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Numerical Analysis and Measurement of Magnetization Loss in BSCCO
Multi-stacked Conductor According to Stacking Geometry
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Abstract - AC loss

is one of the main research area

in AC power application using high temperature

superconductor(HTS), such as HTS transformer, HTS current limiter and HTS cable, because it is closely related to
efficiency, economic estimation and design of power device. A lot of research for various arrangements of HTS tapes
have been performed to increase a capacity of transport current because single HTS tape can not satisfy the demanded
current capacity in HTS power application. In this paper, we studied magnetization loss by different several arrangements
of BSCCO tapes such as Edge~ to-Edge type, Face-to-Face type and Matrix type through numerical analysis by

2D-FEM and measurement. As a result,

we got the result that the magnetization loss of Face-to~Face type

arrangements was lower than those of other arrangement types under the conditions of the same stacking number. We
think that the result was due to shield effect by demagnetization of adjacent HTS tapes which are located face to face.
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Fig. 2 Strip model and ellipse model.
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Table 1 Stacking geometry and number of HTS tape

Stacking Geometry Number of HTS Tape
Single 1
ETE stack 2
FTF stack 2,4, 8
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Fig. 3 Numerical analysis model of HIS tape for
magnetization loss.
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Fig. 4 Experimental set-up configuration.

o o& TLEAE MA ABA TAF {Fr)7IHAE F
Asl7] AA Z Jiang® N. Amemiya’} A A3 Linked
Pick-up Coill(LPC)E °] &35 v7]. LPCo ¥ ®o oig 7}t
2xdZxgole 47 30mmol™ F 10008 #th LPCE
A5 wAF AF AAE 41x02lmm’e] BHHL Y
o, 1wV/nE 7IE2Z 3EE | H4Z gAAFT 130A, A
E AA9 AAAol: 18melth &3 Al AMER AA)e] )
o Azulde B.139 9o

22 XataAe AN ¥ =3 Az
29 55 A% BYAA AW Asede 42F of
%ﬂ H4d Ao A4 AY zn 29 2Bt )

& vehig. i) g Ao 2% A
og@,ou AA @ ARF &
S SAANTH R Y BT
e},

29 6& ETE 24% w7 FTF 242 wde) Azt

A43 53
B =FA

& e

H& sjdsisbol ut2 BSCCO MEMAM 2l Xstad S Fxa

2
8
A
4

Trans. KIEE. Vol. 558, No. 2, FEB, 2006

——rr v ——r
105] Single tape p
s
° ]
& ]
% 10°4 E
2 1
K=] 1
c 4
o
5 10° 3
2 3 i
c 3 —— analysis
§’ ] ~8— caculated by FEM 1
—8— measured 1
107 A v T -
0.01 01
External magnetic field ( T)
O 5. AMYHD exisiM, YA fE ctA MR

ApetEA vim,

Comparison of Analytic calculation. vs. FEM .vs.
measurement for magnetization loss of single HTS
tape.

Fig. 5

| B EPU T Ry

~—E— measured, single
—e—ETE, FEM
~&—ETE, measured
—0— FTF, FEM

—O— FTF, measured

Magnetization loss (J/m */cycle)

10 ——r———rr . v e
0.

External magnetic field ( T )

a3 6. ETE, FTF 2-stack M Sl Xpetda
Fig. 6 Comparison of magnetization loss in ETE, FTF
2-stack.

AztEd A71% Blast vepd Aot
A SR ARG 2F 9
A AstEd Az A 7o A i S8 ¢
T Aot ol FTF 23 F MEY Zf A Aol &2 #
713 AfHEez J gF AA g AHEAFAI Hojd

< 9dAMA e
ETE 28 % wg9] At

We, ETE 24% 929 Z9 Ax Alels) 718 2ol
A9 HA ¥1 25d AH AAZYE TAT AAY 9%

g wo} AseAd A7k BAAA BY ZhE ReT B
slet,
29 7& FTF 442, 8427 Matrix 442, 892 A4

o Az&4g el 9ot 2E FTF A Z9ld 3 Matrix
Hzujgde AL AR ZAgkeg. o) F 74X
85



BRABEFAE S5BE 28R 2006%F 28

T T T
5
107 E
_—
Q2
2 10t
L 10" E
E ] :
2 1 ]
(7] 3
[%] - o
81973 3
g 3 —&— 4 stack, FTF, FEM ]
2 —0- 4 stack, FTF, measured 1
5 —e— 4 stack, matrix, FEM
‘?3 102 B —O— 4 stack, matrix, measured
c —&— g stack, FTF, FEM
= 3 —&— 8 stack, FTF, measured
§ —v— 8 stack, matrix, FEM p
rY g 8 stack, matrix, measured §4
u
10 — . — e

0.01 0.1
External magnetic field ( T )

a" 7. FTF, Matirix c} HE MAje|] Rpated
Fig. 7 Magnetization loss of FTF, Matrix multi stacked HTS
tape.

Az g a9 69 YehlISo] ETE H5w4e] g4
AARY 2399 Ade 9y AEdoN fad F&
B Y A9 HZ A FTF H2uj¥L Matrix 3%
Hard Fa%E& 18 7& $3 € + Aok Matrix 43 %,
83 % A9 A$ Azede A FIF 283, 48% A
Ao} AspEds FAEIY, o)l Matrix H39 F27F FTF
Hzulgdal ETE H3ulde g€ Feol7] d&o FIFR
A2 Matrix 339 4 B#Fo2 = FTF HEudd A
go) 7% Ay Aoz A AW EIVE HAAYAT,
wato 2 ETE H3u|d3 ol 2714 Hio] A3
AazA gx AA gl 93 d3gg W] froeg B £
o},

a9 8¢ TR RS AR HIZAA I SomTYH, L&
ZAE AAE GdIdAA, FTF 432 | Matrix 48F 02 F
Astge o AA WEe AHAFe] BRI AFUEEEE
el agelth 23 8(a)9 9aMAA B¢ AARFA
AN FANA BEIA Ao SAAFES o]FofA 2 US
& & $ stk 29 8(b)E FIF AHZolp n2xAX A4
E 4 A2 AL AFYRY BXE R 449 2AHE
AL By AAR o) Foid ez Holm glo G
A718 AgE olFx YT B F Utk 3™ Bo)e
matrix3 o2 HAZg wigdo|c} 3 Wk wix et 4 HF x|
2 Vol Bgts o), @ W HixE 29 8b)Y 2ol =)
A AL ofFo] F ALY ANz}t el HAHMY Hel,
g watoze 273 AL oFA R LS B F
At

Y 9% FTIF 4223 Matrix 48 %9 AAREE YE
W glch a3 8ollMet ol FTF wide Zdd x7i3
A%E Boln USe vy Utk Matrix 4 FZufd e
= FTF #1483 2ol Z¥3 Ay A
9 & 4 glen, 3 wory 27)FH A
8 Abojo] oF FrolA AT
2l7] @&o] BAstn Q&S 49 & & ot

g @

| &
(a) Single tape

AR
bl i

{c) Matrix : 4 stack
J (AVé x 2.807e6 )

T T 1

20 40 60 80 100

-60 -40 -20

]

-100 -80
ag 8. 2XME MR MRUTEX(at B, =5mT)

Fig. 8 Current density distribution of HTS tapes for single
and muilti stacked HTS tape at B =50mT.

(b) Matrix : 4 stack

ag 9. 2N MX e HEuido] e XAEE
Fig. 9 Magnetic field distribution of multi stacked HTS tapes.
(FTF 4-stack and Matrix 4 stack)’

25 —r-—T — T T T 1
—&—single 4
—e— ETE, 2 stack
2.0 —A&-— Matrix, 4 stack J
1 —v-- Matrix, 8 stack
—0— FTF, 2 stack
—&-FTF, 4 stack
154 —y— FTF, 3 stack _
%’ .\\' ﬁ
3 T
9 0] T te—t——p—t—a ]
O% . 4 18;6:6{_6 l
A, A—AT 0
0.5 o o /X::X//X;X -
X e gV
0o I 7 ﬁ
A T L M T T h T
0.00 0.02 0.04 0.06 0.08 0.10

External magnetic field ( T )

O 10, CHEMM 2 M 3stst XEeal,
Fig. 10 Normalized magnetization loss.



E 2. chAdMFjfof cfst MEMAL XtstaE4 4]
Table.2 Magnetization loss ratio of multi stacked HTS tape
by single HTS tapes.
Stacking No. of Q stack/ Q single
Geometry HTS Tape 50mT 100mT
Single 1 1 1
ETE stack 2 1.05 1.02
Matrix 4 0.66 0.83
8 0.36 0.57
2 0.61 0.82
FTF stack 4 0.29 051
8 0.15 (.29
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