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Abstract: In the conventional fault location method of the wind turbine line, when
multiple points are positioned in parallel, a location fault or a location error often occurs.
Therefore, a fault location method for power system wind turbine is proposed. Identify
the fault range of the power system wind turbine line, match the fault data within the
controllable range, and correct the matching data to deviate from the execution range.
The fault location of the wind turbine line of the power system is realized through the
transformation. The simulation experiment is designed. The results show that the design
method can achieve accurate positioning under multi-point fault location, and solve the
problems in traditional methods.
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1 Introduction

Wind turbines are important components in the power system. The composition of the
wind turbines is complex, and often in complex and changeable operating conditions. As a
result, the wind turbine's line is one of the components with the highest failure rate, and its
failure causes the longest downtime. Therefore, it is of great research interest to realize
accurate and timely fault location of this component.[1-2]

When the extreme points of the signal from the wind turbine are not evenly
distributed, the line resolver will cause "overshoot" and "undershoot" phenomena,
resulting in aliasing in the power system. Starting from solving the problem of
distribution of line fault points, by adding Gaussian white noise to the wind turbine to
make the distribution of line fault points uniform, in order to reduce the impact of modal
aliasing[3]. Human experience intervention, greatly reducing the adaptability of line fault
location methods. Based on this, many researchers have proposed a variety of different
methods for parameter tuning. To a certain extent, the blindness of artificial selection of
parameters is avoided, but the selection of noise intervals in the fault location method still
needs to be set manually, and there is a long time for pre-processing to select parameters.

The magnitude of line fault location deviation has a significant impact on the effect of
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wind turbines. When the noise is too small, the line fault location cannot solve the
problem of power system aliasing. For this reason, a fault location method for power
system wind turbine lines is proposed.

2 Fault location method for power system wind turbine

Identify the fault range of the power system wind turbine line
According to the characteristics of the power system, the search procedure of the wind
turbine is set using CS technology to determine the effective range of the line fault location.
Specify the line fault judgment step factor. This factor is the parameter for judging the search
area. When the judging step factor is too small, the search program is controlled to start a
regional search. When the step factor is too large, the line parameter can control the search
program. Expand local search in local area [4]. In order to ensure the searching balance of the
search program in the whole area and the local area, a balance adaptive adjustment parameter
is added to make the search program perform distributed synchronous search.
The calculation formula for this step size factor is:
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In equation (1): 4 represents the Oth search step size, where Q represents the current

number of times; <= represents the maximum upper limit of the step size factor; =i
represents the minimum lower limit of the step size factor [5]; £ represents the

introduced adjustment parameter; Z represents the maximum total number of iterations;

I represents the optimal function at the initial fitness; H, represents the optimal
function suitable for this iteration. At the same time, under the search control of this
parameter, the probability of finding the approximate location of the line fault of the wind
turbine is calculated. In CS technology, the discovery probability value is generally

between 0.2-0.3, and the probability under this parameter is set to P When the
probability is always at a large value, the convergence speed of defect search can be
accelerated. When the value of the probability P is found to be small, the convergence
speed at this time is reduced, so the optimal fitness is set by the ratio of the optimal fitness
and the previous solution:
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In equation (2): J represents the optimal fitness of the previous generation; e

represents the fitness of the 7 th solution under the action of s [6]. According to the above
calculation formula, freely adjusting the fitness of the discovery probability, the calculation
result of the obtained discovery probability is as follows:
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In equation (3): F represents the high-quality probability of the solution after iteration;

represents the optimal fitness for the’th solution; e represents the total number of

. oin [ .. . e
solutions; < = and * %% represent the upper and lower limits of the discovery probability
respectively . Combine the above two sets of formulas to get a search program, implement a
defect search instruction for the power system, and obtain the approximate area range of the
wind turbine line fault, as shown in Figure 1 below.

Fig. 1. Defining scope of wind turbine line faults.

The recognition result in the figure above is the target range of wind turbine line faults.
However, this target range not only contains defective nodes, but also contains a small number
of normal nodes. Therefore, the data of the defective nodes need to be matched and processed.
Fault data matching processing

After obtaining the defined fault range of the wind turbine line, the main characteristics
of the original wind turbine line are detected and matched with the characteristic points of the
fault of the wind turbine line to be matched. Set the characteristic point of the line of the

original wind turbine as “* and the characteristic point of the line fault of the wind turbine to

b
be matched as ", then:
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In equation (4), ' ", there are n pairs of feature points in total; w represents the
point cloud set corresponding to a;, and v represents the point cloud set corresponding to b; [7].

Taking point cloud W as a reference, rigid transformation is performed on point cloud V,
and V is transformed into the coordinate system of W, and the matrix is as follows:
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The definition of each variable is the same as the above formula. Due to the certain
mapping relationship between the fault points in the wind turbine line and the matched three-
dimensional point cloud, the matching points in the three-dimensional space of the wind
turbine line fault are obtained. as shown in Figure 2.
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Fig. 2. Schematic diagram of line fault points matching for wind turbines

As shown in Figure 2, the characteristic points in the wind turbine line are matched with
the three-dimensional spatial fault points of the wind turbine line, but because of the matching
process, it may be disturbed by random factors [8]. To this end, in the neighborhood of feature
points, reconstruction of inter-point interpolation is required to replace defective points with
missing phases. Extend the X direction or Y direction of the position to be matched after
matching. When two points are found to be defective, solve the three-dimensional space where
the two points are located. Use the points obtained by interpolation to replace the original
defect points and calculate. The process is as follows:
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Where ' represents the point where interpolation replaces 7, and

represents the point where interpolation replaces -
The specific replacement diagram is as follows:

(a) Defective point replacement process
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(b) Space point replacement process
Fig. 3 Schematic diagram of defect replacement process

As shown in Figure 3, the nodes in the Figure 3(a) are used to represent nodes. The filled
squares indicate defects or faults at the location, the upper part indicates that the original wind
turbine line contains characteristic points, and the lower part indicates the wind turbine to be
matched Corresponding defect fault points in the line. Figure 3(b) shows the cross-section
lines obtained after matching in the wind turbine line. So far, the fault data matching process
is completed, and the fault data deviation correction is implemented on this basis.

2.3 Error data deviation correction

In the process of matching fault data of wind turbine units, due to the influence of random
factors on the fault location of each line, a certain deviation occurs. In order to accurately
locate the fault point of the line, the fault data deviation needs to be corrected. The fault data
deviation is detected by using the wind turbine circuit diagram. On the edge of the wind

turbine circuit fault, the mark is left blank, as shown in Figure 4:
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Fig. 4 Marking the fault edge of a wind turbine line
According to the actual situation, if the distance between the two color scales remains
unchanged, there is no deviation between the two marks, otherwise the fault data deviation
correction is implemented [9]. To this end, a fault data deviation correction model is
established and the fault data deviation is revised. The specific structure of the revision
process is shown in Figure 5:
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Fig. 5 Schematic diagram of error data deviation correction

As shown in Figure 5, the master-slave structure of the fault data deviation correction model
is used to control the deviation generated in the wind turbine line. The control effect is divided
into two parts: the mechanical deviation of the wind turbine and the deviation of the line fault.
Among them, the correction of the mechanical deviation of the wind turbine must be
completed by setting the relevant parameters and the correction of the state of the wind turbine
equipment during operation. The line fault deviation revision uses the unit controller,
photoelectric encoder, motor drive and other related equipment to modify the line fault
deviation in real time, and control and display it. Both parts can complete the fault data
deviation correction through the CAN bus, so that the wind turbine line fault is guaranteed.
The photoelectric encoder installed on the line main shaft in the wind turbine equipment runs
simultaneously with the operation of the wind turbine control unit. The specific physical
diagram is shown in Figure 6.



Fig. 6 Physical piture of photoelectric encoder

2.4 Power system wind turbine line fault location

After the fault data deviation is corrected, the fault current travelling wave head arrival time
is calibrated. In the wind turbine line, the traveling wave signal is decomposed into
components with different characteristic scales, and the instantaneous maximum value is
obtained for the decomposed component to calibrate the wave head arrival time. When the
wind turbine line fault is in the fault transient state, the current signal will generate high-
frequency components due to the fault. The fault signal is decomposed by EMD, and the
highest frequency component in the decomposed signal is Hilbert transformed to obtain the
fault signal. Instantaneous frequency graph. Solve the maximum value of the instantaneous
frequency to remove the interference wave head [10]. In the time-frequency diagram, when
the fault traveling wave head appears as the first maximum value, the time when the fault
traveling wave head reaches the detection point can be determined. In addition to locating the
fault area of the wind turbine line, in addition to knowing when the fault traveling wave head
reaches the detection point, it is also necessary to calculate the traveling wave velocity. When
the frequency-dependent interference of the relevant parameters of the wind turbine line is not
considered, the formula for calculating the traveling wave velocity v of a fault is as follows:
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Among them, N is the inductance value of the unit length wind turbine line, and V is the
capacitance value of the unit length wind turbine line. Theoretically, it is feasible to calculate
the traveling wave velocity of a fault using a formula, but in practical applications, because the
wind turbine unit line is usually constructed across regions, the inductance, capacitance, and
resistance of the line will change as the line grows. The wave velocity formula is as follows.

In equation (8) , G is the conductance value of the unit wind turbine unit line, and ' is the
angular frequency. The figure is a schematic diagram of the wind turbine line, and the specific



principle of measuring the traveling wave velocity of a fault is explained in detail.
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Fig. 7 Schematic diagram of the wind turbine

As shown in Figure 7, the length of the line is 1, detection points A and B are placed at
both ends of the line, and detection points C are set at 1/2. In practical applications, the
detection points are not placed at equal intervals, and the clocks of the detection points at
different intervals are implemented by tracking. After a fault occurs, the fault occurrence
section is judged according to the phase separation phase difference of the fault current.

Assume that the fault occurs in the BC section, and the time £ and ‘C" at which the fault
traveling wave reaches the detection points B and C respectively. Calculate the transmission
time "5 on the line in the BC section. Simply calculate the fault traveling wave wave speed.
Simply calculate the fault traveling wave velocity, and similarly calculate the AC traveling
fault wave velocity. After the line fails, the information collected by the fault information
collector at each monitoring point is sent back to the monitoring center. After receiving the
data, the monitoring host obtains the arrival time of the wave head from the wavelet scale
transformation according to the fault identification result, analyzes the section where the fault
point is based on the principle of phase-separated current and phase difference, and calculates
the traveling wave velocity of the fault to locate the fault area of the motor unit circuit . At this
point, the fault location of the wind turbine in the power system is completed.

3 Experiment

In order to verify the fault location method of the power system wind turbine line designed
in this paper, experiments are designed to verify whether the location information and obstacle
source are accurate in the event of multiple faults in the wind turbine line.

3.1 Experiment preparation

The wind power unit of the power system is used as the experimental research object,
including 1 breakpoint failure point, 10 operating failure points and 5 positioning points. And
experimental simulation diagram are shown in Figure 8.
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Fig. 8 Experimental simulation diagram

The coordinates of the fault point and each set anchor point are shown in the following Table
1:

Table 1. Coordinates of failure points and various set anchor points

_Experiment X-axis Y-axis Occurrences / times

library number
Pl 34 114 2
P3 64 158 2
P4 57 25 2
P5 142 113 1
P6 153 58 1
pP7 176 114 1
P8 134 14 1
P9 176 174 1
P10 134 25 2

Under the above experimental conditions, the traditional method and the method in this
paper were used to locate and analyze the experimental results.

3.2 Experimental results and analysis
Under the above experimental conditions, two methods were used to locate the data, and the
test point results were obtained. The experimental results are shown in Table 2:

Table 2 Comparison of positioning results of the two methods
Experimental results of

Experiment Experiment set point Experimental results of the -
number xp p method of this paper traditional method
Pl 1. 2. 9. 10 1. 2. 9. 10 1. 9. 10
P2 4. 5.6 4. 5.6 4. 5.6
P3 3. 7. 8 3.7, 8 3. 4.8
P4 11, 15, 16 11. 15, 16 11, 13. 9

P5 8. 5. 10 8. 5. 10 8. 5. 10



P6 15. 12, 13 15. 12, 13 15, 12, 13

P7 6. 7.9 6. 7.9 6. 5.9
P8 14. 2. 4 14, 2. 4 14. 4

P9 8 11. 9 8 11. 9 8. 10. 9
P10 2. 6.7 2. 6.7 2. 5.7

As can be seen from Table 2, compared with the traditional method, the positioning results
of this article are based on the experimentally set point coordinates. The basic positioning
points of this method are correct, and the experimental results appear marked. The smaller the
distance between the wind turbines, the more accurate the positioning results. Omissions and
errors in the number of anchor points make the method in this paper more applicable.

4 Conclusion

This paper designs a fault location method for power system line faults, and solves the
problem of inaccurate or missing multi-points in conventional fault location methods for
power system line faults. It is hoped that the research in this paper can provide help for fault
line maintenance of power units.

In future research, we will focus on improving the efficiency of power system line fault
location and detection, and further improve the proposed algorithm.
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