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Abstract: The superconductive fault current limiter (SFCL) is an innovative electric power equipment designed to rapidly
and effectively mitigate short circuits in high voltage transmission systems. With the rapid economic development of our coun-
try, there has been a growing demand for increased power load and reliability. Consequently, this has led to the generation
of larger short circuit currents within the electric grid, surpassing the capacity of existing switch equipment which poses a sig-
nificant constraint on safe and stable operation. As the most advanced electric power equipment available, the SFCL not only
detects and interrupts power flow during short circuits but also effectively mitigates the magnitude of the short circuit current.
In this study, we have designed, fabricated, and experimentally evaluated a superconducting magnet specifically tailored for
a high voltage SFCL. The magnet features a room-temperature bore with dimensions of 1660 mm in diameter and 1960 mm in

length, incorporating a liquid nitrogen vessel with a capacity of

2000 L. Notably, the central peak field within the room-

WA EE: 2023-04-27 fEE EH: 2023-08-02 temperature bore reaches an impressive value of 0.45 T. The
E£WHE: BEuyESH LT H(2017GY-50) magnet consists of 88 high temperature superconducting ( HTS)
E—(EE. A W, B, 1985 4EL, BT RN, double pancake coils, with 468,000 ampere turns. These coils

DOI.

are strategically divided into three segments operating at distinct
currents: namely, 220 A for YBCO coils followed by Bi2223
coils operating at 1000 A and concluding with another set of
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YBCO coils operating at 220 A. After undergoing multiple processes, including winding, terminal wire installation, weld-

ing, and assembly, the magnet is subjected to a rigorous test at 72 K. The results of the test align with the theoretical

design specifications and exhibit an insulation grade exceeding 10 kV. Additionally, meticulous investigation reveals that

the nitrogen evaporation rate remains below 70 L/d, Moreover, it has been determined that the cryostat leakage is less

than 107 (Pa -L)/s, thereby confirming the resounding success of this superconducting magnet.

Key words : superconducting magnets ; superconductive fault current limiter (SFCL) ; cryostat ; ramp up; quench; op-

tion current; high temperature superconducting( HTS)
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Fig. 1 Layout of the superconducting magnet cryostat



LERVE |

JE PR, 500 kV BRI S A SRR Y R Sk 913

FRIREE I A Ak B AN BE AR Ay o B a8 Tl A6 1 — 38 43
HLPLES B 2R AR AR O I SR AL
2.1 RiFHERESHELZBESEHEAR
ARBEHE Type HT-CA % Bi2223 il bt , ikt
BERRIE TR 4. 8 mmx0. 34 mm, 7EIRJE 77 K HAM% 0.5 T
ST G 220 A, RS PERE R 1,
*1 Bi2223 BEHEHEARSH
Table 1 Main parameters of the Bi2223 wire

Item Value Unit
Width 4.8+0. 1 mm
Thickness 0.34+0.02 mm
Ie(@1 wV/em, 77 K) 220 A
Critical tensile strain(77 K) 0.3%
Bending radius 60 mm
Critical tensile strength(77 K) 250 MPa
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Table 2 Main parameters of the YBCO wire

Ttem Value Unit
Width 4.8+0. 1 mm
Thickness 0.28+0. 02 mm
Ie(77 K) 160 A
Critical tensile strain(77 K) 0.4%
Bending radius 15 mm
Critical tensile strength(77 K) 400 MPa

x3 BELEBEIESYH

Table 3 Main parameters of the coil

Ttem Value Unit

Quantity of pancake coils 88 piece
Internal diameter 1940 mm
Outside diameter 2040 mm
Coil turns 52 turn

Total number of turns 4572 turn
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Fig. 2 Schematic of winding process of double pancake coils
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Fig. 3 Photo of the bobbin manufacture
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Fig. 5 Photo of joint connection of the coil
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Table 4 Specification of cryostat cavity

Item Value Unit

Working pressure of LN vessel <0.1 MPa

Discharge pressure of LN vessel 0.15 MPa

Pressure of outside vacuum vessel 98 kPa

Pressure of inner vacuum vessel 0.1 MPa
Temperature of outside 400 K
Operating temperature 72 K
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Table 5 Testing parameter of YBCO superconducting magnet

Ttem Value Unit
Insulation 10 kv
Joint resistance <107’ QO
Criterion of short sample 1 wV/em
Criterion of double pancakes 0.1 wV/cm
Criterion of coils 0.1 rV/em
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