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Table. D-1: Correlation of Earthquake Risks

[2}0IEfII0] & LHEIAIRI7] Rig 1]

Low Frequency
Earthquake| Richter | Modified Marcalli Ground Floor
Risk Zone | Magnitude|  Index (MMI) Acceleration | , 9O%
(%g) (% g)
T 5 8 60-100
3 6.3-7.0 VIIHX 16-48 40-60
2 5.7-63 VI-VIID 8-16 3040
| 4357 V-viI 48 20-30
0 <43 Y <4
NOTE: For each risk zone, there Is a 2% likelihood that an earthquake event
of this severity will be exceeded over a 50-year period.
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Superconducting bulk

OB @A | MSChEtm FixIZ )

Sang Heon Lee | Department of Electronic Engineering, Sunmoon University

TR 3% YBa,Cu,0, AFICEHIS (5 K| SAZII TR XIS =L, THEE AE
'.

= —
LS| Rf5ft SEIS2HT) Ofe| K212 Belet 4 Qi AT TMOR B% 4 AUCf,

Abstract
Single crystal YBa,CuO, bulk superconductors have high magnetic levitation force and capture magnetic force, Superconducting bulk can be

used as a superconducting magnet capable of energy storage and capture of magnetic force.

1. YBaZCu307_y(Y123) ML= XTI H| s $13F 3ol ATk A7) e o3 2000 &

Qb ZH = W] Ato] 0] Hi= Aol AuhA] exoket 12

2R 574 AL olaf ghollx] Aol 0o] H= 54 th 19331 5U9] BRI nlo] 22 (W, Meissner)2F 5412
S YehlE Aoz 1911d Ygdae B2)810] OulAMH, Ka-  E(Ochsenfeld)= 2450l mf9- 5935+ Ado] olrp= Ae >
merligh Onnes)oll 9Jsle] WAFIRICH], 2uflAe= A Age] 7P oz MASIITHI. o= 18] 43k 92 AP qtell 24
Yzt AJgo g Qlalo] o2 ol B4 B 2n2 Ui LS el 9 Ap|Ee] 2dEnto g o= dao 7 vl
ARE L Ak 9] Wbl whE VAR Ad ol mdlelal WHESlrt olE Bol, AR © A9 B At
S Agshd evflay, HA AF] B 2R HEHE2 KO Al el Fo AFAS Fash JEAIRICE SRR rlol2

A 58] Aol 0o] B WYL Helaldirk o2 AT @Y ohe olsh Wl AL WOz Umuick o]s} e e

(Superconductivity)© |22l SFITE ARFARI g7 = Adeljell A, = Phd Wkl doletar gtk

=
A ez Wslsle 28 YARE(ToRL Ftk 57k 2 Svlz= A4 A7Plel 582 d] flste] 24 2
o] mhe} ARRE(To7F A4 B =& ARe Wo] offo]  dof] 10vF 7F¢-2 e8] A 1S BA7| 312t ef3iTt 814
RaL2-8], 71 5= 9 Tlel] o] 2tk g o} 22 AP Hhell AYEHA] o= S ERIEI, =
3]

SUIA0 W o) S, 2 ARE EElH e ARt ypHEE dARPIRH )] Jths s Es H39

12



The Korean Institute of Electrical Engineers

JENEIES

ol waERlom, ez e

Foll o]Etk
1960t 7HA= ab7] $13 &gt

29l Whdo] o] =], mho] AU (Meissner), #8(London) &

o] Aol eJato] AAASL ol@& 2EF1om, 1957 Bt

E(Bardeen), F-3|(Cooper), 2~72]3(Schrieffer) 5°] %7

T ] A 7|Eeal B8 4 9= BCS o] o] AY

i), A% AEE 349 AR A5l

Fu
P
=
b
e
ox
tio
41
od,
Ol

ﬂJ

HU
oo

ardeen, Cooper, Schrieffer®] A 215 <1835}
2olg} FoJ3ISirt. BCS o] &2 W2 #xke} A} Ale]
o] 2Ahg-stal o] - APt 53] #H(Cooper pair)
o] Lhehkar, volz] Fshs}

F53 9l

oA ©

Tl -

Cu-O ZAEAE 7
2 ABHEA 2ARAR, AT A% B3
S VERAQITHL], AFsHE: A wAe) v o5
o] X3 Flom, 1987 AT Hol&wr} oF 90 K& e}
U= Y-Ba-Cu-O7] 2227} 5351 H0rH12). oo
Bi-Sr-Ca-Cu-O%} Tl-Ba-Cu-OA|9] I3 =A47F 2%
o, = 2A1€ 9] Hg-Ba-Ca-Cu-O ZHUEA7} 133 Kolghe= A
T7HA9) 7P =8 ol e E vehiIeHI3-14]. %
W 250 2 R 1 2AEA ] A9 shute] AAR FHoldl

J&e

f
(O§]
(@)
%
Hi
rlo

] ZAEE

= HYA ZATAT) HE T dAolt) 2% 2 EAl= o ¢
A20] Z5ho 7 ¥ 3y A wAolck
12 71(Vitaly Ginzburg)9} d&EM|o] opP ] H A3 (Alexei

13

A, Abrikosov)+ ZATAT} AAS Bl 88 4=

FEIAL ol5

olq=19] ek

& ARSI, 2% ZAwARE A1

Rl ]]__

F2 FolE= Zlo] Mspy] mitel Buk Z AP el = =

L g
O
=
O
2
N}
>
>
i&‘
PN'
2
b
i_/“
rir
B
2
b
2
s
ro
b

N ol 17l 19F ol a, b, ¢ 9] Ao}
ol Hls 3uiLt 71
¥ 2 H A7} E(Perovskite) 3[4
=L YBCOZA LAY A% 5+ 7 7§9] Ba-O F Aol
Agke] 2k el ofel] AAE T Cu-O 2%t

Japolli= Ak Ak EASH a1, 94 b

o]HA(Anisotro-

7}

:‘:L
E‘-?(

o)
Bl

o

1 Cu-0 A7) b &0 Ahaa Qlol] Ahart B3R & 35
b %¢] ols} a o] o]} ol AW TxE 2, 2ka
b ER S A b ) 4k A ==

AR Y1235 A& 7 vk 5 28-S vERE ARE
A ARTZE 7S Y123 ZAEAE S s7u 9Ae) &
RadAEE Sl w2 Tegke 2 Ak



WKIEE

Vol. 71, No. 1, January 2022

® Cu2+,Cu3+

® o%

o
. Ba2+

bk o - ---11.6802 A

; el
| i g,
b ] 3.8872 A
a 3.8227 A
YBa,Cu,0,_ superconductor structure
ZAT WA HIAE AT uXAFGR) 9] 7|8 A7)

LAAEEA 9] detsler A7) HAghE fleiie =gl A
15227} B ash 100kWs ol A 87 g=]et 2o
T HT 7} D Qs Al AE A=

AAle] Ap|Rgest ARsge 2k

H 2dmAe] A7)0 2R AFUES S

2249 A5 HA3E 2AEAS AlFE = ek 18 A A
& olgate] W77 AlE-S Az $irle =2 AR

2 We) A s Das Aol B 714 549
FFo 93 YBachpH ZATHIE A AFASo)

mE
o
g
_‘
=
—
=
i
5

14

T 2% AE7)9) Tidel] &8 Har k. 2 HAY] A
%)+ Pinning center= 371419] doping
RHSolA I, H7HA|] A A ARl et 2w
AL Al A Houp ofshd St Sl

T A}A 0 2 ALES S 2

)

PN
| -y
-

M

p;

g-ste] A= Akt 4
o]
T

(6-7). 245 1 ZPAE BRI oA d Aol gk AH

il

+ MRI(Magnetic resonance

& 2014 YBa,Cu,0

=
37y T

%2,

AeAE s o 84t Aol A3 QAR
e AEslel), s o] £120] wish A5} 5 1 i) 7
o) A7 Helo] A4 Qe 2% WA AR 7 7]z
g 953 Jolt 2% Bu B9 I} AFsw

AE Al

9 St ZRAAES A9, YBa,Cu,0, 2=
Hu AR} lux pinning center

Ak
2 Shis TRAAE AR 4 o)

ol skl Sl a1 dAE A
A it ekt E5s)
g JAE 1 sap) Sfto
7 910l STk 1 910 Yh,O, 8 el v

AT H

ated YBa,Cu,0, . AFA7F MgO o]
9} YBa,Cu,0, ¥} o =
F2H Sm FAE YBa,CuO, A9 A 7h2 ] ewETh
TI1%-1050 CellA 950 C7HA] W7t S s TR A Blo] TEAY
S Y} AT Aotk YBa,CuO, o] AL HE=
2R U 2 1020 CollA] Sm FA}
o] A Flk YBa,Cu,O
Hrof| EAllsk= Agke] T+

o} Fejol] whe} Wgleit) 2w 54 FE 9lete] AL 4

o} ELHHMX] l =
£ 1060 08 FALEE 7k=

7y

A U O AZT YBa,CuO, B WaE Aehe B
2 A =7 950 ol d=]g]ste] Pinning centers



The Korean Institute of Electrical Engineers

PIEIVEIES

A ek Bate] 245 W W U Re dAkEE daje] X
FA|227F AR AL )k
FAAR O R AT YBa,CuO, ZAEAIE Ak i

Bol7)olA 9507, 10417+ AAe]E F=asto 2 Algbe] B
o] o Sk sl AR 3t gl 17 200 27 20mme]
YBa,Cu,0,. = A
A)e Saatel M) B
pinning®] £9& A= 4= S,
YBa,Cu,0, | 231t W o),
He)E +3% YBa,CuO,

=2 A

y s R

4 72] N YBa,Cu0, , 240 W17}
3 Abeje LRk

3

golslr] ¢lsh YBa,Cu,0, Ry

5 A584 el ThEo M

PMS(Magnetic Property Mea-
~97 K 19} el A]
SR, AR e Sl A
17kt
S8t Al A

5led 81 A=Y

surement System) S A}-&3]
A9 PREE
L2 MR L7 Flo] 0~5 T7HXS] A HH) S

A 2 HAe] AREEE

T =

—m— Before heat treatment
—#— After heat treatment

00 ‘ S E-EA RN ERA

041

08

]
-
s8-8 N g o —a-0-¢

1 1 1 1 1 1 1 1 1
80 82 84 86 88 90 92 94 96 98

Temperature (K)

Normalied Magnetic Moment (A/cm?)

J1E13 Temperature curves of YBa,Cu,0,. , superconducting bulk
before and after thermal d|ffu5|on treatment

15

0]S 2=
IR

O

ofafe}] 2 2hite] gl 4 9] whiol, MPMS 548 240
8 Bt AL W10 TV Aol Ae) 1

S & FE] 3mm "ozl Ftof|A

ZAE MaE 43T

)

TI9 32 YBa,Cu,0, 24 H=19] ol S }or,
TIellA] YBa,Cu,0, . ZA% HA9] ARE(T, onset)s= 91
Koar, Aleb 2= 4 S 42 57383 YBa,Cu,O
A H9) QALE(T, onsed)= oF 915 K F-Lo & 4 AJ9)

377y
YBa,Cu,0,. y"“jl‘:‘ A9} AR A3k e & Ak

=

A AR AT 2A) ARk B2 gaEo] YBaCu,0,
A SHslo] mEAo] AN LA
AR 957 ol Hof A Holewe] Wah 1}
BRI 95 A0 2 ket

A B skt A2 3L ol YBaZCu 0, ZAE

A, 39 YBa,Cu,0,
Holl A 2o S7F &
= epdch 0 TojlA] Alzbe] B2
T HA dARERE( )= D
L0 ] ol Hsh of 3u) A= F7F SIS 0T ~ 35 T ARl
QellMe] YBa,Cu,O
L A A E o] G2 2w A9 ]

A7 1%k

35000

—n—Before heat treatment
—=»— After heat treatment

30000

25000 -—
20000 -—
15000 -— \
10000 -— .

5000 |- L) .
N N ey
"a-mm-m

Critical current density (A/cmz)

- 4004
ol R BN REEE RN,

0 1 2 3 4 5
Applied magnetic field (T)

“1E4 J-Bcurvesof YBa,Cu,0,, superconducting bulk before and
after thermal diffusion treatment



KIEE

Vol. 71, No. 1, January 2022

-

xBE= Al A7 %—Zéé}ix
9 A8 380 kG2 Nd-B-Fe 9J7AA1L o] &a}o] 24
AE field cooling’gefjol|A] A1 E 4 =744 WZAIZ] T}

TAAE A A% 2 Hall probe® YBa,Cu0, %
o] rsie) e

bl

o
o2

A d

&0
=

Z3lE]

R S

A2 A

-0.2000
0.02500
0.2500

0.4750
0.9250
1150
- 1375
1,600

Y Axis Title

X Axis Title

J%15 Capture magnetic force of YBa,Cu,0,., superconducting
bulk after thermal diffusion treatment

T EE g
P T
oo
#> K j;i
o M L
T
) X
(o D)
R ﬂ
2
bl

P
[0
bt
e
&
of\
o2

& % gah 24 B4o] 2 Aslo] 24w = A A
§ol 7K5% ArhE A 5 9lrk ¥ 7 Ash 1A 2
£ WA AL AR 2o 2AE 5 $9S 718951 F

16

(1]

(2]

(3]

(4]

(5]
(6]

(7]

(8]

(]

(ol

(1]
(2]

ZAEA

ske A2 Al kol AESY, YBaCuO,

o7 Aolg 4= 9lom, 31 AFoA] 9
A A2 712 4%

<
5

ZE
RIS M S

ol Al 2

H. K. Onnes: Commun. Phys. Lab. Univ. Leiden, 120b, 122b,
124¢,1911.

F C. Moon(ed.), Superconducting Levitation: Applications to
Bearings and Magnetic Transportation (Germany : John Wiley
& Sons) (1994).

Murakami M, Oyama T, Fujimoto H, Taguchi T, Gotoh S, Shiogara
Y, Koshizuka N and Tanaka S, Japan. J. Appl. Phys., 29 L1991,
1990.

Teshima H, Sawamura M, Morita M and Tsuchimoto M, Cryo-
genics, 37 505, 1997.

D. A. Cardwell, N. Haribabu, Physica C, 445-448 pp.1-7, 2006.

J. Hull, S. Hanany, T. Matsumura, B. Johnson and T. Jones, Su-
percond. Sci. Technol, 18 pp.S1-S5, 2005.

K. Yokoyama, T. Oka, H. Okada, Y. Fujine, A. Chiba and K. Noto,
IEEE Trans. Appl. Supercond., Vol.13 pp.1592-1595 2003.

S. Nariki,N. Sakai,M. Matsui, M. Murakami, Physica C 378-381,
774-778, 2002,

W. Meissner and R. Oschenfeld, Naturwiss.21, pp.787-788,
(1933).

J. Bardeen, L.N. Cooper, and J. R. Schrieffer, Phys. Rev., 108,
1175, 1957.

G.Bednorz and K. A. MUller, Z. Phys. B, 64, 189, 1986.

M. K. Wu, J.R. Ashburn, C. J. Torng, P. K. Hor, R. L. Meng, L. Gao,



The Korean Institute of Electrical Engineers

JENEIES

Z.J.Huang, Y.Q. Wang, and C. W. Chu, Phys. Rev. Lett., 58, 908,
1987.

[13] H.M.Maeda, Y. Tanaka, M. Fukutomi, and T. Asano, Jpn. J. Appl.
Phys., 27,1209, 1988.

[14] Z.Z.Shengand A.M.Herman, Nature, 332, 55, 1988.

[15] V. L. Ginzburg, L. D. Landau, On Superconductivity and Super-

fluidity, pp 113-137, 2009.

17

S EY] |
0]’491(Sang Heon Lee)
1989\ 2= TOKAI University
o R E et &Y
19944 & CHEM CHER (34
1994\ U= |STEC-SRL U471
19974 MECHe HRS S}
2015E~2016 OJ= University Sourhern
California @&l
O & 51| T7 o] M| HERIA

= oi1=0p: XY=, AHEIP| 5




KIEE Vol. 71, No. 1, January 2022

J[ENEI= | ZHET7| R ME
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Hydrogen-superconductivity fusion technology trend

552 MEZ | S=17|017 R X MIE]
Ha, Dong-woo | Korea Electrotechnology Research Institute
DY MAATY | S|P AP ME
Ko, rock-kil | Korea Electrotechnology Research Institute

Abstract

In a commercial vehicle with a heavy load, such as a truck, research to use liquid hydrogen, which has high energy density and is light, as a fuel

is being actively conducted. This article introduces a technology that cools a superconducting coil with liquid hydrogen and uses a fuel cell as a
power source for the superconducting coil, which is being developed by KERI. This technology will be used in the future to develop small, light

yet powerful power packs or propulsion devices.
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Abstract

Inthis special feature, the world-class development achievements and commercialization status and prospects for High Temperature Superconducting
cable systems and High Temperature Superconducting current limiters are introduced among HTS power apparatus that are being research and

development in Korea,
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Abstract
In this article, principle and trends of electric field sensors are introduced.
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