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Study on electrical features of inter-turn insulation fault of 10 kV dry-type air-core

series reactor by field-circuit coupling method

ZHANG Lizhi', CAO Chengjun*, ZHANG Wei', CHEN Kaida', LLEI Shijie'
(1.Hunan Extra High Voltage Substation Company, State Grid Hunan Electric Power Co., Ltd., Changsha 410004, China;
2.Chenzhou Power Supply Company, State Grid Hunan Electric Power Co., Ltd., Chenzhou 423000, China)

Abstract: The frequent occurrence of inter-turn short circuit faults of dry-type air-core series reactors in shunt
capacitor sets gravely imperils the secure and steady operation of the power system. It is extremely crucial to
research the variations of characteristic quantities prior to and subsequent to inter-turn short circuits in dry-type
air-core series reactors. In this paper, Maxwell is used to establish the field-circuit coupling model, and the
model accuracy is verified by comparing the calculated value of the analytical method with the test value of the
manufacturer. On this basis, the inter-turn short-circuit model is constructed, and the electrical quantities when
inter-turn insulation faults occur at different locations in different phases (inter-turn insulation aging phase and
inter-turn short-circuit phase) are investigated. The results show that the absolute value of each electrical
characteristic quantity increases with the change of fault location from the end to the middle in the inter-turn
insulation aging phase and the inter-turn short-circuit phase. In particular, the loss factor and power factor have
the largest rates of change, which can be used as electrical parameters for on-line monitoring of inter-turn short-
circuit faults.
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Figure 1 Structure of dry-type air-core reactor
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Figure 2 Equivalent circuit model for normal conditions
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Figure 3 Equivalent circuit model for inter-turn
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Figure 4 Coaxial solenoid and its coordinate modeling
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Figure 5 Schematic diagram of reactor design (unit:mm)
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Table 1 Detailed parameters of each package seal
wBE PS5 ER/mm ®E/mm R BEKER/mm

1 377.90 796.20 304.5 2.2
1

2 380.90 784.20 300.0 2.2

3 411.75 782.50 268.0 2.5
2

4 414.75 772.50 265.5 2.5

5 445.65 822.70 259.0 2.7
3

6 448.65 823.70 259.0 2.7
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Figure 8 Comparison of coil inductance values for each layer
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Figure 10 Comparison of layer currents at normal time

4 MEEERMERESHESN

4.1 FHi=EM0EERNELE

66 kV A DL Jf- 356 H 25 i 2H i 2 2 O i R
SRR . BRI, AR SO T IR I AR
WU PRIEAT TS B4k O E T MRS
R () iy - A F — 25 ik

BT R BGH 5 B R AR . ZER 11, A
AR AL B SR, B C MM IE W A . IEW AT
50 BT AR A BB AR S RO O IE R 2
A7 18 0 1% 45 (8 P BHL 55 45 i Fl g, 34 3 ot i ST AR
53], HHA A M 9.268 pF , FELHLE 10 kV

C
LWingding lilnLWingding 12
50 00 50
LWingding 1_x
TN

LWingding 2

4@ 10 kV N |

LWingding 3 9.268 pF

Ugin ¥

LWingding 4
BN

LWingding 5

LWingd 6

10 kv ingdin

—© LG by
0.670Q  0.039 H 9.268 uF

—

10kv 3 Y [—
0.670 Q 0.039 H 9.268 pF

11 At )G o) 9 56 AS S H R
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Figure 13 Rate of change of each characteristic quantity at different fault locations
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