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Quench Analysis and Operational Characteristics of the Quench
Detection System for the KSTAR PF Superconducting Coils

8 2de 49

Y. Chu!*, H. Yonekawa’, Y. O. Kim!, K.

Abstract: The quench detection system of the
KSTAR (Korea Superconducting Tokamak Advanced
Research) primarily uses the resistive voltage
measurement due to a quench. This method is to
detect the resistive voltage generated by a quench,
which is continuously maintained above the preset
voltage threshold for a given holding time. As the
KSTAR PF (Poloidal Field) coils are operated in the
pulse current mode, the large inductive voltages are
generated. Therefore the voltage threshold and the
quench holding time should be determined by
considering both the inductive voltages measured
during the operation, and the maximum conductor
temperature rise through the quench analysis. In this
paper, the compensation methods for minimizing the
inductive voltages are presented for the KSTAR PF
coils. The quench hot spot analysis of the PF coils
was carried out by the analytical and numerical
methods for determining the proper values of the
quench voltage threshold and the allowable quench
protection delay time.

Key Words: KSTAR, quench, hot-spot.

1.4 B

KSTAR (Korea Superconducting Tokamak
Advanced Research) A E A& AEL 16719 TF
(Toroidal Field) Z ¥, 7% PF (Poloidal Field) #¥,
AF FHFE 9% VCCL (Vapor-Cooled Current
Lead) ¥ 2% Haglez FAHAA Sty (29
1. 16709 TF Y& dE2 d2d5o] glon HZ
AF7F 352 kAde ©|t}. PF 39L& & 7%22 “Shot”
S92 AFF AskEY AFE DC b obd A9
delE FEdEcHll dA zEe ZEzer A7 2
MA, 202 fAE AT 7I¢ Al waw PR
A T2 HAFY HHFE 2083 KA@PF2 ©]
o, AF Me &L Ho 61.73 kA/s @PF4dl| 23},

g3 9 AN ATa
Mg o SgE dta
WAL - yehu@nfri.re kr

LuAS4 200843 10€ 019
AALgEE 20099 08€Y 219
AAES 200993 08¢ 21Y

= 1 2 2
@R, vz’ o

R. Park!, H. J. Lee?, and Y. K. Oh®

2
o
o
r 2L

A7 HES e
X A2+ A

stozx AXE Gt

2 Z2AE Fojof 3ot 2y DC &S 3

o
ln
i

R
)
iy

of, %
Jo
>
>
)
o
A

30 ol

A
e,
i
i
P
g
20
o 1o
i o
i)
>
Mo
2
lo
fru
&
o
i
N
2
o

o] ZAEE AU FEAYL dutHoRE w§ 2
Bt wehr] FRAGEER X o) @Ay
AGAGGEIe] FHo] HyAoz Fgsjrt o
A3l PF A AE AzdloA FRAGEES F
3lEE Alagle] pAH ol o FTH2-3]. E
At Eol HAaztddela A3 AALE F glvh
stedojd oz RS AL FAd AX
A HEre FEE 2 FAAGE 28] fE=A
o AR 9% AX AG HE79 LETEZE WA T
olob o} @A MY BEFel 2a, HA ARt} &
od F=dYg BEE AASe 9 Jdo| EFFHY
QA gt WA AR ZATA S AEd odTFL uH
vk A fFmAg 2 oAX ot A=A
R Ae melsle] WA AYG FEF 2 FAALGE
AR3e Aol Hasdth 3H PF 3 F SoR (Start
of Ramp-up) T E<t st Wl § 543

ol FEASS Ax HE BEHH olFY FFo=
A ka7 7F W oE g = Uk ods F5E o
"3l G ARWELE FukslE SoR A o
2 AEL Fdstn AR W/ AA &
(Start of Flattop) @AlClA Ax HEE Aste
HE s o)A o} gt}

OB o rfr 2o

o b

N

> 1

Cryostat

EJNIN M
. 8.
“Concrete Floor -
e

Coa-

@

Fig. 1. KSTAR superconducting magnet system.
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Table 1. Calculated M.LLTs of each PF coil with
respect to quench protection delays at IM stage.

tapals) 1 2 3 4
PFC [x10°A%] | [x10°A%] | [x10°A%] | [x10°A%s]
PF1 05788 0.7717 0.9647 1.1576
PF2 1.3¢
PF3 0.3345 0.4461 05576 | 0.6691
PF4 05788 0.7717 0.9647 1.1576
PF5 0.9569 1.2759 1.5949 1.9139
PF6 0.0031 0.0042 0.0052 0.0062
PF7 0.0084 0.0112 0.0139 | 0.0167

Table 2. Specification of superconductor for KSTAR
PF coil conductor.

Parameter Units PF Conductor
Cu/Non—Cu 151
Aconduit mmZ 179.2
Dstrand mm 0.78
Nse—strands 240
Neu-strands 120
hconduit mm 223
W eonduit mm 22.3
Ceonduit mm 241
A mm’ 132.7
Anorrcu mm2 48.25
Aocond mm” 1114
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Fig. 4. Analysis results of PF 2 coil's quenching
when the operating current is 20.38 kA and the

quench protection delay(¢,, ;) is 2.5s.
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Fig. 5 Analysis results of PF 2 coil's quenching
when the operating current is 20.38 kA and the
quench protection delay(¢,,;) is 3.5s.
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Table 3. M.LLTs of each PF coil when a quench
protection delay was set 1 s, 2 s, and 3 s starting
from SoF after a quench occurs at t=14s.

Dump | o056 | t=2156s | t=22.56s
Start o0 . o2

PFC [x10°A%s] [x10°A%s] [x10°A%s]
PF1
PEF2 0.4503 0.4733 0.4990
PE3 0.1351 0.1352 0.1356
PF4 0.2290 0.2293 0.2293
PF5 0.9122 0.9658 1.0163
PE6 0.1688 0.1999 0.2300
PF7 0.8104 0.9848 1.1627
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