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Potential distribution law of dry-type air-core smoothing reactor winding

under high-order harmonics
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Abstract: Under the action of high-order harmonics, the potential distribution of the multi-layer parallel winding of the
dry-type air-core smoothing reactor will form abnormal distortion, resulting in local field strength concentration and
accelerated electrical aging, which will affect the service life of the reactor. To solve this problem, firstly, based on
Fourier analysis, the high-order harmonic characteristics of a smoothing reactor under operating conditions are obtained.
Then, the physical model of the reactor with the line turn as the basic unit is established, and the potential distribution
law of the dry-type air-core smoothing reactor winding under high-order harmonics and direct current (DC)
superposition is studied by the finite element analysis method of field-circuit coupling. The results show that compared
with the DC case, the loading of high-order harmonics will make the electric field distribution of the reactor winding
uneven, and the field strength of the strongest point in the overall electric field of the reactor increases by 15%. Under
the influence of high-order harmonics, the inter-turn field strength difference between the upper and lower ends of the
single-layer winding of the reactor increases, and the inter-layer field strength of the windings on both sides of the

encapsulation increases. The maximum electric field of the outermost winding is about 20% higher than that of the
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innermost winding. As a result, the outermost encapsulation of the dry-type air-core smoothing reactor is the most prone

to electrical aging.

Key words: high-order harmonics; dry-type air-core smoothing reactor; field-circuit coupling; potential distribution
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Figure 1 Basic structure of reactor
(LRI it S I B G e F e D i R TS R
LR 2H v i [T ) 208 25 R P SR TR v R R, f B 32 S0



%3955 6 W

LIS Y S A N B eI o RS 1 2 KSR A e (TN 20 271

FE I A AR RN B B AT EVE N 4 kR B
E &l 2 iR .

B2 aeHxHhBE

Figure 2 Physical diagram of encapsulation
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Figure 3 12-pulse rectification simulation model
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Figure 4 Fourier analysis results
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Figure 5 Equivalent circuit model of reactor
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Figure 6 Field-circuit coupling relationship
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Figure 7 Analytic function form
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Table 1 Main parameters of reactor
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Table 2 Related material parameters
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Table 3 Structure size
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Figure 8 Dry-type air-core smoothing reactor model
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Figure 9 Electric field distribution under DC voltage
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Figure 10 Electric field distribution under high-order

harmonic voltage
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Figure 11 Distribution law of electric field between

winding layers
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Figure 12 Winding turns and electric field distribution law
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Figure 13 Electric field distribution under combined action
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