B1E FE3W EhAREREE Vol. 11 No.3
2024 4E 5 A SOUTHERN ENERGY CONSTRUCTION May 2024

S| AR T T K D5l SRl g b R A [07. B BEUREE L, 2024, 11(3): 1-10. WANG Teng. Quench voltage detection for superconducting
magnets in tokamak [J]. Southern energy construction, 2024, 11(3): 1-10. DOI: 10.16516/j.ceec.2024-092.

RS EE SR KERERIUKEA

B
(P BAHF A RA SRR 5 BT R BB R PT, %8 472 230031 )

WE: [BMN]AR ST FTE LA ETOAM, s, THENXBIRMNTRIER FRKBEIT L0 XENE,
FARTEBZANVRSFR, [FRIXIFHATETRIKEAR L RIEMNG 5k REAEIER, MBMIET L2
WM RARATEZHTLARINMRAGEARBIRMNFTE, NEBT AR ERMNGARARERTE, FALRET
HFLAEREE (EAST) A4, bk s RN THRBRAASSHAH, 3B BHAMIGAMET £, SFEIME
AMERAC AT AR Fo S B FR48 6 T KAMEAH . [ERIFEMNEREN, ZAMEF FH8 % FE W 99.9% A Lk
BRI, AR ERRRN AR TN, [ER]1F e BAMERAL AT AR o 5 B F 0456 T H 3 A 4b
B TR Z AT L LEER, R A A RR T o) KRB L fe bR & ABATHRELERE,
KW T LA, BFRMR; KMRIRM,; BEETHIPH; EAST a5y
FEAHES: TL631; TM26+5 XHkFRERAS: A XEHS: 2095-8676(2024)03-0001-10 ; ;",-,,-;I-:

DOI: 10.16516/j.ceec.2024-092 OA: https://www.energychina.press/ E] K :
WX 4R

Quench Voltage Detection for Superconducting Magnets in Tokamak
WANG Teng™
(Institute of Plasma Physics, Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, Anhui, China )

Abstract: [Introduction] The superconducting tokamak serves as the foundation for steady-state operation. Timely and reliable quench
detection is the key to ensuring the secure operation of superconducting magnets, which has the highest level of safety in fusion device
operation. [Method] This paper provided an overview of the principles and implementation approaches of the quench voltage detection
for fusion magnets. It briefly summarized the research progress of quench detection and the quench detection schemes adopted by
mainstream tokamak devices, and introduced the basic principles and processes of quench voltage detection. Taking the experimental
advanced superconducting tokamak (EAST) as an example, this paper analyzed the interference sources and coupling mechanisms of
quench voltage detection, proposed a two-stage decoupling compensation scheme, and established an optimization analysis model for
primary compensation and a dynamic compensation mechanism for plasma-coupling interferences. [Result] The experimental results
indicate that the compensation scheme can achieve high noise suppression ratio greater than 99.9%, which can effectively improve the
signal-to-noise ratio (SNR) and reliability of quench detection. [Conclusion] The established optimization analysis model for primary
compensation and the dynamic compensation mechanism for plasma-coupling interferences can be extended to other tokamak devices,
thereby providing necessary accumulation for the design of quench detection and the secure operation of magnets in future fusion
reactors.
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Fig. 1 Superconducting magnet system in tokamak
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Fig. 2 Quench logical discrimination mechanism
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Fig. 3 Process of quench voltage detection
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Tab. 1 Coupling mechanism between superconducting magnets
and magnetic fields in tokamak

28 UL BB LRI/ 1 2k 1 Pl
WEG e,  SRBSBASHIG  SCICCRERSLMfG
HIpGE @, FCICCHRLRLLEMIG SRBLALSS S

B85 T A TA)RE 5 AL [ A9 2, 52 AR 46
YRS R, 25 B 15 5 1 A T A J
K8/l PO Sy d S L TR A A S R NP IR
K MLEFS R — A RE AL A, X — A T A 5



530

T AR D vOl R AR A A R AR B AR 5

AR SR, AR TR AR B R RS R B R G IR
ZYE, BB IR B TR L, X RS A
00 Tl AR F 4 LR BE 2 1 O 25 8 1A Y PR i RE A
™. H—Ir AR T R e T TR B
Sl RN 42 0 RERAR G 1 U 3 94 JRRE f e, DT X
2R FEL PRI I8 £ 3 BT, A A A i
S PR IR I A TRAFI R fih 2

3 REBREERMNFHIME

TR ST, 23R PR Tr S0 K
PR P RN A5 5 R A7 A R 2 L 2 15 I LK, g
BIER T TG TINT ER T ARS B
TSI AENEHEAME o WA A I A L
SRR W) 22 0 HL RSB A AR AR AN RS, REAS N
il 95% LA P He 5 YR 2 I 38 2o v 7 L JRK
o AN [ DI DR A v R AR AR AR, Il T b B
BATTHE L AL A R A LLAME: RS S BAME R Y
R s @, LUE— Ll s, e 4 Fos.

REVRHLIR R & KA
WIFAMERGE EXl=in
AL e
RAG A \\ ezl
o J\ SR ek
—%Mz%,%ﬁ%ﬁﬁéﬁ X T

YR
B4 KBRERMNTHIMERZENE

Fig. 4 Structure diagram of interference compensation system for
quench voltage detection
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Fig. 6 Schematic diagram of the compensation circuit for quench

voltage detection
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