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AC loss Characteristics under Critical Current Degradation
of HTS Tapes
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Abstract: Critical current(Ic) degradation of High
Tc Superconducting(HTS) tapes and AC loss under
mechanical load is one of the hottest issues in HTS
development and application. Mechanical load
reduces the critical current of superconducting wire,
and the Ic degradation affects the AC loss of the
wire. We measured the Ic degradation and AC loss
under tension and bending of Bi-2223 tapes made
by "Powder-in-Tube” technique at 77K with
self-field. Also, we have studied the frequency
characteristics on self-field AC loss in
multi-filamentary Bi-2223/Ag tape at 77K. The
measurement results and discussions on the
relationship between Ic degradation and AC loss are
presented.

Key Words: Mechanical Load, AC loss, Critical
Current, Frequency Dependence
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Table 1. Specifications of High Strength reinforce
wire.

Manufacturer AMSC
Width 4.1 £ 0.02[mm]
Thickness 0.3 = 0.02[mm]
Material Bi-2223/AgMg/STS
Manufacturing process Powder In Tube
Number of filaments 56

Critical Current >115[A] at 77K, Self-field
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I, is peak value of AC current.
I is critical current.

w3 2ME taped AFEHY Fos 54 AT
5171 9] 8] Mechanical loadZ 7}8tx &< sample] ©H
shod 30, 60, 120, 240, 480Hze] ARAFE U754
t} EAEAL 307480Hz A Fge] wE g3
2 2=2[]/m/Cycle]l2 A543, A Q2149 84¥
norris £2Ae Ag3le] AYA 9} o|RAE HMEA
shAh

3. A" Zz

0

Fig. 391 A& Mechanical Loadol w& JAAF A
stEA3 100[All el WFELAEAL S ERAAT
Bending Diameter’} 70[mmlZ H3Sw, dAAF=
of 53% AT TAHJIY F ZAHE tapeel 7HAE
Mechanical Load”} AALF = Bi-2223¢]
Multi-filament 23l DamageZ 7}stAl = o, dAIA
T #ZastA Ao AT dAEFe FahEd H
# AC lossv ZA F7HEA &dth E£3 24
taped] ¢17}5 ¥ Mechanical Load7} 4AIAF Ao
4L mRA Fe FAME AC loss® ZA F7F
A et

Fig. 49143 Mechanical loaddl w& FAE&4HE
Jelgth =A% tapeo] Mechanical load?t F71€
T2 EAEAL SUHEA 4T o] A& Mechanical
Loadol 2|3 DamageZ W& ZHE tape T3°] &
L] AdAATF Ex7 795 RS2 E, Fig. 4
o xel o] AC losst ZA F7/HHA E4E AL
Atg g AA Ag® Ate] FIHERE A
Aeld By AF BEE7 BodIAch

Mechanical load7} 7F3 ®o] 71slAd JAAF7F <&

A fr

2 o

= =2
=



213

abt

CEAE AAE

58%olst2 AstE A, Fig. 5AAe
norris °|&2e I} T AolEF EA
bending diameter”} 80mm ©]4<¢ 4§ <
o A=A gk, o] 4y HA FAEAE FtE
Z| k31, norris ¢ 24 I Z Aol E Ho|A gkt
A AL A el AAMNFEEYE EoUdd F3t
(bending diameter : 70mm)ol A= ZAH&4A e
F7138HA] %A R, norris o &2 B
o norris o}&A 9 7RI ARELE 2}
I 714 ol]&Aolm, AA sampled HFEE7
Aoz o247 USR] gertn A HTh
AAAFE AslE 2AE taped $H<E2 3 norris
ol2Ag vy u) AL tape A damage’} 7+
2 A norris o] 4o A Aojm, B A
FolMd8 FEAHQ damage? Ml A9 o2
= dAsHA g wgbA] 2HE taped] EARIY
Al Mechanical loadell <93 LAAF7F AdtHAZ
tape®] damage® X % IAAF FUAHE XA
W norris ©| 2@ T FHEA AolE AEHE & T

A& Aol

2B
_{

|
7wl —°— IcDegradation \
—e— ACloss at 100[A], 60Hz

Normalized Ic Degradation [%]
X 8
/
3
[wy/paw] ssoy pPRY-JIRS

Normml  100[mm| 90fmm] 80[1Irm] | 70[:lm1]
Bending Diameter [mm]

Fig. 3. Critical Current Degradations and AC loss
Characteristics at 100[A] by Mechanical Load.

—
Ac loss by Bending Diameter at 60Hz
—u— Bending Diameter : 70mm /‘
—e— Bending Diameter : 80mm
~4 - Bending Diameter : 90mm

E —v— Bending Diameter : 100mm f
E ¢ without Bending /./,{}/
E 10° ‘ " vid
g ] I V
= 74
o 2
= /
"L

s e ——

0.4 05 06 07 08 08 1 11 12131415
Normalized Transport Current Io/lc

Fig. 4. AC loss characteristics by Mechanical Load.

Fig. 6l & AC loss® F34 54
AT olste] FAelA = Fagrh
AEde aA FhstA ek =, 4
M 245 tapedl] HFH= A& A7|7)

saeeh #7134 A9 Fad Ao
o) dFNE FHF7t Z

e

iul
JHU;%
2, ofs B

=

2 S

il sy ok

o ]

>~lO o—h
> 1% o
e

o,

X,

Y

u

o

ox

|2

i)
-t
s

il

X rlo oin _Q, N
2
- b
BN
ald
X

v
o
=
tg
re A
i
X
¥
N
i

ol ]0
g
)

B
o
2
2
K o

I I
&
Ic Degradation 58%
= Self-field loss &
g i;_ —n— Measured Loss
L\E) —e— Norris Ellipse © ,
E . -
9 107 4 @
= u
>
-]
ke
)
170} »
10% +—rrrrrr ARRERIS s e revereey
03 04 65 06 07 08 09 1 1112
Normalized Transport current lo/Ic

Fig. 5. Compare Measured loss to Norris Ellipse at
Ic degradation 58%.

I [

Frequency Characteristics
of Selfi-field Loss

10" o —u—30Hz

] —o— 60Hz

—a-- 120Hz

1 ~v— 240Hz

1 -O  480Hz

—<~ Norris Ellipse

Self-field loss [mJ/m/Cycle]

........................

BRREERRSLasTLL
0.3 0.4 0.5 0.6

Normalized Transport Current Io/Ic

Fig. 6. Energy loss Densities per Cycle of Bi-2223
at Different Frequency of the AC Transport Current.

4. & E

E AT A E Mechanical loado] W& AAARF A
FEA 2 Ededn FAEdY Fo4 EA]Y U

sel e 2o AES A



32 SREME - M2IES|=2X|, 7E, 3F, 20054 9F

e
=
2

5
o

=5
e

8,
5}
o

Q.
)
olN
N
et
-+
Jh
P
)
t
1

Multi-filament Z %ol damageE FHA 244
AatAct SR T JAAF Y AeEl
& AA Z78kR otk RS 2HE taped]
A<l damage”’} 7FsllA dAHF £
5, damage® W& FME &4o] AW,
Aorel A BE o] gHo] damage T
o] AP 4L A FUEA &=
@ ZAT taped FHRA £A4E& o} dAHF
By¥7l E7U3H, nomris &S FHEE + gl
A% norris o2 YAAFIE Fdgd FAIATE
W, AME § Qe o232l £4oth
® AL tape®l EA97} A] Mechanical loaddl
3]
A

=

2

ojt

RN
Lo e R
B 2 o dg gy i L

-

_{

¢

(23

d dAAFIE AdEHAE taped] damage®E H
AAAFY FUANE ZAEE Y norris °1 2@ T
&40 Aozt ZAW F4FH YAARFY £Xe B

me 2

AAANEF ol dodo = 2AHE taped TA
sAe FaLrt FAEEE 2FH Z7MEAT o]
Re FaFrt FSFE Self-field7h Al ©&
274 AEFHDE Eeioe] FrlEE AoR AEd
},

E A1z E3 g A#EL 2AL Aok, 23
E RY, 2345 WYy 59 A= AH7| 79 AA
2w zbe] glojA FoF 712 HelHE #8&E Ao

Al

aAtel =

B a7e 2147 Zeeel avgtgd AAad
N $8714A e AT Aol s &
#5914 v,

X

2 10 =2 3

(11 % A%, 2=, “AgagFol A% Bi-2223 =49
Atgtedd mAEe 4, dFAAAA 8T,
Vol.16, No.1, p.77782, January, 2003.

[2] 1. Forsyth. E. B and Williams. J A, “The
Technical and Economical Feasibility of
Superconducting Power Transmission : A Case
study”, Trans. on IEEE PAS-94 : pp.161, 1975.

[3] Forsyth. E. B, “The 60Hz performance of
superconducting power transmission cables
rated for 333 MVA per phase”, Trans. on IEEE
PAS-103, No. 8 @ pp.182-185, 1984.

[4] Jaakko Passi, Et al, "Frequency Dependence of
Self-field AC Loss in Bi-2223/Ag Tapes”, IEEE
Transaction on Applied Superconductivity,
Vol.10, No.1, p. 121271215, March, 2000.

[6] S.W.Kim, Et al "Transport Current Loss and Ic
Degradation of HTS Tapes under Mechanical
Load”, IEEE Transaction on Applied
Superconductivity, Vol14, No.2, pll1l071113,
June, 2004.

6] X8, x4, “2AR F A2, AL

[71 S. Honjo and Y. Takahashi, "Outline of
Verification Tests on a Superconducting Cable
System for Practical Use”, Cryogenic Eng. In
Japan. 36, pp242, 2001.

(8]

NSteve et al, “High Temperature Supercon
—ducting cable field demonstration at Detroit
Edison”, Physica C 354, p49, 2001.

A= (&EE)

1977\ 29 19¢4, 20008 g oisiw
A7)t 29, 20029 F oigtd A
713 gt
71T
.

FA(FFAA), 24 I
2AESEATIF A5

2R (#2m)

1960 39 2943, 1983 SFdidtm
A7\gsty £4), 19859 ¥ Wigd A
71883 EQF AL, 2001d
dats A7 EQEEGAL
19908 ~ €A gd=H7 AT 2HES
SATIF LA+

A (BT

19764 119 17¢4, 200003 <A
o AT £, 20059 AAoiE
2 hEd ATt EAEF D,
A FFAVNETY 2AZTSEAT

A 718 ()

1973 249 144, 1997 AAdg
A71Fss £4, 19949 & Wi
7188 E(FT A, A =
N7 2AELEATIE AYD
.

2 Rl

4
d

e

2% ¢ (B )

19753 9Y 8U . 2002 AHAWEw
g 47137 . 20049 g
7133 FY (FHAAD, 2004€ 5
dehe wpabeh, A a=dsld 7
2AESEATIE AFATL,

SEXTETES

19661 4€ 30¢4Y, 1992d Tx st
A7lgeta &9, 19949 AAsw
getel  A71Ted I,
19980 5 distel W7EH BAEF
sk, @A) #RA/ AT 2AES
L£ATIF ALdAT L.



Z1 &)

Y
fols

2

[e}
25,

FiN

A F ()

19651 1149 25948, 1993 A7
stw M7 Estd £, 19959 5 o
g9 ANFEH  EA(FIAAL,
2005 5 diEtel Arjged &4
(F8hebAl)) 19953 ~1996 () E o)
AFE 2 19968~ A s
7Y 2AESEATIE AdAT4

[0 o

YARF Adel vE aFEY 54 93

4714 (BEE)

19561 2€¥ 20948, 1980 Fdigt
@ AZlFsy &4, 19834 FHE
9 A7) g3tH 24(F A, 2002
9 Aadgn A7 £9(=d
HhAb), 1986 ~ @A =TT
ZAEEEATIEF HAIATL.



