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A study on the reduction of ac loss
of YBCO coated conductor by a mechanical striation method

EES

Yong-Su Yoo', Gye-Won Hong’, Hee-Gyoun Lee™”

Abstract: High temperature superconductor (HTS)
coated conductors has high hysteretic magnetization
loss which is an obstacle for the AC applications of
coated conductors.

We propose a method to reduce the magnetization
loss of the coated conductor. It is the mechanical
striation method by load variety using office knife.
The magnetization loss measured in the mechanical
striated YBCO coated conductor without copper
layer was compared with the loss generated by
perpendicularly exposed external magnetic filed.

The reduction in magnetization loss due o the
mechanical striation is clearly shown at higher field
and was dependent on the striation number. The
mechanical striation method was proven to have
additional advantages of a low cost and high
fabrication process.

Key Words: YBCO coated conductor, mechanical
striation, magnetization loss.

.M B

AYAA AgHe dAe B4 Are dido

2 Tk AbgRn A Seldel 2% A9E A

1 Qom, of Agd el Are A

Agaso] wrgsTl, B3| EH A
HAg AFHTE 2

§ #7172 aﬁ

A3 Ak

_1_4

= O
X

o mclzl '
mgig
i) l'ﬂ
ONNS
N
— o
R

_O|L
Yy
8
_|O_‘
o
o
'
Hir
i
4
pas
o
4
i
v £
2
o?‘_’, il
L 9o

(- e o [
o]
1x
Dv
Ol
=)
v
b
>
1y
3
o
o

o
Fr b

R o A T A e e B | E B R o RS A B
8 4 gsdsdrledsta U YEy ws
"W AR hglee@kpu.ac.kr

YuHS 20099 029 029

AALE 0 20099 03¢ 029

AAEA 20093 03€9 02

EQ
N

EIE
§ X

i,

bg

e o -
W

N7 AbeEE 2
N Eahed, lﬂiﬂﬂ
39 0 4 AR A7)
i%dMﬂE/“%Mkdﬂ
A, A Qe %%-?ﬂ

sRal 2. ol ¢
= AN $
*ﬂ# 4wﬂ

3 =lvd 01

ﬁlxde, o A W

it/

o (F mo
oz rjo

)
Mo X NrrexN 2 R

r2L‘~
o
o 2L Bl

X,
o

i
1->

%
Ag
2,
iy % 1o
D
i
i 2 ol &

El

—o

offf o2 ¥
N
! E
¢
o
P
o (L
g
du K
ehr S

ol
o

N

~N
-
o

i rkﬂ
o &

of
o "o

ar M rl
N
=
L
ro

rlo

fo 2
K1
2

>

(o]

)
2,
)
o
Hir B
rlo rx
S

M
o,
iz go
119
z
2\
~
g
O
0
~N
ro
(o]
oXx L

x
=
r'lj
ol
N,
9

NN

ot

L

o,

ol —
o

o,
v
©
kil
by
o=
=
=
o

=
v

v

o2

o,

olo

ofo

®

4
. B
N
SR
k

o
k1
2%
oz
2
1o
o
o
O

vo F1 2 o
E —TI_'
flo
o

M rlo M ol
RIORRD P R AT e o

=L
2

o

mm i«] AR 7L AL
150 mO] stz Alxsa 9l
A ah =2 ( magnetlzatlon

ool Norle 2 fr ® O ond
B o KT JPr i Bu & T N 06 o B ol Y

-

loss), F{4(eddy  current  loss)eb  AgteA
(coupling loss)Z A5 Ut 240 n&ExdA= A
AE wi A7) ﬂﬁo} H 9o wF &4
ke ezt s ct1,2]. 2A "’%iﬁEiﬂ il
Aol 745 AA FAC v Fol W vstEd a9l
o2 3 MA el A& X}%}Oﬂ -4"} Apsh4d o]
FE olFm gloem[3-6] T odMA Az 2
tWIStmg° =53] oA Tt A=A AAY mHFE

45 Ayl g thddA A
twisting, A 9 (transposition) & <& 7}A o] A
txle] gtk #h3l 4L A9 5 FiFo T
HE ZoFoR A gFHo= 7"\’\]7] 4 glom
ANz AP A2 L(photohthography)
‘j“ﬂo] AAH o] A eH7-9]
Z}(photolithography)< A3
1"4:} Aule] B34 9 e
L B I P

WHo g =

B

= laser 2

A=Al YBCO coated

conductor®] knife& 21AAQ F& Jel R



21 51 4B
B dAFNME Superpower ftlA AZH YBCO
CCE Ah&atlom HdAle ALt % 1o et

Table 1. Specification of YBCO CC.

HTS wire YBCO Coated conductor
Width 12 mm
Thickness of YBCO layer 1 pm

Substrate (thickness) Hastelloy (50 um)

Over layer (thickness) Ag (2 pm)
Substrate Resistance 125 Q
Critical current 290 A/em gt 773K,
self field
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Fig. 1. Schematic diagram of a mechanical striation
method.
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Fig. 2. Stabilizer free YBCO CC samples with (a) 1,
(b) 3, and (c) 5 striations.
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Fig. 3. Measurement of critical current for four
probe resistive method.
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Fig. 4. Experimental circuit for magnetization loss
measurement.
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Fig. 5. Variations of the critical current by a change
of load.
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Fig. 6. Contact surface of office knife and YBCO
coated conductor.
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conductor at different load.
Fig. 9. Critical current of a separate striation at
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Fig. 10. Measured magnetization losses of no, 1, 3,
5-striated single YBCO coated conductor.
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Fig. 8. Experimental setup for measurement of
critical current.
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Table 2. Measured magnetization losses of a striated
YBCO coated conductor.
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critical current between separate striation.

a9 12e BEgE adte] dAAFE S A
ofth FHL& HAAM 800 grame] ¥ sow A
g TEole W AR 0 2 FEHJ e 12
emé] Aiidew dolzth 11 AlgeA e BdE A
Atel7h g H@o] o FolAA] egrom AE A
F7F 2a eE ¢ dnh 941 29 89 Wy
og Aol YAARE F¥ete AL A ¥
Hde BoFm ol

Lee F[14]2 ARAZHoR & B3S 9 24%
HehFE @ etchingste] 2= A4S £2ET A
g9 AsEd S SIS W BE€E a4zt G
TR0 dAA"H 7 AC loss/t ZaEA e
O Haskeivh a2y B A Z1AA By e
BB A 20 2 Tl £€E &AHE
dAZdF ] 9oz AC loss?t A= ZAE Holx
Aot webA 2y 12004 e wbeh o] 2HEAHO
2 Aol Hof el 2N AAARI Aow
Astedel grde A% 2+ Aok

0000016
1 /]
0D.00poY 4
0000012
/
gDUDDD\D
EWDDDDDDS-
°
> 000008
0.000004
0.000002 L
nnnuuw-
0.0 05 1.0 15 2.0
Tiansport Current {4}
000028
000020 !-;
7
g ooves
£ ]
% 000010 ¥
> N
Dogn0s _-i
000000

o 1o H 30 40 50 60
Transport Current {A)



K3

14 g==4H

Hn
Rl
ro
oK
o
fo

stEl=&X, 11¥, 1%, 20094 3¢

0.000012

D.000010

‘.
/
............................. ‘e 3 .!
0.000008 j
-
o

0.000006

Voltage (V)

©.000004

0.000D02

anm g . ;
T mmRmne S T
0.000000 + " ; '

[ 5 10 15 20 25
Transport Current (A)

Fig. 12. Critical current of 3-striated YBCO coated
conductor between the striation (a) betwwen 1 and
2 (b) betwwen 2 and 3 (c) betwwen 3 and 4.

2gFoAMe Mg &5

F Aol Av|FR o2 dAAH o] ¢
= | LolEr] s 5 cm AR
FY knifeZ2 £ F 2 7lgez F9 02
mm %9 Ag BE5ZE oA AFHY Ag RIS
etching A7l °o]f-& &4 Atojel wAEA dol &
AgEs AAs EelHoez dA9 A4 Ate]lE A
Aoz AAANFZ] Yaldoltt, =3 02 mm Eo g

AR 9, ok, 2, $8 Ag B33, 2AL vhaE
HEES BF AP 13) o= AY =3
Al AR el FE BAE REOoR AR BIE AL

AFeral7] $lsh Aol .

Fig. 13. Etched YBCO coated conductor after
1-striation along a vertical line.

2849 A 4L drIgelA Multimeters}, <
AAE 77 KA A-AF 4adxpgor 247 243
SATHZE 14).

voltage 13| &
/

f
W -1,

- ¥
\ current / etching

Fig. 14. Experimental setup for measurement of
surface resistance.

oA Multimeter2 &3 3 A3 z+e dut =4
AREAY 29 @, AA AL 77 KX A g
 HA] &kt waba 800 gramo 2 2E3 &
dME &4 Aleldde FAEFH R A4
U} 2AEFozE @Ede] S ¥ 5 9

lo 3L ol oo

o, 2 A

1

3

2ol

NIARez £ HwA 70 12 cm Heol9] XA

ox
e
2,
=
=
1l
i
O

= ook ol A=A oRE AZAEH

t A £89 &4 Aeld ARF S &9

Aok zEv &M 3t JAAR e 3A
o]

At wEA AR s BEE nL2AE AA
A &R gt dZFFo YR Ac loss7t AT
AME 2 w9 Fr 28 Aot Lee T[14]2 &
Aol F BEE soldering 3Fd paste2 H A7
Ac lossE HA3AE Wole &4 g o3
c loss Z4AEFA7} glojdvta Bag v v}

Lol lF 2y O BN 0 30 X

>

1.8 =
AAR e &g nerARAA BEA BES
Zol W2 A ¥ 544 o A7stach. 80
grame] B@AFL 2ol Jlal AAE B F
FEAe SHY A7 2T 24 57 2
3\]2‘

o Asedel sk
Irie —.Yamafuji model&
gdE 24 e AH HQo]l ehdIA k] Wi

23
BV
oft
o,
X,

288 F4 494 WA PSP B d
T 2M7) ZEEC] ATABAYL A2
88714708 Agiae A7l Adel o8 %
P 954

S R

[11 M. Iwakuma, K. Funaki, K. Kajikawa, H Tanaka,
T. Bohno, A. Tomioka, H.Yamada, S. Nose, M.
Konno, Y. Yagi, H. Maruyama, T. Ogata, S.
Yoshida, K. Ohashi, K. Tsutsumi, K. Honda,
“AC loss properties of YBCO superconduc-—
ing tapes fabricated by IBAD -PLD
technique” IEEE Appl. Supercond. 11, pp. 1482,
2001.

[2] Z. Jiang, N. Amemiya, K. Kakimoto, Y. Iijima,
T. Saitoh, K. Suzuki, Y. Shiohara, "The
dependence of AC loss characteristics on the
space in stacked YBCO conductors” IEEE Appl.
Supercond. 17, pp. 2442, 2007.

[3] Cobb C B, Barnes P N , Haugan T J, Tolliver
J, Oberly C E, Sumption M D, Lee E and



FET. BAY, 08T J|AIMez 2aE YBCO MAel uF&EM Zao ofg o7 15

Collings E W, "Hysteretic loss vs. filament
width in thin YBCO films near the penetration
field” IEEE Trans. Appl. Supercond. 13, pp. 3553,
2003.

[4] Hazelton D W, Xie Y Y, Qiao Y, Zhang E and
Selvamanickam vV, "SuperPower's Second
Generation HTS Conductor Design for Stability
and Low AC Losses”, Adv. Cryo. Engr. (U.
Balachandra (Ed.)) 52, pp. 859, 2006.

[5] Ashworth S P and Grilli F, "A strategy for the
reduction of ac losses in YBCO coated
conductors®, Supercond. Sci. Technol. 19, pp.
227, 2006.

[6] Z. Jiang, N. Amemiya, "AC loss reduction of
YBCO coated conductors by multifilamentary
structure” Supercond. Sci. Technol. 17, pp. 371,
2004.

[7]1 J. Kawashima, Y. Yamada, I Hirabayashi,
“Critical ~ thickness and effective  thermal
expansion coefficient of YBCO crystalline film”,
Physica C 306, pp. 114-118, 19983.

(81 HG. Lee, W.J. Kim, G.W. Hong, M.H. Lee and
HS. Park, “Position dependence of the
deformation state of the ceramic core in
Ag/Bi-2223 tapes”, Physica C 297, pp. 124 - 132,
1998.

[9] Flrie, K Yamafuji, "AC current loss of a meander—shaped
QMG curredt limit device”, J. Phy. Soc. Jon 23, pp. 295,
1967.

[10]J.K. Lee, M.]. Park, SW. Lee, W.S. Kim, C.
Park, H. Lee, S.H. Park, Y.I. Hwang, S.B. Byun,
K. Choi, "Effects of striations on magnetization
loss of transposed coated conductors”, Physica C
468, pp. 1727-1730, 2008.

14, 2004 BRI %
R LR REE]

TA QR

19569 49 3¢, 1978d A eoigw
T3 adzey &4, 19809 3=
Heled AEFETL SAEFITAL,
1983 % Ugd AeEds &9 (#F
ukal), 1983 ~ 2001, SHEPAEA A&
25, 2001 ~ @=adrIEEgn, oy
A e A

ol & W(FEH)

1958 39 1¢€4, 1981d A edgw
THUE, S4FH &9, 19839
e ABZFTEH EHFTAA,
19861 & wEd AmFEH EH(FE
kAl 1987 ~ 2001, S=dAHEAT A,
2001 ~ 2003, w]= IGC SuperPower,
2003 ~ gr=rAts 7l st et Al a8t ot
ke



