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Improvements of Magnet Power Supply System and
Achievements in Coil Energization Tests for First Plasma of JT-60SA
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ABSTRACT COIL ENERGIZATION TESTS

e Three main improvements of superconducting magnet power supply (PS) system (1) INDIVIDUAL COIL ENERGIZATION TESTS

the EF1 coil incident caused by insulation failure during JT-605A integrated superconductive magnets to confirm the performance of each coil PS component.
commissioning in 2021.
e After the improvements of magnet PS system, the coil energization test with Vs e e 2 E100386 No.1 S
superconductive coils in JT-60SA integrated commissioning was safely restarted and | %>F- A 85 : oo
Simulated fault condition 3 0r —1 T =l
SUCC@SSfU”y COmpIEtEd. TF8(-) TFCPS F Ibeforec;pt:raﬂ:r; o 0.1 02 03 1 o4 05 08
Always BPS closed by 2 b I liget2
e All the magnet PS components were confirmed to operate as expected within the s TR o LIPS removing compressed ai (a) £ | e
operational range defined for Operation-1. Normal ourrent 1 ! Pyrobrealer () % o1 02 o3 i o8 05 o ke
interruption B cHveie z 2 ! | Vdr
i k=] [TFcapc TF1(+) g 0 S Vech
No.2 5., ‘ —Vpb |
BACKG ROUND L\ TFN?(S:C ~ 0 0.1 0.2 E 03[]T 0.4 0.5 0.6
TF2() TF7() P8 rreq4q) T bvrobreak .
_ _ o _ _ AL |_, J yrobreaker operation
e First integrated commissioning of JT-60SA in 2021 was suspended due to short ormal cumar j Quench signal N (taking 3 ms)
circuit incident (double ground fault) at the joints of EF1 superconducting coil. U B o simulsted) g io0s -
e For enhancing reliability, reducing risk and preventing reoccurrence, it has been Simplified TFC PS Circuit i ¢ TepS e
decided to implement three main improvements in magnet PS system. 12 O Time CONSEAN | TrpSeas
%9 "y ( 3.1 H/(3x 0.075 Ohm))
Features of voltage to ground in Booster PS operation in 2021 @ Successful Pyrobreaker operation (b) 6 3 |
1. Almost full PS output voltage appeared oE T " T T e was confirmed with real TFC at 15 kA. ) 3ﬁ e *
at Positive (P) terminal sl V1o OND ot feemieal | . . 0 — e T
2. Large voltage fluctuation (ripple) 6 IO (1) Ground fault at - - Since Pyrobreaker solution as 3. I R
+5 KV s U P Positive (PL:iL:‘L'La: backup coil protection is applied not Time [s]
-z 7 I i ° . .
| - 5] 5 i F iy T N— only to JT-60SA but also to ITER, this Individual Pyrobreaker test with real TFCs
250 P - TIPTTR T, \ * achievement and the gained (a) Current and voltage waveforms of
-4
0KV | |BasePs . PF Col 6 i I (2) Ground fault at Negative operation experience are important Pyrobreaker operation in TFC QPC No.1
L anc N 5 e cerminial oF the eoll contributions to ITER by JT-60SA. with simulated BPS fault,
"y Fal 4 401 402 403 404 405[] 406 407 408 409 4 (b) Current Waveforms Of TFC and each
o o rectifier in TFC PS.
Potential distribution Waveforms of coil terminal voltage to ground
during Booster PS operation at EF1 coil incident in 2021 (2) INTEGRATED COIL ENERGIZATION TESTS
e After the individual coil energization tests, the integrated coil energization tests
IMPROVEMENTS OF SUPERCONDUCTING MAGNET PS 5 e 5 . 5
were performed step by step progressively increasing the number of
(i) in Poloidal Field Coil (PFC) Circuit superconductive coils in simultaneous operation.
Before: Mid-point of Base PS = After: Mid-point of superconducting coil
. : . _ —_ CS current —_ CS current
Terminal voltage to ground could be equalized across both terminals of coil, < 4 ! ' ! | —CSs1h < 57 ' | | —csif
L = 2 /\__ —Cs2); = /\ —CS2
resulting in only half of the output voltage of PS system = g —CS3f S 0] - __csaf
=27 —CS4/ = —cs4
3 , , , , , 3 .51 | | , , .
(ii) Installation of Voltage Ripple Reduction Filter for Booster PS C%% 0 o 10 20 30 40 © 20 0 20 40 60
Large voltage fluctuations (ripples) superposed on DC output voltage of thyristor Time [s] —EF1 Time [s] —

: L. — EF coil current —EF2 EF coil current —EF2
converter in principle (f > 325 Hz for the case of JT-60SA). <4 ' ' ' ' ER < 5 . . .  EFaf
Thanks to the installed filter (cut-off frequency at 90 Hz), the voltage ripples could S0 @ EF5- % O—MEEQ
be reduced to 1/10. L . . . . - S5l . . . —EF6)

B . . 20 -10 0 10 20 30 40 © 55 0 20 40 80
efore: +/-2 kV = After: +/-200 V Time [s] Time fs
Ime |S
. . . . . —_ TF coil current
(|||’Z‘Ir.1$tallatlo]:| of Va:jls]:corls " I]DCFC Cermt ot e oth - =2 | | —f—TF1-18] All PFC integrated energization test
| ttm:tant.s grcl)un ault, a fast \(;obtagte OSCi atlc?tn appea;ls.o(r:I t te ot erftgrm!?a 510/ with SNU/Booster PS (Max: +5 kA, 2 kV)
ue to transitional resonance caused by stray capacitance and inductance of circuit. 3 ot . . . . . : " : :
Before: 3.4 KV ) S After- 2 7 KV ) (at 10k . S o a0 o 0 20 30 40 (*) TFCs were not ?nerg/zed l.“o avoid
erore. 5. (peak) er. <. (peak) (at nominal 2. operation) Time [s] unexpected fast discharge triggered by a false
. - quench detection due to induced noise.
Before it . TousHal — | - Voltage to GND at P terminal | All PFC/TFC integrated energization test
N Booster PS P | via outdoor |
J‘*’ (+15 k\qmuw e V°'tage to GND atNterminal | jthoyt SNU/Booster PS (Max: #3 kA, +1 kV)
p Disconnec tor e ’_i-_ i ;‘ 5 i ¥ . ' ) ) )
@ - ., = - 1 "M A Wl N ¢ Based on the current scenario assumed  All PFCs could be successfully energized
sasePS | |, o & W ‘ w N mm to obtain the first plasma, all PFCs/TFCs  simultaneously with expected operation
R B TRV ST T8 0 S -5 !( f could be successfully energized of SNUs/Booster PSs.
N P fpmﬁkef EN L/j : 10t . 1 J pefore * SimU|tanEOUS|y.
““““““““ | Current 0 0.2 0.4 0.6 0.8 .
QPG (+-3BKV) Reversing Links | time [s] - Ready for First Plasma - Ready for Higher Current Plasma

Simplified PFC PS Circuit Before Improvements Waveforms of voltage to ground Before CONCLUSIONS
Improvements

» Almost full PS output voltage appeared at

Positive (P) terminal of coil (Booster PS output at +/-5 kV, +/-3 kV, e Three improvements of superconducting magnet PS system were conducted
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> Terminal voltage to ground could be Improvements Operation-1 as preparatory tests towards Operation-2,
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—> Coil energization tests of JT-60SA could be restarted more safely Achieved operation range in JT-60SA integrated commissioning/Operation-1
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