Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

I R R R E N EHRESE N F R
LN
Effects of critical current density on mechanical properties of cylindrical superconductors

Cheng Peng  Yang Yu-Mei

5|5 K. Citation: Acta Physica Sinica, 68, 187402 (2019)  DOI: 10.7498/aps.68.20190759
TEZE 2 View online: https://doi.org/10.7498/aps.68.20190759
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

Bal-xKxFe2As2 B mh(Te=38.5K)iGmET$L. 71 SETHLLIENR

Investigation on the flux pinning force and flux pinning mechanism in Bal-xKxFe2As2 single crystal with Te =38.5 K
PB4, 2015, 64(11): 117401 hitps://doi.org/10.7498/aps.64.117401

23 U [RIAE IR 7K W AR R A X BB G ABC O S HRUbA W27 7 1) 2
Effect of inner diameter of hollow cylindrical permanent magnet on levitation force of single domain GdBCO bulk superconductor

WIFR4AR. 2018, 67(7): 077401 hitps://doi.org/10.7498/aps.67.20172418

B TR IR AT

Quantum criticalities in carrier—doped iron—based superconductors

YA 2015, 64(21): 217404 https://doi.org/10.7498/aps.64.217404

WA AR LaNIC2 I SR 37 1 FRIS B

Theoretical analysis of the upper critical field of two—band superconductor LaNiC2

YA 2016, 65(3): 037401 https:/doi.org/10.7498/aps.65.037401

HTRIAA/S AFEFB A R 25 F4) )

Crystal structures and physical properties of novel 4d/5d based superconductors
PrPeEd. 2018, 67(12): 127101 hitps://doi.org/10.7498/aps.67.20180767

FeSe & TR IHRR SYITERTFE

Exploration and physical investigation of FeSe—hased superconductors

YIFI44. 2018, 67(20): 207408  https://doi.org/10.7498/aps.67.20181496


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190759
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.64.117401
https://doi.org/10.7498/aps.67.20172418
https://doi.org/10.7498/aps.64.217404
https://doi.org/10.7498/aps.65.037401
https://doi.org/10.7498/aps.67.20180767
https://doi.org/10.7498/aps.67.20181496

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 18 (2019) 187402

N

Il 57 R 22 S 3t B AR IR B S 1 = Ry 2 i

B HEAE

(EMBTRFHERE, 20 730050)

(2019 4£ 5 A 18 HUH; 2019 4E 7 A 2 By EIENH)

e A A EL AT Y i SRR | e O RE ) AR REFE AR, T H T TR B Tz B, AR AT
AR OU T B9 2 R PR B T2 A5G WESE T R BRI R T R IR 5 45 H N A R BT 4L )
e 17 . 2% B S o L BE I AR 1) AR 2 ) 40 A1, KR T S Bean BERL, SRAG T IR HAR 5 45 14 PN 1 SOV 137 K
FLA B 0 Al ML 4 5T WS T i, 2 T T AS R N RETE BT LT L T B B A i i 2k XL A5 R AR
e S P L %5 B8 A 2 ) A I S 45 KA PN 4 g A A B 24 5 23 A N — 0, SR T I S R AL 2 B A AR 2 50 0%
AR S HOR T Z5 AL PAL 194 RO 7 R 5 A R ELHE , 5AEL 45 R P SR A 1) IO 7 /N SR A A A L B B (i i
T3 o3 ATAN . AT 5 2 W i S vl O 8 B2 AR 19 20 M Xl S 45 0 ) A M RE 0 R R R 3 1Y, i) O S AR BT

NS B iz 4 (3 225 k4

KB FIARRE 4, B0, MOEETHLT, RN

PACS: 74.81.-g, 74.25.-q, 74.25.Sv, 81.40.Jj

1 5 =

e i R T RN SR A IR Y 2 L R | B
R DS SIE R A LN R E S (AR Y A v p SR =
LA e S 7L TR R A A, RIT
R RVE, BT N H T REETE AR LR B
ML At RE S5 5 b 001 SR, 8 S AR E A B i
PIMEPEREE, ZESMINBE AN T, G5H8 7 A g
ETHLT, R ETHL ARSI B s b= A= i i 1A%
Sy 5 | S R S5 R I W SRR IR 681 (R, TR S b
BRI, X A5 R PR ) SRR i S AR
IR . Tkuta 25 O 38 14 )38 Bi,SryCaCu,O #
FIRTESNEBREAVE R T B S 247200, 35 WG
ETHL 5| %) 10 35040 40 53X — AR B RS 32 54 T 101,
ZJ& Johansen!"'12 3 Bl R4S R FE T 04
WL 13T T35, THE T R 5% fig Wi
PRSI oA, FF25 T 1T L WS R i FB 1Y

*ER AREIES AT RIESA (S 11402106) %8 B9 548

t fEVEE . E-mail: ymyang@lut.cn
©2019 HEHEFS Chinese Physical Society

63

DOI: 10.7498/aps.68.20190759

AT IR S R, Bl MAVFST 1 i 3 5 4 P iz
T15r A GO, 2t T 2R WU 52 R R 1, 5 R/
a3 A 2 18] Xue &5 MBI T M 32l 76 18 ELRG
G gt A1, 43 R A Bean AAUAT Kim 5
AT TSRS | NAZ R RS, Huang 45 1)
iz A BRIC 9 1A BRIEEE 1Y) 11 B8 5 R A
TRFIE SRR ZE R N I REE P 4617 8. LR S 45
Fa 12 R RIS, B0 Tl SR L Y &) o A
B E T

SR, AR AR PN )1 S 3 % EL A B e Al
o)k 16, Grasso 58 MR 58 & #H, 8-S KN
e T ) N RN | T TR LT | IS N =
Lehtonen 45 ') fF 55 1 S0 RL s S5 F 4%
] (VB AR A0 il ) A2 Ak ) R[] (V6B S AR 10 A
] 22 Ak ) PRA AR 3450 43 A5 T XX A8 T 40 AR 1 52
Inada 55 U9 BF5E T I 55t H 9 28 B IR 350 &) 43 A ) 3.
BT ST ARAEREE, T T I S A

http://wulixb.iphy.ac.cn

187402-1


http://doi.org/10.7498/aps.68.20190759
mailto:ymyang@lut.cn
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 18 (2019) 187402

T D B T 1] AN B S 0 L 45 S A PP S IR AR FE 1Y
SN AEARE RS, A AT B IR 517
A (4 11 5 P U B X 45 ) A MR RE R RE IR
T HAE M DR AR R TR v B 5
JEEFIPNJEE ) 5L, A o ZEATF S I 5 P 3t 2 BE AR 2070
A Xoh i 25 AR

AR SCHE SR fige S T R 7 R) A 4 5 3 (R
Bean Iffi A6 B, 2% FE i 5t P U 5 B2 T [ A
PREARDT I AR S AR, eSS TREGR IR I
THRIT e ik e r S 5 KA 1A 0 ) 308 D P 3
oM, I T AR AR R T | B 1] N R 2
G R AT 2R, TRAITNE 1 ik A R B R
EJo3 AN S B AR AT PR RE R R

2 HARIKELESR

FE— PR R TR T R, K3
Ur 2 7 M HLIR I, QL 1(a) Fras. BT im A e R
A ) AR X S AR AR REAG e SE 2 1,
1l R TR A i S FL 3 5 BE TR 2 60 T 1) Y R/
ARSI, W5 AR 2 oAt 40l 1(b)
FizR, B 5T 2 Sl AT RO S A AR e 2 A 7
[ T P 7R 43 i - N [ A e e
P TE N HNR Ty, Jo, S, -y Ty ooy Ty Ty
BIPIN a), ay, az, ay, -+, a, 4, a,

YT A P B R AR T AR R
BN, TSR A2 A AR Z B0 Sy T BG4
RADUER PR DAY i B R D RE AR 21 A 1 O, (BUE
BE MBI aR? /0. Mo = 1NFRE ST

@ 1 (b)

1 (a) KBARIRE S 254 75 B IR (b) i 57 FL i 25 4%
i 7R A

Fig. 1. (a) Schematic diagram of a long cylindrical super-
conducting structure; (b) schematic diagram of critical cur-

rent density distribution.
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Fig. 2. Distribution of radial stress in the structure under the ascending field: (a) n = 3, i takes different values; (b) i = 0.9, n takes
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Abstract

High-temperature superconductor has high critical temperature, high transport current capacity and low
energy consumption, which correspondingly offer the wide applications in the field of electric power. As an
important concern, the mechanical properties of superconductor carried with transport current have received
extensive attention. Still, its mechanical properties in various electromagnetic environments are under study.
Most of previous studies are based on the assumption of uniform distribution of critical current density, and
only few researches based on the non-uniform distribution of critical current density are carried out. In this
work, the mechanical flux pinning response of cylindrical superconducting structures is studied. Considering the
non-uniform features of critical current density along the radial direction, the distribution law of induced
magnetic field and current for the cylindrical superconducting structure is obtained based on the Bean model.
Combined with the plane strain method, the analytical expression of magnetic flux pinning force, stress and
magnetostriction in the superconducting structure are obtained. The results show that the uneven distribution
of critical current density causes the flux pinning force to change, which further leads the superconductor's
local radial stress to vary with the critical current density. When the transport current flowing through the
superconductor is increased in the ascending field, the radial stress and the hoop stress both appear
compressive. The non-uniform distribution of critical current density has no significant effect on the overall
trend of the internal stress, but displays an obvious influence on the stress distribution, and the
superconducting structure is compressed and deformed. The results are consistent with those in the uniform
case. When the transport current decreases during field descending, the critical current starts to reverse from
the outermost part, then the compressive stress and tensile stress exist simultaneously. The hoop stress has a
discontinuous point at the discontinuous portion of the critical current density, thus the damage probability is
higher than that of the uniform distribution. In other words, the shear strength of superconductor is required to
be higher for application. Also, the degree of magnetostriction is higher when the distribution of critical current
density is set to be uniform, that is, the non-uniform distribution of the critical current density causes the
superconducting structure to undergo greater deformation. Therefore, in engineering applications, the structural
strength of the superconducting material must be enhanced to cope with the challenge from the uneven

distribution of critical current density.
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