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Characteristic of a Superconducting Magnet for 3MJ SMES
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Abstract - For quite a long time various researches and developments of superconducting magnetic energy
storage(SMES) device have been done for enhancement of power quality control of sensitive electric load.
This paper describes the design, fabrication and experimental results for the 3MJ SMES magnet made by
using the design code of a SMES device that we developed. A computer code was developed to find the
parameters of the SMES magnet which has minimum amount of superconductor for the same stored energy,
and the 3MJ SMES magnet was designed based upon that. And the 3MJ SMES magnet designed based
upon those. In addition, 3MJ SMES magnet was made based on several research results which were ramp
up to 1kA without quench.

Key Words : superconducting magnetic energy storage(SMES), magnet, power quality, superconductor, quench

1.A B siafEst A= oladlEE F43tE Cryostat 123
AL vlavEe] % ¢aE Cryostat 932 U&=
233 FRslE A2 wAge mel ARELA7]7],  Current lead 2 HIAAEo 2Ry AL AFANA T3
A4k 7171, 239 Aulx 717, AFA4E 2 AE Ao € AYWEVIE IA JYE F U
71717 2&9A, o3 dzsln F23% FEtd mETz E =FdAMe 3MJ SMESE 2A3%E wfadEE 44 -
o AYE FFE EBHoz 2ASAAGURAAZ()s  AzEtd a2 545 Bl - B4 A
SMES) e sl A7+ E 7ldo] o2 ARE s
st} ol2E A= AHEAL Aojer] AT Fe Fro
SMES ¢ -3t H&a g E2o=2 dte dE&%F SMES &
Ao ol27|7x] thFstth(1]). H ol UAT F3le] #Y 2. dAH o ™=}
EAL Ao BEAor £ MIF &7FE SMES(USMES)
AR 2estHe] A € FEo2 HEd FHEHo 1
3% 93stn Aok SMES A9 F2 BEL 23E 2 M5 £

* E® R MEESREER REARA SMES® 4% sbMEE 49 A/md 3 AFLES
v E® R MEERGSR REARA S48 W2RE 2 3 AF SHel4 edus) 9Bl 2E
e o9 2% saied v e G zdAA eddn
. Bq Fa, v 5 & 2 o
$§ & R REEEHR SHHRA A
$§ @ A SEERHE SENEARE 1S
# E@ A 2EASR TRIEH AR
# Ik B BRAERK ERLEF
bzus mod s ma 3w 1 s o
BT - 20039 109 6 Fig. 1 Cross-section of the conductor

572



x 1 ZHe FAY

Table 1 Specifications of the conductor
NbTi/CuNi/Cu ratio 1/0/1.85
RRR 50
Diameter 0.648 mm
Filament diameter 6 um

Wire

Number of filaments 4182
Filament twist pitch 13 mm
Filament twist direction |Right
Insulation Bare
Dimension 11.8mmx1.3mm
Number of wire 36

Conductor| Transposition pitch 94 mm
Transposition direction Left
Critical current 9780 A at 5.6T
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Fig. 2 Flow chart of SMES magnet design program
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Table 2 Specifications of a 3MJ SMES magnet

Inner diameter 865.6 mm
Outer diameter 1,160 mm
Height 475.2 mm
Conductor fraction 56.9 %
No. of layers 64

No. of turns for layer 40

Total number of turns 2,560
Total conductor length 8.137 km
Inductancé 6 H
Nominal current at Bmax 1 kA at 42T
Stored energy 3 MJ

ay

3 3 MJ SMES olaulE
Fig. 3 Assembled 3MJ SMES magnet

574

N\

o

X

/
A
i
%

=

+
+
Power Supply

DumpResistor

’

NN
SN

_

; ZA
0 Shunt
Cut-off S/W @_Supcrconducting Coil
agy 4 AEERe M
Fig. 4 Schematic of the test apparatus

23 A

a3 42 AFE 3MJ SMES vlaviEe] EZAES 9
3 AR A= E JeE Utk B a4 B
9} o] EAAHEA A18¥® ALL  5000A. 50V DC
Power Supply(Z£¥¢ FUGAhHE AM&3dlgen, mlad E9]
HIE 938 dFo Dump Resistor ¥ tholo s} Zag
2715 A8l QuenchAl ZAE ulaUvEd &38 d
UZlE Dump AdE& T3l 2vITE 3¢t olu] 74 Al
FAee vdES] Q92 L 3 H3Hg Rell o3 A3 =M
ANBEE Fo)7] 8 RIAYE 2A) §F ANIF LS
ZA2A 7 de o §49% 9, 24 sladEe §4E
AF 222 A8 fese A a8 HAgae] 9ol 9l
Zlef nlad|E g QU ¢ e AdALS mEE AAE
Al Agsfiop gch. wrebr] 3MJ SMES etaulEf] I9H
27} 6 Hel22 AFAH AFFE 122 349 629
Dump A&e] Hasht, o8 AL vl E Ydttd Hele
Aol Hd 6kVE HA EA7F le=E Dump AdE
2002 A7 st AFAH AFFE F 322 kgt

a2lm 3MJ SMES vl2HlE QuenchAl A Erlay)
E9l 2% B dNIEFY FEE 42193 Quench AZE]
ol 218 Quench® AZ8H, Ad7] € Dump AF22A
l2HE AFE A9 2 22AA A% vlIYEE B3
gt} olm] AlgHolAE= Quench FEWAozE Ywrae
2 go] A&t Hex =2 9 S A8sigon, 53
4% Quench@d & AZE /A7) 93t nladEE F
Az BEeste Agee AXE, MR HAR=E ALEs
o 7t5e ¥ Y e A HEE FHIF(5)(6). E
g 3 MJ SMES mlavlE9] A{F FHA A e B
ol AFAEES 4 A/s(20 mT/s)2 thed] HHF] A3}
At

3 ANEEN 2 HE

Azt SMES ctad|Ed dis] QA4 2= ARg-ste] A
Akgk lelEl Azt 3 AA LCR Meter(HP 4284A)2 24 %
&g vlmaly] flsle o5& af 59 Jeid. a3 59
Mg o] AXe HAlR=g ALNS A9dx goln, He
DotZ ¥AIE Aol LCR MeterZ &3¢ 2324 2Axn}



avlEe] eXRErs A9 AR HE meldl LCR Meterd
A F94Q 20HzBE PG, 23 59 AHRRE o
wAQ JYelae Fuig oEFAFY Fo| WA Figvl
&l W AREAE F7iste] HA IR FadA
v AdE dgeag X} HaE F dAste RE B
& Ut}

3% 62 3MJ SMES vtadES] AFAF A7 ANES
3 Adtolty, a-olA Reulel Zo] 2ME vaMES &
AXAZZE 300A, 600A, 900A Z 1000A8 €22 FAH
oz Qb Azen, EFE LAAFA 1,000A 7AA
Quenchgle] A8t agodlAd AME vfadlE £33
F 2 SMESE ulavlE 4A zc 2% AdE stavE
o Hd AA BAZ Jekd #34(load line)& e
o, @v AZE 2AX vlavEY AU FH ARKE

77 YR

‘ Calouated

InductanceH
+

2l
0 2 2 L
0 D 100 150 20
Frequency [H]
38 5 SMES olaWES FaleH QgE A
Fig. 5 Inductance vs. frequency in the SMES magnet
120
1000r LoadLire .
aol
<
For
.
a0+
1 2 3 4 5
MadrumRdd(T)
a3 6 SMES nladlEe XjEbojuE SMMF

Fig. 6 Charge current vs. maximum magnetic field

3MJ SMES% ZME ojOuE ENETP

Trans. KIEE. Vol. 52B, No. 11, NOV. 2003

4.8 B

3MJ SMES vtadEe]l A4, A 2 S497F 473
72 go%std /Mltd SMES wlavle BAZZ WL 44
Zg vtadEe E4ZAA & dA o, dF A=
Y E AFALYT 2471424 Model Coilel SAAEZ
#F, AR 2 AAAEd & vlaveEY SHx FL3A
o Wzt gte] @E wlad|E EA4o] MR F2% 2498
& 4 AATH7). 2831 SMES =49 3 £AMF U=
A=A Rutherford =9 Soldering Fo24 3 &4
A% dxr 75T ¢ £ UA. oHF sxv|Ee T
% SMES mladE J743S dAse F8% Aig &
F ot ugd oHF A4F Jd7EAAE wEFoZ A
3MJ SMES ulavlEe 2AAFA 1kAZIA] Quench §]
o] £4 & 4 Ut

2 Q7 vddavd
4743 QU

EEEBEERES L

a2 Ed

(1} Michael PARIZH, A. Kamel KALAFALA and

Robert WILCOX, “Superconducting Magnetic
Energy Storage for Substation Appliation”,
IEEE Trans. on Appli. Superconductivit, Vol.

7. No. 2, June 1997.

(2) K. Ryu, H.J. Kim, K.C. Seong, E.Y. Lee, H.B.
Jin. K.S. Ryu, “Test results of the small model
coil for a small-sized superconducting magnetic
energy storage device”, IEEE Trans. on
Magnetics, Vol. 35, No. 5, September 1999.

(3] A3F, A7A, =A%, %Y, F44. F45
SMESE 2AxxzAe] AFEFd BT A7, &3 =
A% - A2ZF83], Vol. 1, No. 1, pp.22 - 27,
1999.

(4) Z3F, A713, 23%, ojdl&, AYZ, 724, 74
£, UISMESE 2A=EA9 IBAF 547, 20004
= d§Arigs siAgeds =83, pp.807 - 809,
2000.

(5] 4712, AalFE, =A%, odE, AL2, 724, /7%
2 "IMJ SMES "lavE Az 2L E4AE" 2001
Ar FEdye=Ed, #x2A= - ALFES, pp.
125-127, 2001.

(6) Y. Iwasa and M. W. Sinclair, "Protection of

large superconducting magnets: maximum
permissible undetected quench  voltage,”
Cryogenics, vol. 20, pp. 711, 1980.

{7 H.J. Kim, K.C. Seong, J.W. Cho, S.W. Kim,

Y. K. Kwon, K.S. Ryu, K. Ryu, “Fabrication
and Test of the Model Coil for a SMES”, IEEE
Trans. on Appli. Superconductivity, Vol. 12,
No. 1, pp.770-773, 2002.

575



BESEREE 5288 113} 2000% 118

576

Aol B&ESE

1965 119 2594, 19933 A2t
AZlges &4, 19959 5 dEdd A
71383 FA(F AN, 19954 ~1996
QA FEEGAFT TF, 199639~ a4 ¥
ZA7ATY ZPAELEATIE HY
a7

Tel = (055) 280 -1658

Fax : (055) 280 -1399

E-mail : hjkim@keri.re.kr

MJ Hk B B)

1956 29 2094, 19809 @dFoist =
A7]gstal £4¢, 19833 FuiEgd A7
F8 E2A(FEAAL, 20029 FLd
gn A7)FEH SA(FTEHAY, 1986
WQ~d4 dxANITd 2A=L84
Fa2F AJdaTd

=d 28 2 8)

1960 39 29 43, 1983d #F¥distw
A7 Fea =4, 198653 F dsd 47
Zen 9, 20013 |AdEgnE AT
g3 Z2Q(F), 19908 ~d A #FA7
A7Y 2WELLATFIE HddFd

uj = B (& ) %)

19664 49 309 4, 1992 AFH
W71B43} 29, 19049 AT o
el 47183 EY(FHAAD, 19989
F utd A7FHIF FAE A,
a4 gEA/ AT 2% $44T
§ 4947

4o e %\

1964 19 129 A, 19863 Al&dista
A7 Es &4, 19889 Hedgm A
7188ts AAL, 1993d Mgdista A7
F8t7 wha}, 19939 712 WY T I
A7 A7 1994 ~199%6 & 1Y
Mg d7e d7Y, 1997~199
§d CERN 474 474, 2000~2001 #l
= Fermi 74 94749, €4 @337
drg Addrd

71 4Gt # %)

1973¢ 24 19 4, 19979 QAW
715t &4, 19999 F diFd A
71883 EA(FEFAHAD, A =
AT 2AELRATIFE 27

o o E(x & &)

1960'd 39 89U, 1984d F¥7]edid
713 <, 1988E~84 FFA7IAT
4 2H=88ATaF H9714

2l E=E=EH

19773 29 1994, 2000d A
27 3% Z9, 2000d~2002d Fof
FA A7) FgI SA(FEHHAD, 2002
d~dA FFA7ATE 2H1E 8
AFE AZATY

AdUEKR

19599 74 289 43, 1982d A dgtw
AAEHH B, 19904 F W )
AT FQ (B, 19924 ~19994
#3A7147Y HILTY, 19999 ~ &
A BFANATFE 2AESEAT 2
§ 28%

734 2@ R M%)

19624 24 1094, 19834 A& AVF
g 4. 19859 MEodiEd A7 F
1} (M AL). 19953 4 Yokohama
National Univ. AR AR F e EA(F
uh), 19863 ~199%5d #FANATF4LE X
ALY Add+d. 19%
A~dA Agddsty A7 Fea Tas

44 HEE AR

19509 249 794, 19749 J3td F
A712S £, 19799 F Y A
7NFEF EAEFHAD, 198683 U2
LA diEhd Arless AR
Ab), 1986-1989d @5A71d7d A
= A7, 1999-2001d AT
FodE &3, 2000-2002d FF =23
=-ALTEE FF, 20033 BA B
Rn w5, HEdries] A



