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superconductor.
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The Critical State Model/Equation

I SR ASAREL TR
Bean Model j. (T, B) = const.
Kim Model i (1,8)= L0

Generalized Model j.(T.B)= j. (T,0)




|__i g EIEEIRE)——E-J) power law

Thermally assisted flux creep (FC)
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Transport Current
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f,(0)+ Fru(0,) + Toy(py)..... BLERER:  “Resistivity Adaption

Algorithm” EBREERZMLIE(RAA):
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®GU et al, IEEE Trans. Appl. Supercond., vol.15, 2005. (20055F2HEGX)
®GU et al, IEEE Trans. Appl. Supercond., vol.23, 2013. (2013FE52R% 7 IR0 4IERR)
OGU et al, IEEE Trans. Appl. Supercond., vol.24, 2014. (20145E55hR% InEREES1TTESEH)
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Equations behind AC loss calculation
For Bean model AV 25 15 B .................... —_—

QL) = 4 /S syl )5

For Kim model T2 [ A

Q= / dt / J(z,y: t)E(z, y; t)dzdy

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

2/ dI/ z,y; 1) [0 A(zo, yo; I)— C)]A(L Y; I)]da,dy

For E J power |aW 3Hﬁﬂ&%u£. ..‘ .................... §.-.. ...\g .................... %.. ..‘ .................... %

) /dt/J(w.y;t)E(fL‘, y; t)dxdy
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Tansport loss (J/m/cycle)
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Nomalized Current (I/Ic)

Compared with Norris
curve(CSM), error less than 1%.

Normalized current

Compared with Brandt method(E-
J), discrepancy less than 1%.

W. T. Norris, “Calculation of hysteresis losses in hard superconductors carrying ac: isolated
conductors and edges of thin sheets,” J. Phys. D, vol. 3, pp. 489-507, 1970.

E. H. Brandt, “Susceptibility of superconductor disks and rings with and without flux
creep,” Phys. Rev. B, vol. 55, no. 21, pp. 14 513-14 526, Aug. 1996.
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Dr. Ernst Helmut Brandt
@Max-Planck Institute, Germany

September 17, 1941------ September 1, 2011

Helmut’s theoretical work has always been concerned with the Abrikosov vortex
lattice in type-Il superconductors, particularly with the ideal lattice, its nonlocal elastic
response, lattice defects, pinning, and effects of geometry on the electromagnetic
response of superconductors.
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Numerical modeling of cotical-state magnetization in type-il O <
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Four major numerical approaches, featuring different equations,
have been developed so far: the A-V formulation, based on the
magnetic vector potential |5]; the T-Q formulation, based on the
current vector potential |G|; the H-formulation, based on the mag-
netic field [7-9]; and the Adaptive Resistive Algorithm (ARA) [10-
12]. Further to FEM also calculation based on Vaniational Principles
have been shown to be very powerful in several situations [ 13-16].

A 2 4 2225 Farinon 2017 XX & 2 51 T Tk
1 7 E FIE I N

A-V; T-Q; H-formular; RAA. HHRAAJNATNH i
HiRH

ZOIOEE [10] Farinon S, Fabbricatore P, Gomory F. Critical state and magnetization loss in
multifilamentary superconducting wire solved through the commeraal finite
element code ANSYS. Supercond Sa Technol 2010;23:115004.

ZOIOE'E [11) Farinon S, Fabbricatore P, Grilll F, Kriger PAC. Applicability of the adaptive
resistivity method to describe the cntical state of complex superconducting

systems. | Supercond Novel Magnetism 2012;25(7):2243-350,

ZOOSE [12] Chen G, Zhenghe H. Calculation of AC lasses in HTS tape with FEA program
ANSYS. IEEE Trans Appl Supercond 2005;15:2859,




(g Fouiimit HER— RAASEATILHA SIS

SSMETRAAEZRIMLS "HIBZE-BH-AMES" TR
e, WU, AR SRR B

r\-

T BB SRS N A RS
hE

BRI EGREST

AR IB ST N A ARAE
hE

SERLAR, MRI, &SSP

PRimES, SMESKZF

IR ESHIBMIEEE, INEREEINRTT, BSREINABRIEEARMSIF




|__i REInTREEM—%E "Kii" RFERFERE

| A BRI R S BIEAR R AN TR PR SRR e M T RAASEISEIRIRFELS
m — — | BRAREHHE

ZMER, =EHHE,
MRESFIERER

1N
I -
b <
1341 18,4500 WITT] O . B .y
ST Y A N213% 3 . X
" .

30A-50Hz-40[B4B A mIREE FHY#ADS T 60A-50Hz-40[E & B35 ReE PRI

FSEIERATA], (HELERE(THHME FAM4OM IS4 TIEfE30AR BEREF RE S BER R R
1.7K, MI{FE60ARLETHE®IA13KLAE, BBz TIFRNEEXE, /FA Ji2, &Hlquenchfg

BB T FAEBIRIHKIE. Bz




[ g AR

BRARRFET:  "BEM+" RFEHEFETN

oot S —— B —————— ]
BB RAE AR = |
RAA Resistiviy Adaption Algorithm A = = g il‘.‘:: d'%i&?;::ii’(;ﬁ:: .
TN SR * £ Fwxmanw 2
WRATE (A) : e
DOCTHLTSSE (h2) S kNnsy
Waon - P n T *m MELe
- . : - BRIRM (mm ) [ | Al
- ’ RN (o ) ‘
——: o I BRGEEE (mm ) . ! iad L y
) - %)
GO | | EBREO 4 e ]

AN B AFER TG, FIEMLEAT, Rithtto://www.eastfs.com/ctilshfzfw, ZEEEHER FE
SMFRUNER BT IS EFIm 241, M LUERSRMAE DS RRENTE., TN EIZE)
RZIBRIAEE NG, FIRTER RSB ISISEFE, S5 aTiE. ENI/MORFRERFITEIFK, 25



http://www.eastfs.com/ctjlshfzfw

[ g AR

250
200

Superconductor AC Measurement & Simulation Lab 150

100
Maatarpment Las, v atinn L

R e s 50
China/ America /Gemany /UK / 9%[F Other/
[ F ik 5] HE

mplete the questionnare for program download hinks

ere (o
.a-‘a%:sE:w‘nﬂ: ? EFTES,

Instructions for the use of RAA programs/RAAIS IFEENQER 45

] what Is RAA20190325-1 pat 35
s | ‘ 30
25

20
How to use RAA-20190325 pdf 15
A 10
5
0

& Q@

Nurmber of current downlosdy/ SmTRALT: 35 - \,\; 9%’5 o N
Update time/Bati: 20193.27 0«@ \“\3%0 0«'2’0 ,\5& \\‘3\‘@% K \é"
C X i S O <
. & ¥ Q° \ \% ¢
< ” " loads/ T . O AS) < N
about Rt % o4 @Q’ ‘$ & S
& °
(\")
>
<&

Rit100021718R, FIEBREMFEEhttp://www.eastfs.com/raacxxz> EZFeREatit40052 4
T, AAESHIRIREER)




[ g RAER

[ ] HTS MODELLING S

SOAND WOOEE fRss WATEHIAL PROMNTE S NENCHRARK S

The Blog “"'"' ot

o » BAA o "t
RAA open source rar
. . Everns List
‘
Evens Calenanr
i SIS i 4 bt 1y et e - ' 2 R 0 Mk P AN e oy pcim A

Lavest pusslications

AT EEANEAT I E, RAABAFILZER] LUEHTS Modelling http://www.htsmodelling.com/ Mk 4%, (1Z M
FH [ PR 28 207 R B E KT R ZGrilliHe)D , IE S F 624 T3k,



http://www.htsmodelling.com/

NS

1.% %&ﬁhﬁﬁﬁﬁx%E
2. MBI tREY

3. BRI P ERRNEM
AT/

xrm

4. B AL TARAE:




| g 2ESRREN—RITA S

1 \ I N 1 v I ] 1 v | v | y I . I
18 -
/ : )
gﬁﬁJ __________ 16 | = b -
HTS —* L — 4
LI - {11111 14 |- -
Gap between i 7
tapes I 12 -
Magnetic Circuit 0
E 10} |
z Al £ ]
.- w
oy w -
PRA S s} :
i [ @05|C 1
4 i
2 .. -3 -
- B
0 =
1 M | I 1 : | 1 1 L 1 4 1 L 1 " 1 1
0 2 4 6 8 10 12 14 16 18

éj% E,’;Q:H;, %}mgi Number of turns
PRy iy

PR AR AT I 45 A B [ A T 52 £ 1k 19 in
%, HREE I AE— P R A




| g ZESSRIREN—RITR-SE S

| 0014 - - - - T - T - T - T
i L| —2— step=0 |
- 1 __ I 10 3
i : 10 0.012 { —&—step=3 . 2 .
>‘< E x || =7 step=6 : ) :.%! &
i’ l —y— step=9 : : RTes
< ! 9 0.010 H & i
-~ ! |Z step=12 : |II 3 :
. . ,
: 0.008 | : =
; = |||
=} 1
i = 0.006 - i -
<1 )
0.004 ' —
0.002 | 'Jl" - -
‘%‘ %L &x‘ g‘_ |£L|_| IA‘L-.
0.000 .
1 N 1 N 1 N 1 N 1 1 |
0 20 40 60 20 100
Turn Nomber

2 Dt Bl e S DR SR AT K T B A DF o AN I 4534 K - Fp 38 L 4534




L g 2B RIREN—RIT R S EE

I T T LT
~ Jc_NoMC =
1E-3 | v—Jc_MC B __
' o JoB_NoMC ey :
0 JeB_MC P
D '
s
A :‘l
Gap between tapes B
1E-4 B D . .
! 8
L Q‘.A 1 L YR YRR WY VRN VN TSN VRN [T MNP VAT UUOY VRS VA TSN 1 U [ U VU7 YO YR VU WY V70 W LY Y 1 Y0 W 10
40 60 80 100
Current (A)

1.Jc(B)Ff TEXT T AU AT I 4 #E 22 OC B 2L
2T, 2P AU AR LY IO R K 30% .




_m 8B —RIT N[ 55

—| %k

LE T v T
45+ R 454
Py
A e 36A A
40 A e 84A B 40 = 36A
4 108A ' o & 84A
A & A ° 4  108A
35+ 3
35
2 2 s .
&E 30 o e
< 2 3.0
= L L J
25+ "
. ® 25+
-
20t - A 4 - A
3 2
E
s 20 ' - L N ' ; =
15 s ' 1 5 i 1 1
0.0000 00002 0.0004 0.0006 0.0008 0.0010 0.0012 00014 0.0016 00018 §0000 D000 2.0010 00013

Distance betwwen turmns(m) Distance between tums(m)

A6 T 2 B AE A o L 2 S T AR
156 I I 1) BE R I T AN, GBS 110 5 O\ 2 BELRS A4 L 72




| @ GBS RIRE M —ARIT N L5

Y4 sub-strand Y arc filler Metal sheath

/e

Current

More than t parallel
connected a mon
electrodes. conductors




L g SERREN— T HE S

e r——1.30
—O—n=1 Tape-Open ! | | ; S
—O—n=2 Tape-Open P L4125
—"—n=3 Tape-Open S
—w—n=6 Tape-Clos : _/?/<>
—_ —l—n=2 Tape-Clos | // - 1120
R, —®—n=3 Tape-Clos | - s |
N1:30.0, N2:30.0,N3:30.0  N1:30.69 N229.31N3:30.6  NL37.0 N2:17.5 N3:355 S 0.01 ; ; | = A | e
2 ' ' i s e e I R 1
£ ] i o
= | i | | S
o 7 i e i i i A
z : B A I B RRTC
C a a a S -
/T—o—c}ws@nfwc}mls@nlmﬁt 1.05
N1:S48 N2:52 N3:307  NI:SS.2 N2:20.6 N3:142  N1:552 N2:20.8 N3:.14.0 0"4// | | | | | -
[ et 100
30 40 50 60 70 80 90 100110

Current (A)

Fig.1. Qnts with different n values.

A “3-887 RGO A FEIFIREI G, FFIRE A AR

: @ gggégég gijﬁacﬁﬁiﬁnxﬁuaw, (L R 37 A P 3 A 1 S MU B 4 ) B
% g AL o

®GU et al, IEEE Trans. Appl. Supercond., vol.24, 2014. (20145E5SRk, A EFESITESEH)




| ZESSRIBEN—IRIT RS

@Im/1c=0.5 Regardless of the n value, the outer
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