current Start-up by ECW and Vertical Field in the TST-2
Spherical Tokamak™, J. Plasma & Fusion Res., Vol.80, pp.549-550 (2004)
A. Sykes, J-W. Ahn, R. J. Akers, E. Arends, K. B. Axon, R. J. Buttery,
C. Byron, P. G. Carolan, D, Ciric, N. J. Conway, M. Cox, G. Cunningham,
A. Darke, J. Dowling, M. R. Dunstan, A. R Field, S. J. Fielding, S. Gee,
M. P. Gryaznevich, R, J. Hayward, P. Helander, M. B. Hood, A. Kitk, 1. P.
Lchane, B. Lioyd, G P. Maddison, S. J. Manhood, R. Martin, Gi J, McArdle,
H. Meyer, M. Magrath. A. W. Morris, MPS Nightingale, T. Pinfold, M. N.
Price, C. Ribeiro, D. C. Robinson, V. Shevchenko, K. Stammers, A. Tabasso,
D. Taylor, M. R. Toumnianski, M. Valovic, G Voss, M. J. Walsh, S. E. V.
Warder, H. R. Wilson, the MAST, and NBI Teams : “Resulls from the
MAST Spherical Tokamak™, 19th IEEE/NPSS Symposium on Fusion
Engineering (SOFE), Atlantic City, USA (2002-1)

(1)

(2)

(3)

(4)

(6)



(7)

(8)

(9)

(10)

(1

(12)

(13)

(14)

(15)

(16)

G F Counsell, R. J. Akers, L. C. Appel, D. Applegate, K. B. Axon, Y.
Baranov, C. Brickley, C. Bunting, R. J. Buttery, P. G. Carolan, C, Challis,
D. Cirie, N. J. Conway, M. Cox, G Cunningham, A. Darke, A. Dnestrovskij,
1. Dowling, B. Dudson, M. R. Dunstan, E. Delchambre, A. K. Field, A.
Foster, 8. Gee, M. P. Gryaznevich, P. Helander, T. C. Hender, M. Hole, D.
H. Howell, N. Joiner, D. Keeling, A. Kirk, I P. Lehane, S. Lisgo, B, Lloyd,
F. Lott, G P Maddison, 8. J. Manhood, R. Martin, G J. McArdle, K. G
McClements, H. Meyer, A, W. Morris, M. Nelson, M. R. O'Brien, A, Patel,
T. Pinfold, J. Preinhaclter, M. N. Price, C. M. Roach, V. Rozhansky, S.
Saarelma, A. Saveliev, R. Scannell, S. Sharapov, V. Shevchenko, S.
Shibaev, K. Stammers, J. Storrs, A_ Syvkes, A, Tabasso, §. Tallents, D.
Tayler, M. R. Tourntanski, A. Tumner, G Turri, M. Valovic, F. Volpe, G
Voss, M. J. Walsh, J. R. Watkins, H. B. Wilson, M. Wisse and the MAST,
NBIL, and ECRH Teams : “Overview of MAST results”, Nucl Fusion,
Vol.45, pp.S157-5167 (2005)

E Alladio, et al. : “Plasma formation in spherical tolkamaks without a
central transformer solenoid”, Current Trends in International Fusion
Research: A Review, Washington, D. C. (2005)

R. Kurihara, S. Nishio, K. Ushigusa, et al. : “Control of Fusion Power in a
Steady-State Tokamak Reactor”, Proceedings of 10th International Toki
Conference, Toki, Japan, J. Plasma & Fusion Res., Senes, Vol.3, p.553
(2000-1)

0. Mitarai, R. Yoshino, and K. Ushigusa : “Plasma current ramp-up assisted
by outer vertical field coils in a high aspect ratio tokamak™, Nucl Fusion,
Vol.42, pp.1257-1272 (2002)

M. Ushigome, 8. Ide, S, ltoh, E. Jotaki, O. Mitarai, §, Shiraiwa, T. Suzuki,
Y. Takase, S. Tanaka, T. Fujita, P. Gohil, Y. Kamada, L. Lao, T, Luce, Y.
Miura, O. Naito, T. Ozeki, P. Politzer, Y. Sakamoto, and the JT-60 Team :
“Development of completely solenoidless tokamak operation in JT-6017,
Nucl Fusion, Vol 46, pp.207-213 (2006)

5. Nishio, M. Sato, K. Tobita, and Y. Nakamura : “Operational Flexibility
of C8-less Tokamak Reactor”, 15 [ tional Toki Confi
and Advanced Technology, ITC-15, RDI-3 (2005-12)

0. Mitarai, S. W. Wolle, A, Hirose, and H. M, Skarsgard : “Measurements
of the Image Field in the STOR-IM Tokamak™, Plasma Phys, & Controlled
Fusion, Vol.27, p.395 (1985)

0. Mitarai and A. Hirose : “Current Drive Operations in a Tokamak”, .J.
Fuston Energy, Vol 4, p.395 (1985)

A Hirose, C. Xiao, O. Mitarai, J. Morelli, and H. M. Skarsgard : “STOR-M
Tokamak Design and Instrumentation”, Physics in Canada, March-April
Issue, pp.111-120 (2006)

0. Mitarai, C. Xiao, D. MaColl, M. Dreval, A. Hirose, and M. Peng :
“Plasma current start-up by the outer vertical field coil in the iron core
STOR-M tokamak for CTF", The 13th ISTW (2007-10)

ce on Fusion

(EE) 19504 11 H 14 B4, 197443 A L
RS, TP T e as e, 1981 48, 1%
fid, #RAHF oD REEANES FTAT
=B — e R CE, UK - REAR RO
U — RN, BT, STOR-IM @
SYETRUE, AC B 2 iER O SEER, DT MY
~ 7 RS IF OMBERE, D He R~ 24P,
D-He STHE O#EFFE, DT~ U A/ BBEHHO PID
FLERREOME, =2 2B ENBELRVWETY 7 X+
TS5 LT RO e s/ &,

(JE=H) 195943 H 18 B4, 1987 411 1
20 R University of California, Los Angeles %5 %,

PhD in Fusion Engineering and Applied Plasma
Physics, H17E, (¥ Princeton Plasma Physics
Laboratory, Principal Engineer (ZT£45. Awards:
1994:David  J. Rose Excellence in  Fusion
1997 : US ITER Home Team Merit
2006
Distinguished Engineering Fellow award from Princeton  University

Charles Kessel

Engineering,
award for discharge scenario development,

Plasma Physics Laboratory.

B GESBA) 1941 48 H 16 B, 1965 43 AR
RESRSERHE, BE, Y ARG F v
K5 Plasma Physics Laboratory, Professor/Director,
FAPS (1981), FIEEE (1986), FRSC (2000), Canada
Research Chair (Tier 1) (2001). Recipient of
IEEE NPSS Merit Award (1994) and Plasma
Science and Application Award (1996). Member
IUPAP Plasma Physics Committee (2008), Associate
Editor IEEE Trans. Plasma Science (1982-), Can. J. Phys. (2007-), Phys.

Rev. Lett. (1997-2001), Saskatchewan Centennial Medal (2006).

608

IEEJ Trans. FM, Vol.129, No.9, 2009



