Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 21, No. 1, p. 79, January 2008.

d AL 2| F A Eol of 8t 600 kJ& SMESE HTS=A 2| DC V-I| &4

DC V-I Characteristics of a High Temperature Superconductor for a 600 kJ
Superconducting Magnetic Energy Storage Device in an Oblique External
Magnetic Field
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Abstract

We are developing a small-sized high temperature superconducting magnetic energy storage
(HTS-SMES) magnet with the nominal storage capacity of 600 kJ, which provides electric power with
high quality to sensitive electric loads. Critical current and N-value of a high temperature
superconductor with large current, which was selected for the development of the 600 k] HTS-SMES
magnet, were investigated in various oblique external magnetic fields. Based on the critical current and
N-value measured for the short sample conductor, we discussed the DC V - 1 characteristic of a
model coil fabricated with the same conductor of 500 m. The results show that the measured critical
current and N-value of the conductor for parallel field are constant in external magnetic fields less
than about 0.2 T. However, for oblique fields, its critical current and N-value abruptly decrease in all
external magnetic fields. Moreover, the measured critical current of the model coil well agrees with the
numerically calculated one based on the DC V - I characteristic measured for the short sample
conductor. This suggest that losses and critical currents for an HTS-SMES magnet made up of a

high temperature superconductor with anisotropic characteristic are predictable from the data of a short
sample conductor.
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Table 1. Specifications of the conductor and coil.

Width 457 mm
Cond-{ Thickness 0.77 mm
uctor | Bi-2223/Ag/Solder/Brass | 28/42/5/25 (%)

Critical current @ 77 K | 280 A

Inner diameter 500 mm

Outer diameter 698 mm

Height 154 mm
Coil |Total number of turns 262 turns

Inductance 69 mH

Critical current @ 77 K | 123 A

Stored energy 522 ]
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Fig. 1. Schematic of applied magnetic fields in
an HTS-SMES.
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Fig. 2. DC V-1 characteristics of the HTS

conductor in the oblique magnetic field
of 30 degree.
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Table 2. Coefficients of the interpolation function.

Coefficients

f kK | a| B ' ) € n
0 |107[1.01}113]1.01|113|1.01
7.40 16.30|5.02 | 4.55]5.01 | 3.83 | 5.02
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Fig. 5. DC V-I characteristic of the coil.

83

AZNARA 58 =], A218 A13, 20083 19

min: 30.5
b) T A7 111 AdlA X2 AAAFTLE

a# 6. 299 AR 2 FA A3
Fig. 6. Schematic and numerical result of the coil.

O399 6o dAAREE AXtdMeE ﬁ% =
AMZo gk 77 49 BARA
cAste =A Wat RAFAleld ZAxE 6
E o]l AeE 74 AHAA AXE A 37
AR 2 K 2004 6=90%e 3 A5ES ’%(2)011
WAste] ZAdelA HTS=AQ dAA
AxAstEy ¥wd 67 10580 e 7é-r{—
A A" Ao FHAE =L 7T 204 6=0
To) g AeE AQ@dd ddstd mduydA
HTS=AY AdAARLEEE A H

a8 6b)dA Zd AXARE NI dAAFY

N mim

E EXENEH BE vk Zo] HHE Fol9 12
2 HE FY9U(mid-plane) 2ol A AAtE A A
FUEE= 200 A/mm’EA 18 5iA =HE =
d AFLE 350 A/mm’dl wE dws = 9t
H, o] HoniE Atz "ol A4 AME =
Y AFEEE Fobx AXME A W Fgp
BalA A A 4%%57} 305 A/mm’e, =7

50 A/mm2-4 ok 90 %=
A},

600 k] HTS-SMESH A Ajzt& s MAd o

AFEY SAME 2 238398 AFse] SMES

A2 A Fad FHY IAAR, AHHT

& AFEH BAGNAE A "EH
A

DC V-IE4E& A¥85 02 zAEY L



J. of KIEEME(in Korean), Vol. 21, No. 1, January 2008.

H, olE AFAE AZH L¥AYd HEsld E
A - HESH T k

I F8 AFE 8ostd FHF e A
A HTSEASY 4AHF 2 N-value: & 02 T
A e JEAFGA FAgl AT wd 671 10
EETH & AARP diside A 92 99
A olF BAol 43 fahde AL B+
ot oole} #HE& FE mAMEC I ATFAT
A ALsg 599 JAAFE
dA 3o, o] HTS-SMESH X
kel A digt =49 97
value® #2 EAAEY £ 2 £3

7
¥ DC VISHRORE 48 4 988 ojnjai)

N i Jl}j.

#Are 2

o] =E& 20056 Addie
TH] A go] ojate] AFE S

dTd ned

K

itd]

gl

Mo
re:

[1] K. Ryu, H. J. Kim, K. C. Seong, J. W. Cho,
S. W. Kim, Y. K. Kwon, and K. S. Ryuy,

(2]

(3l

(4]

(5]

“Recovery current characteristics of a kA
class conductor for a superconducting magnetic
energy storage device”, IEEE Trans. Applied
Superconductivity, Vol. 12, No. 1, p. 796, 2002.
H. J. Kim, K. C. Seong, J. W. Cho, S. W,
Kim, Y. K. Kwon, and K. Ryu, “Fabrication
and test of a superconducting coil for smes
systems”, IEEE Trans. Applied Super-
conductivity, Vol. 13, No. 2, p. 1863, 2003.

M. A. Young, J. A. Demko, M. ]J. Gouge, M.
0. Pace, J. W. Lue, and R. Grabovickic,
“Measurements of the performance of
BSCCO HTS tape under magnetic fields
with a cryocooled test rig”, IEEE Trans.
Applied Superconductivity, Vol. 13, No. 2, p.
2964, 2003.

olz, AYF, AW, ALE, FAY, “Bi-
2223 HolZ AAE o] g% L& 2AEAAA
x 2 BEAAT, AVIAAASGI=EX, 12
A, 73, p. 657, 1999.

Y. Iwasa, Case Studies in Superconducting
Magnets. New York: Plenum Press, p. 306,
1994,



