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Abstract - The sub-cooled nitrogen
cooling system at 65 K with GM
cryo—-cooler is developed for cooling down
the DC reactor of 6.6 kV-200 A class
HTS Fault Current Limiter(SFCL). The
sub-cooled nitrogen cooling is more
economic than saturated nitrogen cooling.
because the length of HTS wire is
reduced in the same capacity, as well as,
more stable. The cooling system with the
GM cryo-cooler installed on the cryostat
is not only compact but also efficient for
energy saving. In the nitrogen vessel,
after evacuating with vacuum pump to
saturated nitrogen at 65 K, sub-cooled
nitrogen at 65 K is made by putting in
gas helium to 1 atm. During the short
circuit test occurring the fault current of
1000 A, the sub-cooled nitrogen cooled
DC reactor for SFCL is kept the state of
sub-cooled nitrogen at 65 K.
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Fig. 1. Schematic of the sub-cooled
nitrogen cooling system
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Table 1. specification of HTS coil

length | diameter | winding | inductance

bobbin (m) (mm) | (turn) (mH)

1 800 600 106 4.4

2 800 640 99

3 800 680 93 36.8

4 800 720 88

5 800 760 83 99.18
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Table 2. specification of cooling system

vessel Diameter 840 mm
Height 1320 mm

Inner Dia. 600 mm

magnet Quter Dia. 780 mm
Height 736 mm

LN2 Volume 280 L
Current Length 300 mm
Leads Diameter 37.41 mm
Number 4

Mechanical Length 400 mm
support Inner Dia 10 mm
Quter Dia 20 mm

Cryocooler| 117W @ 77 K

) Room T 300 K
operation LN2 T| 65K ~ 77 K
Current 300 A
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Fig. 2. schematic of cooling experiment

o, of ¥E7IE 77 KellA 117 W. 65 KolA
105 Wel 34%¥83& 712 ot

Bzt g2 nexdE 299 dAREFSE
3 oju] B 23¥E dEAEE 48 3
t2l 2312 o] ekt Pig. 2. A8%
12 vetd AFe2Ad 339 4L 2
2A% 3YE A FAHALEY FAEE7)
2 ZBAME 457, 22AAMY HolEE F
Astn 71Este DAQ BEg AFH, nexAd
T 32U HFE TH= AFTIFHRE ol F
oldrt dHRdEgL dAALE FYE A, ¥F
718 ZABAIA dZEav. dE W dEdA
v AA87 Yo 4¥EE 1 VSR FASHEA
WztAlgle s 2lFd4AE o 17 kPa7tA
2N F oAl 1 1A A ES FY
sty WS ol &3l WA T

Axrgrle 4EHE 1 7Ige s fAUA W
BZANL B E AL gAFd42Es F
AE T, WENE 7MEAA AHAHALE FGA
A Fig. 3. YAt W& z {9 &
TH3E el adzan gxdisy =7t
78 -~ 75 K Alo]& e =zuedA AY YZol
o] RojAR] Y& ¢ 4 Utk Wze] o] Foix

3 mlo
2

l

U

300 - y
—a— cold head

o) —o— copper plate
% 250 —a— copper bar
o —v— baffle

= 200 —e— bobbin 1
= —~- bobbin 2

E —e—Dbobbin 3

o | 50

£

5100

)

S0

N
time (hour)

0 12

Fig. 3. 1st preliminary cooling test
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modified cryostat
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Fig. 5. 2nd preliminary cooling test

datadze Yehido. F HA duiddd
oAt Z2 whiog s ALe ¢FHE @,
ZIAEES FAdstq 1 719k 65 Ko dAAL
E HERH. 2x7t & Asdte olfr v
Agez A% dd BAZ dstq SA2YE7I
o] A& Ayl WEelth. 1000 A9 Atz
AF7F s2e GHAFAAHAAE 171¢, 65 -
66 K9 #3dde 2 A% & A2, 1 2
B AeHez dFNEE T & AU

4. &3 A u@

FIANALE 37 A0 FAHLE7]
Yol GM FA2YEF7E A3t SA2YE
719 e E&Fvoz AYALE Pgsict. o
7% Fig. 4% Fig. 5.9 42213 oA A BE
AAE dAALe] YhE&EE7} AF F 0.1 K
A=z o) =gA vebdd. a2y, Fig. 5.
9 42X o]F = FALE7IE EHF 7124
AFHZE o] {3t FAL28719 Ui 74
Ao 4FHE A AL 227} 65 Ko] HE
23198 17.37 kPa7tAl Zgstq A=A 49
255 65 K74 dZA4AIAY. #2Ag¢S o83 3
Ztatyle] WztE e s AIZtE oF 1.2 K2 A&
WE7Iets o] &3 Yzhiye JWziExxd of
103 = weA Jeidd, ZsEriig e ¢
Fog Yztste Wi e AFHPxo Lko] F
T YA&5=rr gt £ glew, ol Wy
< Y ggo] & FALYFINE AHRStd W
&2 g F7HN7IE WHET 0§ AAFHo|t
71D ES 7Ibetd oF 17 kPa%l A &87]
yHe ¢8-S | /gez Foled 485 E A
e 1 Bol AHA g, adez 72k
W 3 JIAdEe s sigsteE Whdo] FH
2P EI7IE ol &dld YZsle WYy w=
A WL F d5S ¢ F+ do.

FALYENNE o83 ANALE YF
3l S Fig. 794 & 1loA & 28 vz
FHE WA RS ulstn #Adstd ¥

i

3 T JALEL ol&ed 1 71, 65 Ko #
BALE B WEL Fig. 794 & 14X

174

= cold head |
—e— copper plate
—é&—copper bar
—w—baffle
—e—bobbin 1
—¥— bobbin 2
—e—bobbin 3

100

90 F

80

T0F

temperature (K)

60 F
0 24

28
time (hour)

Fig. 6. short circuit test: operating
current 200 A. fault current 1000 A
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Fig. 8. model of phase change on the
interface of nitrogen
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