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Fig. 1. (a) Schematic diagram of the section cross of single NbzSn superconducting wire (unit: mm). We select a line A — A in the

middle of the cross section to show the current density and flux density distribution of the superconducting wire. The superconduct-

ing wire is exposed to a perpendicular magnetic field along y axis. The form of the alternating magnetic field is shown in panel (b).
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Fig. 2. Developments of thermal power versus time between fully coupled and uncoupled cases, the insets show the contour of cur-

rent density at time indicated in the P-t curves.
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Fig. 3. In order to verify the H formula adopted by this paper, (a) the current density J, (b) flux density By at 2.5 and 5s, and

(c) the variations of total thermal power of the three filaments versus time were conducted both by H and H-¢ formulas.
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Fig. 4. The normalized magnetization curve calculated by

the H method used in this paper is matched with the exper-
imental results in Ref. [33].
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Fig. 5. The variations of (a) average electric field E, and (b) average temperature T as a function of time when flux jump occurs in

the superconducting wire. (¢) and (d) show the distributions of current density J, and flux density B, at the center of supercon-

ducting wire in ascending branch at oscillating times indicated in E,-t or T-t curve. (e) and (d) show the current density J, and

flux density B, distributions in the descending branch. The insets D-@ show the contours of current density and flux density of a

single filament at times indicated in the T-¢ curve.
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Fig. 6. The variations of (a) average electric field E, and (b) average temperature T as a function of time when flux jump occurs in

the superconducting wire. (c) and (d) show the distributions of current density J. and flux density B, at the center of supercon-

ducting wire in ascending branch at no oscillating and oscillating times in E,-t or T-t curve. (e) and (d) show the current density

J> and flux density By distributions in the descending branch. The insets (D@ show the contours of current density and flux

density of the whole superconducting wire at times indicated in the 7'-¢t curve.

017401-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 72, No. 1 (2023) 017401

Tl 3 SR 7 S P R 35 0 S0 22 D S 1 S i) LS (B e
@). MIE 6(d) AT LA 378 o K A 3 Bk BR A A
SN S IR LR S 22 O X SR A N,
TE 52 1 W BRI A S 22 3 h G R R T8 Sl 2
Hul KRR, PR E E L, B4
L H 0 E 3L 23 7 A — A BRI S 0K LR AN G
MU S 22 P R, RS 2 R R TE
T BRER AT 2 i RS 2 R R AN AL

FERES FREBYBE, M 6(e) BB i 2 3 ] LU
7 FUHR G 22 v DX SR A7 7 S 18] B FLIAE , 1260 4%
HL I 2 FR AT — A SR )L T B A3 SR S (A R 7
PP R R AR 6(f) AT LILZE R S
24 G RESHAE A 5 A BB B BR T HUE S22l
XSk, ek A BRERE St 22 5 2 R/ )N
TG 22 O KIS, BT 22 D G
N A B R 3) J A BRR IS AR AR . 3 T
A g am BRER AR S 2 T A B RA R B E .

125 W 9 38 728 W 3 ) MR (L R 2R X 2 068
LR RGAE B ER AR, 18] 7 4 T ERE AR Ba =
0.7 TAZEAYIE OL T 8 T 2R AL AN [7) B3 2 14 38 A0 il
Yy S RERS R AR . AT AT AR 5 7
PARFIEE AR RSO, BB SURABEIN, & A
R EERC 114 A3 25 AR SRS ) i B R AT, 4513
iKE 0.7 Hz i}, AR & AR g m kK. X2 T
A — MR EE LT, AR, SMUEA SR R,
R TR IR T R AP, 7 A JETHA P g ] — ) 1)
S AR LR A, T Bl R /)N X A B
PP RBOR A 2%, AN 2R 5y A wil i R BEK.

T KA B AREIE Bay = 0.5, 0.6 F10.7 T,
TR P LRAE BTN R R P TR A B BR 1) i 3 1 1
B BESFR B2 (W& Q). AT DL & ITE Rl — IR {8 T,
Wi 1 FH Y BORT T BB Bea vk & A BRER 1) 1 377 10 {1
B AHZ, T2 X T B = 1 TXHR, X ULIATERE
L TFFBERT B B A ) U R BR T 45 7 g st [ A [
(EAS 1 B R SRR 2 A Bk R 4 B 37 0 (L B AT R A B
JAAEAk, B 7F 0.07 Hz fHEBUAE. LAREY: T M B
R, AR f/INTF0.07 Hz i By, Bif 453 (14 38 i 1 3
K, KT 0.07 Hz [ By, BEST R 34 IR/ N, #6471
THOYBL 5 T BB BRI S, 285 3R 0 R ks /)
I EAAS e A W T B BR. 2 POATFEST £k /N, i
YA AL R KNS R R TR T RN, 1
i 32 Bl 77 A R R AN B e A i Bk R I

JI AAS R ARG B RR, AESIR f i R, WA
Psge R bR, T AR TR B bR, A 5 B AR
JIN, T 308 L s 8 o o o R SR, P
VAR R ARG EERER (P 7(d)). PRt BE G AR A 1
BRI RERRIE KA T IR RS AR RS
RV 08 R BRAR S A, B IR B i — 2P0
PR R E RS

6.5 (a) —— f=01Hz
6.0}
éa&
5.0} b
4.5
4.0 L L L .
6.5 (b) — f=03Hz
6.0 |
é 5.5
5.0
4.5
4.0 . . . L
6.5F (c) —— f=0.5 Hz
6.0
é 5.5
5.0
4.5 F
4.0 L L L L
6.5 (d) —— f=0.7 Hz
6.0
é 5.5
5.0
4.5 F
4.0 L L L .
0 0.2 0.4 0.6 0.8 1.0

t/to

K7 FETo =42 K FIRE 0.7 T A R T # 2 4
V149 P 347 il I e T] 1% 22 1k

Fig. 7. the variations of average temperature of a supercon-
ducting wire with time for different frequencies at the amp-
litude of 0.7 T and Tp = 4.2K .
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Fig. 8. The variations of magnetic field threshold of the ini-
tial flux jump By, versus frequency f at different amp-
litudes at Tp = 4.2K (The double slash lines in the figure
indicate critical points where flux jump does not occur).
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Fig. 9. The developments of average temperature of a superconducting wire as a function of time for different amplitudes at the fre-

quency of 0.3 Hz and Ty = 4.2 K .The insets (D-@ show the contours of current density of the whole superconducting wire at times

indicated in the T-t/to curve.
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Fig. 10. At Ty =4.2K, the variations of magnetic field
threshold of the initial flux jump By, with the amplitude
B, at different frequencies (The double slash lines in the
figure indicate critical points where flux jumping does not

occur).
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Fig. 11. At Ty = 4.2K, (a)the critical threshold of frequency and amplitude(black curve)when flux jump will happen in a super-

conducting wire. The blue region is the region where flux jump occurs, and the rest gray region is the region where smooth penetra-

tion occurs; (b)—(g) show the variations of the average electric field and temperature of the superconducting wire with time under

the corresponding conditions of the 6 points in (a); Panels aj—c2 show the current density of the superconducting wire at times

(black solid dots) corresponding to the highest points of the E, — ¢ curves.
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Fig. 13. The variations of magnetic field threshold of the
initial flux jump By, with the background temperature Tp
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lines in the figure indicate critical points where flux jump
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Abstract

The superconducting solenoid with constant large current is exposed to an alternating magnetic field during
the acceleration of the superconducting maglev train, which will cause flux jump of the superconducting
solenoid. It can reduce the current-carrying capacity of the solenoid, and generate a lot of heat and make the
temperature of the superconducting solenoid rise sharply, which will make the whole superconducting coils
quenched. Thus the research of flux jump has very important scientific significance. NbsSn superconducting wire
is a composite structure composed of multiple superconducting filaments. copper and epoxy resin. In this
paper, the magneto-thermal instability behavior of a three-dimensional superconducting wires under alternating
magnetic fields and constant current is studied by using a two-dimensional model in which the net current of
each filament is constrained to zero. By analyzing the effect of amplitude and frequency of alternating magnetic
field on flux jump of a NbsSn superconducting wire, we find that when the magnetic field amplitude keeps
unchanged, the magnetic field threshold of the initial flux jump changes non-monotonically with the frequency.
While the frequency keeps unchanged, the threshold of the initial flux jump changes monotonously with the
amplitude of the alternating magnetic field. In addition, with the decreasing applied field, the frequency range
for flux jump first increases then decreases to certain critical frequency when the superconducting wire does not
have flux jumps. The results of this paper can provide a theoretical basis for regulating the magneto-thermal

instability of superconducting wires.

Keywords: Nb;Sn multifilamentary composite superconducting wire, flux jump, alternating magnetic field,

maglev system
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