5550 % 55 12 W: 5301-5309 LN N Vol.50, No.12: 5301-5309
2024 %12 B 31 H High Voltage Engineering December 31, 2024

DOI: 10.13336/j.1003-6520.hve.20240686
MR EIRR S DB BT R E R TN A
KAE, TN K @& A B, F RO, KRAEm

(1. A REBIRFIFLENMMALNAXKFTHRELLET, ARIKE 150080; 2. B ZEIYEE HHAR
B W AR R IR, v RIE 150030; 3. BN A EE RIE ARG @ITHEE NG, @17 028000 )

B . DO E R R s PR JCIAMER E B R i, BB AT R AR K AR
SEIBATAE MR . TSR R BT ARG T2 2R, MM BT i T & Codt ]t DA TR 52
FAEINAN R T2 8, DT R pTER ML T AN S R, RN T e ORI 2 TAR I T e 482 BT
MRS e 9T MARAS Lt e B 3 (RIS A T RIX — BORAE R, NPT RS M AL B A BE R, /N
UGN HE ML AR B & SR SR, W T e e yias iRME TSR AR T R4, JF
KSR T A RS AT K2 e Sk 77 20, SEBL 1 22 (R G5 R R B TE AL L A7 s P A S R A B0 T o B2l S5 K SRk
SRAGI RV 2% L /N LB 26 25 )8 L 1) Ve it JB AR, SRBL T E B TCIA AL LA IO A R Uit . BTSN E E 10 kV
B D PTRIE I TR R IR, IR E R AL X A Z RN AT, M SR pids, Hioin
HLPLE AR T 40%. IR THEAR 1 32%, %308t AT R JE PR It At & (K0T 7 3Rg o T 2 0 LT 258 1 i )
R THRBOHE R, O T R R X O U K S AT T S R A B

R SOEfdE MRIER, BBt REH OERgITR

Design Method and Engineering Application of Electromagnetic Structure for Novel
Non-circulating Air-core Reactor

ZHANG Mingze!, WANG Bingjie!, ZHANG Jian?, LIU Ji', LI Shuang?, ZHU Dongbai'

(1. Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education, Harbin University of Science and Technol-
ogy, Harbin 150080, China; 2. Electric Power Research Institute, State Grid Heilongjiang Electric Power Company Limited, Harbin
150030, China; 3. Tongliao Power Supply Company, State Grid Inner Mongolia East Electric Power Company Limited, Tongliao
028000, China)

Abstract: As an important power device for suppressing overvoltage, filtering, and reactive power compensation in power
grids, the air-core reactor faces higher requirements for its long-term stable performance in stringent operational environ-
ments. Due to the differences in traditional reactor design methods and manufacturing processes, some designed reactors
may experience circulating currents between their encapsulation. It is necessary to add external regulating winding
coils,which will result in additional weak points in the reactor, and will increase the cracking risk of encapsulation insula-
tion in high-cold regions and large-temperature-difference operating environments. To fundamentally solve the technical
challenges of circulating currents in encapsulation and insulation cracking, this paper starts from optimizing the electro-
magnetic structure of reactors. The conventional perspective of winding small circular wires in parallel was transitioned to
the structural approach of single combination wire winding in series. The new nonlinear equation system for calculating
the inductance value of reactors was constructed. Under isothermal constraint conditions and by using a multi-terminal
lead configuration, the design of a spatially symmetric electromagnetic structure for a non-circulating current reactor was
achieved. Finally, the electromagnetic structure design of the first set of non-circulating current reactors was achieved
through an equally long winding line, strengthening inter-turn insulation, and weakening encapsulated insulation. The first
designed 10 kV series air-core reactor has passed type and special tests and successfully been put into operation on the
grid in winter in Northeast China. Compared with traditional reactors, the novel non-circulating current reactor has a 40%

smaller volume and a 32% lower temperature-rise. The design method of a novel non-circulating current reactor in this
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paper will provide a new design form for the high-end manufacturing of air-core reactors in China, which is of great sig-

nificance for ensuring the long-term reliability of air-core reactors in high-cold regions.

Key words: air-core reactor; circulating current phenomenon; electromagnetic structure design; local overheating; en-

capsulation insulation cracking
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Fig.1 Equivalent structure of traditional reactor circuit
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Table 1 Operating parameters of dry type air core reactor
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Table 2 Design parameters of a novel dry air core
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Fig.6 Coil winding process of a novel dry air core reactor
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Table 3 Reactor inductance measurement results of type test
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Table 4 Reactor loss measurement results of type test
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Fig.7 On-site installation of a novel reactor
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