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Abstract: In the experiment of HT-7 superconducting tokamak, the instability of the Magneto-Hydrodynamics (MHD)
is an important factor influencing HT-7 long pulse discharge. It is more important for Large power Current drive of
lower hybrid wave (LHW) and lon Berstein Wave (IBW) on HT-7 superconducting tokamak. Usually, we can suppress
MHD through the method to modulate LHW and IBW. The method of active feedback modulating LHW and IBW not
only can suppress MHD real-timely, but also uninfluence the drive efficiency. Aim at DAQ2010 advanced data acquisi-
tion card, this paper introduced the system of the real-time feedback measure for suppressing MHD on LHCD and IBW
heating experiment of HT-7 superconducting tokamak.

Keywords: Tokamak; Current Drive of Lower Hybrid Wave (LHCD); lon Berstein Wave (IBW);
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Figure 1. Thetypical HT-7 discharge
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Figure 2. The comparing signal with electron density profilesfor
HT-7 tokamak longpules discharges with Omic and LHCD
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Figure 3. The comparing signal with plasma electron temperature
profilesfor HT-7 tokamak lonpules dischar geswith Omic and LHCD
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Figure4. MHD instability for HT-7 tokamak
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Figure5. m = 2 instability in HT-7 with lower hybrid current
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[ 5. HT-7 LHCD B MEBEL H I MHD 1755 MHD(m =2)
EEK S AR

Copyright © 2012 Hanspub

IP(Length): 1.11s
139.89

IP(Max): 1274KA  Shot:72311 It: 3668A Def:1.63VS
TPA(KA)

68.70

-2.50
6.68

1.46

-3.75
198.34

SZHIMLHCD

94.82

-8.69
230 %NﬁiﬂﬂUMHDHIRM'ﬁ% 17(V)

4.98 MHD {5 MATO(V)

.000 257.240 514.480 771.720 1028.960 1286.200
Time (ms) 08-Jun-2004 16:04:56

Figure 6. MHD modulation and suppressed by LHCD Wave active
real-time modulating

6. LHCD EzhsERBHIET, MHD # i85 3H 3Z M

DLV & RGBSR . [H]E, SR DAQ2010 H1 double
buffer K& 7720, BT ARIERAEFIE ST .

4, MHD SERH#& 5 FndshH] gy SE IR
41. ARG RER

FERF E B RN ERRA R, XRS5
R R . B A F AR R R R, e R A
TEAPAT LR . R — YU R/, 272 T
SE SCAFEIUECHT R S M5 B (B FE R AR IR L KA
R, RIGSREREATYIA L, X5 TAE R %
AFNAIIARERSHACE; 1k, REFRK
RRAES, —HAURER, TFIREHE R .

KRS, AR FH X ZE #h (double buffer) K4 77
X, Wi, EREIEES, NEMZHX Bufferl
Al Buffer2 M40t . 24— N X Rl 1 LA
Ja, Bt Bufferl 3 1, KA RIZZPG ARk LS
BIELE Buffer2 724i%, IXHHE, REiA LI Bufferl
LR AT RO AL B R AT, RS A B Y 45 R
FIER RS KR . 24 Buffer2 REEW 7 LS, &
4 X ] LA Buffer2 BB IF AT £ Ab 3, XA,
Bufferl M IFUAH: 52 REAE-RIRAERIE 7 o R 7 XL
MeRETT LR, o R SRIEE SRR R, SE
P14 Ak FER 50 AR % 4 o ik o

1



HT-7 4K 5% LHCD J% IBW JN#SZE6 A MHD 652 K60 A 410161

P T HT-7 780 51256 A F) MHD iR i AT 5 THI )
P, FRATT 50 0 R PR IE AR X MHD {5 5 12547
iRl

7 SRR HT-7TH e R S 3 B - MHD SRk
MRS AR E

4.2. MHD IR M E X

4.2.1. MHD BRI 75 7%

NT HEAFHEAT MHD MR EERCI, 7 EEAE A
155 PR R o im0 P A P B o RO B BRATT SR 13
T W AR LIRS B A o FE AR L, FLBEAR
BRI R F 52BN LS, 192/ 2
PRIEE S . HARALBER, BT MHD FIAE SR
%%%I

Y: PRIERME, XEIY=10V.

Uper_Num: — ANl E I, K FIRIERIE Y
RAE RN

Total_Num: — MKzl Y, B SRR s A
H.

Ratio: — /Ml AN, KTIRIEBRE Y IR
FUANEOT 5 (1 Ee A

MAX_RATIO: Tl I K ELE], it F ok
Ratio > MAX_RATIO, MW K{ESH HI MHD, &
i, YNESHEH MHD.

YR DCRERN T LLE, AR RS
FEIZANRE I B R TR B BIAE Y AR AU AN 5L
Uper_Num, [RIRTHEC R THRIEBIME Y RRAE AT
ANBT 5 B L) Ratio, 24 Ratio > MAX_RATIO, 4t
AR I 10 Kk H s T IG5 A IR R4,
B, RIEEHP GG 5 A IRR I RS IXFE,
T TE BT — AR FE 31 PAY £ TSI B ARG

4.2.2. MHD RYSAREM 5 %

i EATI ) MHD {55 2 A — & FARFFE
B HISRTEE — MAE 2 K~10 KHzo 75— N6 & 1
BATLRERI R IAG T, XB, 27 i P (d 5
AR (FFT) 5005, K R M A 5 6 Ak s 5
T, ARJE B R I RHFIEAEE (2 K~10 KHZ)7E B A0
WP S b, wier BLEIWT R AE A T MHD,
() BN R B 2 U 22 48k HE R N () 48 i ik v (5 o &1 8 S
AR RGP SIEE, AR5+ MHD

12

BB E S

IS Sy S

Figure 7. MHD Real-time detect of flow chart
7. MHD SER#AERIZEE

5 RS A ik 45 5 X bl o ARG 2R g ) i 7 s
[A/NT4T 1 ms, % T Tokamk MHD S2ist E5h PR EE
i

5. SKBRERRSH

PRGSO 7753 AT MHD 1 S B A 0 A 4
i, FESRIR RS T U RCR, Bl 8 BIRi2 MHD
55 MBS S XS i L. MHD {55 5K
WERTI R g S, REPROGHE, HEEMLE. ZXESR
SEEORE, WRGRIENN HT-7 KIRARIR S
TAREN AT N B S S B KP4 B Ak, S R
PR E PSRt T AT SE ORI . Z8ad P

R R R /N T5ET 1 ms BRSNS
PEELUF, FEAH R HT-7 230 E K

Kl 9 BoR 7 HT-7 #6-~ 5w s b HA A [F]78C
%A% (1, = 120 kA, Ng(0) = 1.0, B, = 3850A, LHCD 210
K) , FHAE 5 0L (N 0. 72355 AT 72356), 5 A17% 4 MHD

Copyright © 2012 Hanspub



HT-7 K55 LHCD & IBW Ji#AszEt A MHD F S 4G & 39061

sl
Dlx#e #E0 =80 00 BAG #he ,, =181
ISEHWOMS &~ = A S T RS R RE L A AP e 4
IP[Length): 1.26s IP[Max]: 125.0KA Shot: 72355 It: 3851A Def: 1.36VS
4.98 MATOV]

MHD {55

-0.01

5.01 .
1.95 17[V]
MHD SERHR IS S
0.91 |
013 .
161.68 229,55 297.42 365.29 431,16 501.03
Time[ms) Tue Jun 8 19:45:30 20041
keE x: 0.425903 fyi 1.233835

Figure 8. The comparing signal of thereal-time measure MHD, up oneisMHD
8. MBS MHD {5 SRR B R E S HxTEL

100 4
Ip(kA)
. 12355
0 T T T T T 1 v I
4 _ 72356
] Vp(V)
2 4
0 T l T l T l T l T l — I‘ l A T
200 LHW (kW)
O L] l L] l L) I L) I L) I L] I L]
2 .
] Feed back Signal (V)
0 ! I ! I v I N I N I Y I Y

0.0 0.2 0.4 0.6 0.8 1.0 1.2
time (s)

Figure 9. The comparing signal with and without active modulation LHCD at HT-7
9. HT-7 AFHEHE KA HSEHERBESMEZET MHD EFIF KM R IFESHE S HXTEL

Copyright © 2012 Hanspub 13



HT-7 4K 5% LHCD J% IBW JN#SZE6 A MHD 652 K60 A 410161

SEIN IR ARFE S S MHD 46— XS . 72,356
UOBCRIN, ARZ A e AR, MHD 3B 4
o 72,355 IRUTBCRE , ARA% 3 B MHD ()55
WA S se - EE, MHD #5823

6. B4

IcNEA

SCEGRAT, MHD ) SRS A% 1) 2R 58 1 i
(A2, R GuA e RS (RN T-55 T Lms, ARG
FasE nT &g, S84 R 3 30 S 1R A A U 1 S 56 2
Ko TE HT-7 5~ 1 sa R 2% ik SRSl ke F v e
HiZ T MHD [ SERAS I S R ) R 4t, SEIl T
TR B TR R FE S AG I MHD,  PRuis, R
T SR A IR B PR IR A R GE, BT SE I
SERF VMR AL s Th R . fHA3AE HT-7 FE RS w b
ORI | BT AR AS B PR (O SIS T, B T BASK
BT R4 MHD, XABGEIR B IRZ 8% . f£EH
SRR IE S (S 10275068) 3 #7 K, Jd il Pk Hh 7E
HT-7 $&-R 5o @S 17— 2 52y R IS A ot it )
ARG, K U K 2% B T 8 00 T R
MHD, 200, WEAR 1 #if MHD AfaEtt, &
T G0 55 B TR I R AR 2 () SR 00 45 TR S0 E I, X R 2
AN RAGRE LHW 1730, BUR T 8 s MHD
SRR, R IEFE R G S B AR A &

7. B

I HT-7 25 B is 4T 4080 LHCD & IBW 48,

BE Rk (References)

[1]  D.van Houtte, et a. Recent fully non-inductive operation results
in Tore Supra with 6 min, 1 GJ plasma discharges. Nuclear
Fusion, 2004, 44(5): L11.

14

(2

(3]
(4
[5]

(6]

(7

(8l

(9

[10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

S. Itoh, et al. Recent progress on high performance steady state
plasmas in the superconducting tokamak TRIAM-1M. Nuclear
Fusion, 1999, 39(9Y): 1257.

B. Angelini, et a. Overview of the FTU results. Nuclear Fusion,
2005, 45(10): S227.

J. Pamela, et a. Overview of JET results. Nuclear Fusion, 2003
43(12): 1540.

S. Ide, et a. Sustainment and modification of reversed magnetic
shear by LHCD on JT-60U. Plasma Physics Controlled Fusion
1996, 38(10): 1645.

J. Liu, et a. Lower hybrid current drive experiments with
graphite limiters in the HT-7 superconducting tokamak. Physics
LettersA, 2006, 350(5-6): 386-391.

J. S. Mao, M. Q.Wang, Y. Pan, et a. Improvement on Tokamak
Plasma. Electron Beam Injection High Power Laser and Particle
Beams, 1998, 10(3): 421.

J. S. Mao, J. R. Luo and J. Y. Zhao. Dynamic stabilization by
modulated toroidal current on the HT-7 superconducting Tokamak.
Chinical Physics Letters, 2002, 19(2): 220-223

B. J. Ding, et d. Studies of high confinement plasma with lower
hybrid current drive in the HT-7 superconducting tokamak.
Nuclear Fusion, 2003, 43(7): 558.

X. Gao, et a. Long-pulse discharges by synergy of LHW and
IBW heating in the HT-7 tokamak. Journal of Nuclear Materials,
2005, 337-339: 835-838.

J. S. Mao, J. R. Luo, B. Shen, et al. Observation of magnetohy
drodynamics Instabilities in ion Bernstein wave and lower hy-
brid wave current synergetic discharges on HT-7 Tokamak. Chi-
nese Physics L etters, 2004, 21(7): 1310.

S. lde, T. Fujita, O. Naito and M. Seki. Sustainment and
modification of reversed magnetic shear by LHCD on JT-60U.
Plasma Physics and Controlled Fusion, 1996, 38(10): 1645.

J. S. Mao, et al. Dynamic stabilization by modulated toroidal
current on the HT-7 superconducting Tokamak. Chinese Physics
Letters, 2002, 19(2): Article ID 2220.

J. S. Mao, P. Phillips, J. R. Luo, et a. The Experiment of modu-
lated toroidal current on HT-7 and HT-6M Tokamak. Plasma
Science & Technology, 2003, 15(1): 1641.

J. S. Mao, J. R. Luo, et a. MHD suppressions with active feed-
back modulating LHCD on HT-7 Tokamak. 46th APS-DPP Sa-
vannah, GA, 2004: JP1.043.

J. S. Mao, et a. The experimental results of MHD suppressing
with modulating of LHCD on HT-7 Tokamak. Plasma Science &
Technology, 2005, 3: 2816-2818.

J. S. Mao, H. Wang, J. R. Luo, et al. Modulated lower hybrid
current drive suppression of MHD m = 2 modes on HT-7. 47th
APS-DPP, 2005: CP1.00117.

Copyright © 2012 Hanspub



