5 45 55 5 W) wode B Ok 2 e Vol. 45.No. 5

2024 4 10 A Journal of Hebei University of Science and Technology Oct. 2024

X EHS:1008-1542(2024)05-0471-08

NI-HTS 2B A [R] % H R B 38 m i Ae 01T &
R, R ,E O H

%jtr%;bk‘ b cm.aff:lt'f%k 071003;
./T:Ib/é%ii RBRAARKELEFZET,MAKLE 071003)

W E ARG 5B TR E A SRR AR R R R 8 R 2 R S A AR A R
WA A ARARNM, AT E-J FRIMHEBRE RERNBEY A PLALLT 9 T-A 7k
Vg AR Gy & M AR LR AR ARG SRR FH KB LRE A S
A Ao A B SR ARALN R, R T RBFRE P k. %ﬁz&ﬁviﬁﬁi}iéﬁﬂs‘%ﬁﬁizﬁ#ﬁ%;ﬁi}ﬂ%f'
MRS N T A/ AL REFAELGERLFEBENCAS A H0, SR EL
E;}L‘T‘V?ﬁ‘éjﬁﬂf’i?@%&%@ﬁ‘]iiﬁ.’fm%%ﬁiﬁﬁéﬁi@i]ﬂfni@ﬁﬂ;iéi@ﬁlﬂ%‘i;ﬁ{iﬁomzf]é’] AR
T b6 %% 2, B8 Heit 7 40 0 7T ok I By 3% 2R ) U B, &R A A B A By BT R ) 38 e e i L
AR ERTAAR LG GHBRLFEXBORT R ARETTRB—RHRRAE,

XEE.RFYET, HER TR LB %K B REBCO; A

FESES.0511 .9 XERFRIZAD : A DOI:10. 7535/hbkd. 2024yx05002

AC loss calculation in self-field of NI-HTS
coil carrying different transport currents
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Abstract: To solve the problems of the AC loss in self-field for no-insulation (NI) HTS coils carrying different currents,
such as AC transport current, the current scanning inverse in order to decrease the screening current, and so on, by using the
T-A homogenization model based on the E-J power law, the effects of the transport current, frequency, and the n-value on the
magnetic flux density and AC loss of NI-HTS pancack coils were simulated. The instantaneous AC losses of square wave,
sawtooth wave, and sinusoidal wave for double-pancake coil were simulated quantitatively. The effects of charging and
discharging ramping rates on the current distribution were also discussed by using partial element equivalent circuit (PEEC).
The results show that the AC losses increase with the increase of frequency from several hundred to kilo Hz. Due to the

transfer of the radial current within coil’s turns, some inverse azimuthal currents may appear in the NI-HTS coil in the early
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charging period, and some of the azimuthal currents may increase during short discharging period for the same reason. The

simulation work can provide some theoretical references for the studies of the stability and AC loss for NI-HTS pancake coils.

Keywords: superconductingphysics; high-temperature superconducting magnet; no-insulation coil; REBCO; AC losses
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Tab.1 Parameters of no-insulation HTS pancake coils
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Fig. 1 Distribution of instant AC losses and the current density versus different n-values
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Fig. 3 Distribution of instant AC losses and current density versus different amplitudes



%55 BAIIHE L 45 NI-HTS 218 R 1] 38 B i A 3% 22 T ARG 1 758 475

PR/ UL BB G AR AL R AR A 4 2 i, 2R R 1 py AR AR E O BERT S mBAE R 4 b B
. KB 1LL2.5A/s HEFEH 10s 5. HRAEREF 25 AHE 10s 5.0 2.5 A/s B 10 s F 0,84 f2 L
iy 45 R A i L IR A A AR IR 4 b)Y BT

4 126
N 4 T-AZ R,
o T-ABTLH]
! 3 _ — thr
E 3T 120
’ i z q18
| | = 116 _
x J14 3
0 0 X o2r =
W 112 3
-1 =1 = {10 &
= 1g &
=0 t—21 ( |
‘ S 1z
-3{z ~31 ! -4
—4 {41 { j 42
r 0 0
-5 = B B mm [—5] ) mm| 0 20 40
48 49 50 51 52 53 54 55 56 48 49 50 51 52 53 54 55 56 I fl/s
a) FARUGREK e 4R Ak R s A b)) FU/CH BT A A BRI S AR

B4 /R B R G EE R L/ T B A E LB B A
Fig.4 Two-dimensional cross-section models for single/double pancake coils and the AC losses of single turn
on the cross-section in charging/discharging period
2.2 WHtLEREREY
XUGFLE ] 3 g 2 A AH [] I 80 A RS ) T 246 ¢ B R 2 Bl & 2B 1, PR DF AV JE 0. 4 mm . 28 XUPF R 18] 43 Sl
W ATT I AN REE AR (S A/s M 2.5 A/ BYHR A L BCIE 320 4 B £ i F il QU (E 2 0 25 A T )
B 20 s) %k o 2k V8 A2 Ui 4 A e 2 B LA K UE — Ak F, B 8 R 0 A IR L S SR TN S BT

09 r o U <30 0.025 N =30
= — AR s —— SR — — AR ERARFE
08t T~ = - 425 \ 425
o7k 120 __0.020f 120
£ | H15 = H15
E 06 ! 10 = £ 0015} 110 <
@ 05F 1 5 2 8 1’ =
i L i T X _ .
= 04 4= i 0010F 0 -
o~ 4-5 & = 4-5 &
L o03f g X &
prag | =4-10 = =4-10
g 02 {-15 & 0.005F 1{-15
0.1 41-20 4-20
0fF ™~ e b 95 0r 4-25
1 1 1 -30 1 1 1 -30
0 20 40 0 20 40
Il /s Hif ) /s
a) JrEOL R BRI Z R HURE b) SEVRIETEAL T TR
091
: . . 130 0.025 935
0sf - il —sge. 1. - - —— e
0.04 LA — e -
07l , I e ft ‘m”, i | 20 0020k 125
’a / 0.0 i —~ 4120
= o / 0.01 115 =)
S 0.6 / / = <15
\}; 05 F / / 0.01 110 <\f 5 0.015F -10 <\C
e / 0.0 45 122 \T;ﬁ Py
X 04 F / e . =15 el
;’i‘é‘ . / / 7 8 910 VIII/ 40 B iE?. 0.010 0 m
= ’ e & = 0. - 7] &
] 03] 4 / 1% = 15 &
= / = i ~
E o2f p / 1710 = 4-10
= / 115 = 0.005) T
0.1 / /
b ’ —4-20 4-20
o —— 4-25 ol 4-25
~0.1 1 1 1 -30 1 1 1 =30
0 20 40 60 0 20 40
Il /s Hif ) /s
e ) ANFERRRER IGO0 T BERHERHUE d) IESZRAE DGR LA URE

B 5 R R YA R AT R 6 R B 3 AR E BB R SR AL
Fig. 5 Instant AC losses on the cross-section of coil 3 for different transport currents
25 XU £ B3 A 5 108 A2 i v I, AR A P 5 ) WT AR B L A2 T B AR TE AL i L R RR N Sy 0 R O R BB AE
FL VAL W (AN A8 I5F 1 37 56 J3E R 5 1) DR A5 AN, O T8 3 A FE 00 24 1% i L 78 A I, 2 8l A Al O A
A2 AL, 51 R L f AR FE 2L



476 LI A S A NI S i 2024 4

XF R S5 b) 5185 o) 2 A% i v Il A 3 R 8 AL U i (A A I T A i v I R R R I 5 AR 2
H BRI (L, 3o SRy T i R AL AR () A /N, 2 5 | 2 P N B A A AL S B FEBR RIS . [ 5 o R IE
£ 0~10 s Gt # b, BT 2.5 A/s 428 5 o RERRE . 45 10 s BB S BAE(E A 0. 01 W/m;
5b)0~5 s Fh Gt R, BN 5 A/s 55 s BERT ST ARFE(E R 0. 02 W/ m, X L A A5 . 2 Bl 8 1 1Y
W Fk 5 IAE 451 A B FRL 3L D R R A BN BT XF LI 5 b) S5 ) AT A i R I R R B — S L IE
5% 1) 52 TRUAE G D (L B A7 I A /N — 28 (LR 22 0 DK 3k AT DA I 52 5 A2 i kL O 1) 72 A SRR R A 1A /N L AT Ik
1 B R 3 S AR AN o TSR ARG A R 2l LR A I LA LE 5 A i H R A2 I 5 R U R RN O EL
SERS R TR QTN T W = =R 1% 2/

XUk Vel 1) 77 e e i L I T 0 30 8 2 RS — A r Y 20 A BT 6 BT s o 2 A L DA A I £ L N
8 TR 3 AT L AN 2 R U IR ) A /0N 2 S 3 A R R0 o R A L 7 A R T R U TR € DX I
BN N 6 b) H Al LU H 5 i I 23 A 2 0 FR B9

=5 =10s =155 =20's 0.06 =5 =10s =155 =20's 1.0
0.05 08
0.04
0
0.03 | [ ] [
0.02 . | s ~05
0.01
-1.0
a) )y I I U R e i 2 BE/ T b)) P SRR FEIE —fk R 3 5 R

B 6 ARl R A oy e A B R e )3 — LR

Fig. 6 Distribution of flux density and normalized current density for double pancake coil carrying square current
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Fig. 7 Comparison of spiral current with different charge/discharge ramp rate
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