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Abstract. Inter-turn short circuit is a common fault in reactor. In view of the current 

situation of insufficient condition based maintenance of reactor, an on-line 

monitoring method suitable for Inter-turn short circuit fault of distribution reactor 
was proposed in this paper. Firstly, the equivalent circuit model of reactor was built, 

and the calculation method of electrical parameters of reactor was obtained; Then, 

a set of on-line monitoring system for reactor short-circuit fault was built. Finally, 
the short-circuit test of reactor under different fault location and fault degree was 

carried out. The results show that the equivalent reactance and resistance change 

rate of inter-turn short circuit of reactor have the symmetry of short circuit position, 
the absolute value of change rate in the middle is the largest, and the absolute value 

of change rate at both ends is the smallest. With the deepening of short-circuit fault, 

the equivalent reactance decreases and the decreasing range increases. The 
equivalent resistance shows an increasing trend, and the increasing range increases. 

This research technology can realize the effective monitoring of inter-turn short 

circuit fault of distribution reactor. 
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1. Introduction 

With the development of smart grid, the scale of distribution network is becoming larger, 

the power load is becoming higher, and the harmonic content in distribution network is 

becoming higher due to large-scale applications such as nonlinear load charging pile. In 

order to solve this problem, reactors, as inductive equipment, cooperate with capacitors 

to form passive power filters, which can improve the power quality of power grid [1-2]. 

Dry-type reactor is widely used in distribution network. Air is the heat sink mode. The 

short-circuit fault of turn insulation can easily cause the burning of windings [3-5], which 

may cause serious power accidents. 

Electric workers all over the world have carried out a lot of research on the inter-

turn short-circuit monitoring of reactor, which is generally divided into electrical and 

non-electrical monitoring methods [6-8]. Relevant scholars in colleges and universities 

[9-11] determine the location of temperature sensor based on the simulation results of 

temperature field, and monitor the operating status of reactor by measuring the winding 

temperature. The advantage of this method is simple installation and wide coverage. 

However, it is not possible to directly measure and calculate the temperature inside the  
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reactor. The magnetic induction detection coil method [12-13] uses the principle of 

electromagnetic induction to detect serious inter-turn short-circuit faults quickly with 

high sensitivity, but it cannot detect inter-turn short-circuit faults at different positions of 

the reactor. The zero-sequence amplitude comparison monitoring method [14-15] 

compares the bus voltage fault component with the compensating voltage fault 

component after inter-turn faults. Based on the above analysis, this paper presents an on-

line monitoring method for inter-turn short circuit faults of distribution reactors in view 

of the status of insufficient maintenance of reactor. 

2. Short Circuit Calculation Model 

The original reactor winding is composed of n windings in parallel. Among them, some 

of the windings of the i-th layer have inter-turn short circuits. The closed loop formed by 

the short-circuit loop is recorded as the n+1 winding. The corresponding equivalent 

short-circuit model is shown in Figure 1. 

 

Figure 1. Equivalent short circuit model of reactor. 

Second paragraph. Carrying out circuit analysis, each normal parallel winding can 

be equivalent to the inductance  and the resistance in series, the voltage is equal, 

denoted as U, and the current is . Due to the effect of inductance, there is mutual 

inductance between the windings. The short-circuit loop voltage is 0. According to 

electromagnetic induction, there is still induced current in the short-circuit loop, which 

is recorded as .After a short-circuit fault occurs, the voltage equations of 

branches are 
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3. Design of Online Monitoring System 

The on-line monitoring system for short-circuit faults of distribution reactor mainly 

consists of analog and digital circuits. First, the bus-side windings of reactor are collected 

by high-precision voltage transformer and current transformer. After the signal 

conditioning module filters, amplifies, removes noise, then outputs the digital signal to 
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the control unit ARM through the AD module, completes a series of data processing and 

data storage work, and finally transmits the reactor voltage and current signals to the data 

center through wireless communication to achieve real-time monitoring of the reactor 

failure status, see Figure 2. Among them, the digital circuit can store the data information 

of the mutual inductor, can analyze in real time, and improves the timeliness of fault 

identification. At the same time, the data analysis uses a quasi-synchronous algorithm to 

ensure the accuracy of measurement results. 

 
Figure 2. On-line monitoring system. 

3.1. Calculation of equivalent reactance and resistance 

The calculation of the total voltage and current signals of the reactor is shown in the 

following formulas (2) and (3), respectively. 

    (2) 

    (3) 

In the formula:  is the base frequency; , aid are the direct component of , 

; ,  are the imaginary part of the k-th harmonic component of , ; , 

 are the imaginary part of the -th harmonic component of , . 

The real and imaginary parts of the voltage and current fundamental signals are 

calculated as (4): 

       (4) 

The amplitude of the base wave signal is calculated as (5) 

 

        (5) 

The phase of the fundamental signal is calculated as 
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Further, the equivalent resistance and reactance values of the reactor at the base 

wave can be obtained by the following formulas: 
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        (7) 

        (8) 

3.2. Quasi-synchronization algorithm 

In actual measurement, due to the influence of power quality, the frequency of power 

network may fluctuate, so the sampling period is not necessarily an integer multiple of 

the period, which may lead to measurement error, so the same standard is introduced. 

The core of the quasi-synchronization algorithm is to improve the accuracy of the mean 

value of periodically sampled signals based on adequate sampling data and appropriate 

data processing methods. 

According to the Fourier expansion, it can be seen that the periodic signal f(t) of 

voltage or current is decomposed into 

      (9) 

The effective value is calculated as (10) 

       (10) 

Where:  is the voltage or current signal period;  is the starting point of integration. 

Make ,Then there 

       (11) 

Let the number of sampling periods be N and the period deviation be Δ, The number of 

sampling points in each cycle is n, in the integral interval  

Upper equal interval sampling  data, make 

 

The recurrence formula is (12) 

      (12) 

Among them  is the weight coefficient, which can be further obtained 

        (13) 

The sum of the product of the sampling value and the corresponding weight coefficient 

is the average value. 

4. Data analysis 

In the test, the reactor is dry-type air core type, the voltage level is 35 kV, and the 

equivalent resistance and reactance are 0.182 Ω and 1.24 Ω respectively. 
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4.1. Influence of frequency fluctuation 

Due to the phenomenon of frequency fluctuation in power grid voltage, the whole cycle 

sampling can not be guaranteed. Considering that under abnormal conditions of power 

system, the allowable deviation of power supply frequency shall not exceed ± 1 Hz and 

the frequency fluctuation range is [49 Hz ~ 51 HZ], the equivalent resistance and 

equivalent reactance of reactors with different frequencies under normal conditions are 

measured. The calculation formulas of equivalent resistance change rate  and 

equivalent reactance change rate  are shown in equation (14). The values of quasi 

synchronous algorithm and untreated case are compared and analyzed, as shown in 

Figure 3 and Figure 4 respectively. 
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        (14) 

Where:  and  are the equivalent resistance value and reactance value of 

frequency  respectively;  and   are the equivalent resistance value and reactance 

value of frequency  respectively;  is the change of equivalent resistance, 

equivalent reactance and frequency respectively. 

 
Figure 3. Rate of change for resistance at different frequencies. 

 
Figure 4. Rate of change for reactor at different frequencies. 
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4.2. Effect of temperature rise 
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Figure 5. Change rate of equivalent resistance and reactance. 

 
Figure 6. Relationship between the change rate of equivalent reactance and 

temperature rise. 
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Figure 7. Relationship between the change rate of equivalent resistance and 

temperature rise. 

4.3. influence of different short circuit degree 
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Figure 8. Relation between degree of short circuit and change rate of reactance. 

 
Figure 9. Relation between degree of short circuit and change rate of resistance. 

5. Conclusion 
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