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Abstract

During the fabrication process of high-temperature superconductors, the formation of numerous
defects (e.g., cracks, inclusions, and voids) is inevitable. These defects degrade the performance of su-
perconducting materials, thereby limiting the operational range of high-temperature superconducting
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devices. This study investigates the interaction between collinear cracks and analyzes the influence
of inclusions on crack behavior in superconducting bulk under thermal stress. The material prop-
erties of the superconductor are assumed to vary with both width and temperature, enabling the
determination of temperature and stress distributions within the bulk. Through controlled para-
metric studies, the effects of crack length ratio, inter-crack spacing, inclusion properties, and gradi-
ent parameters on the stress intensity factor are systematically examined.
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Figure 1. Superconducting bulk with collinear cracks and inclusions
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Figure 2. The variation of temperature with time
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Figure 3. Temperature variation from center to edge
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Figure 4. The temporal evolution of temperature within the superconductor
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Figure 5. The distribution of thermal stress along the width
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Figure 7. Variation of K, /K, with the distance between collinear cracks: (a) Effect of gradient parameter 23 ; (b) Compar-
ison between left/right tips and single crack
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parameter /3 ; (c) Comparison with single crack case
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Figure 9. Effect of inclusion’s Young’s modulus E,/E, on K, /K, : (a) Comparison of three gradient parameters; (b) Con-
trast between cases with and without inclusions

9. REHMRRE E,/E, 3 K, /K, BIFND: (2) ZMEESEIILL; (b) SRRETERJILERYMIIILL

0.21

0.18

0.15

0.12 4

K/Ky

0094
0.06

0.03

T T T T T
200 300 400 500 600 700 800

A (s)
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B 10. HYURiRMN 158 E FRERfE L

(e di Nt e, [ 11 MRS, WAL etk FELR BRI e 2 1S E R L S L 3
BT K, /K, BTG M 11 T LU, SR e 0 B R0 K, /K, SR TS er. T b 33 i
e J 0 ZLH R R 22 9 T S B R TLAR R 1T EL 28— ROR L 00 BB T
245 T S S 2 S AT BRI B, S M9 T e 4 M R B S0 LA P M B R . e e
R AT T30k, (EARE R T 5 R TS, SRR B B . BRI #iEde
S TN T AR ARSIy, R TTHS O 45 0 25 S0k, VRIS Sy R . I o
Jhe T R TS, Aok o8 BT (0T 43 B ORI A7 P 4 T S 5 e 4 R T A
FORIAS I, W T B0 B R o I 032 W B2 33 B T (0 B S U B 25 F T e 2 R
Mho (BRI AT, BT SR SEA R B A, R B TR DU b T, R
SO R B () 10). 52 AR, RIHEJedsiict 5 5 (kb A A ] 1 S 800 1 B R R,
GG T AL, RO R A A TR e - Bk RS B TRk R, K

DOI: 10.12677/ijm.2025.142010 107 VAEZT b


https://doi.org/10.12677/ijm.2025.142010

RENR %

HI T ST R BN ) 5 B o R A

0.20

0.19 4 T Tl
0.18 4 P el "~
;}2 - IRRESTE LA Sl
X 0174 AN
0.16
— RY
0.15 4 |- - - FRIUEER KA
Lo gtdbar d/W=0.04, r/d=0.25, a,=a,
- Rt
0.14 : : T T
300 320 340 360 380 400

I 1E (s)
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