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Abstract: Lightning overvoltage is the main cause of breakdown of insulators in high voltage
transmission lines, and lightning protection measures are different for different types of lightning
overvoltage. In order to prevent lightning accidents, it is very important to accurately evaluate the
lightning wave performance on transmission lines, and the transmission line tower model and
lightning protection performance calculation based on wavelet analysis are very important. The
research shows that the results calculated by lumped inductance and single WI(wave impedance)
model are too conservative, and if the insulation standard of power station is calculated by this
model, the problem of excessive investment will inevitably occur. However, the multi-WI model
accurately simulates the lightning current intrusion process in transmission line towers.

1. Introduction

Introduction

As far as lightning overvoltage is concerned, the characteristics of power grid structure and
environment determine that there are regular differences in the region [1], and because this
characteristic will be affected by various unstable factors such as climate, it is not easy to
distinguish by practical experience [2-3], so the identification of transmission line overvoltage has
important practical significance.

2. Transmission Line Tower Model
2.1 Establishment of Multi-Wi Model

According to the characteristics of WI(wave impedance), the WI of a vertical cylinder only
decided by the radius and height of the cylinder [4], and an empirical formula can be developed to
describe the W1 of a single vertical conductor:

In practice, the longitudinal conductor in the transmission line tower is generally inclined, so it
can be corrected based on the above formula, which comes from the empirical formula of

measurement results, and its equivalent correction radius r, # formula:
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Transmission line tower can be separated into major bracket and bracket, every part is assumed
to be evenly distributed, and WI can be calculated by their own size and geometric function. The

WI 7, of each part of the main bracket is calculated as follows:
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With or without a bracket, the actual measurement shows that the WI of the multi-conductor
system is reduced by about 10% after the bracket is added [6], then the WI of each part of the
bracket is:

2y = 975 (5)
At the same time, it can be seen from the measurement results that it takes more time for the

wave to pass through the multi-conductor system with the bracket, so the length of the bracket part
is 1.5 times that of the corresponding part of the main bracket.

2.2 Equivalent Circuit Modeling Method

CDEGS software is the abbreviation of Current distribution, electromagnetic fields, grounding
and soil structure analysis. It is a powerful tool software to solve engineering problems such as
grounding of power system, electromagnetic field and electromagnetic interference. It can calculate
the grounding potential, conductor potential and electromagnetic field generated by the network
structure composed of live conductors at any position on the ground or underground under normal,
fault, lightning and transient conditions [7].

Let the impedance of the device calculated by CDEGS be Z (s), the impedance calculated by

traditional equivalent circuit be Z, (s) and the impedance of the model established by black box
theory be 7 (s) then the relationship among them can be expressed as follows:
F(s) = Z(s) -2, (s)(6)

F(s) = i 0% + se + d (7)

k:15_,0k

The impedance 7 () of the black box model can be written in the form of pole-residue by

rational function approximation. The pole p, and its corresponding residue res, are real numbers

or conjugate complex pairs, the first-order term e and constant termd are real numbers, and V is
the total number of poles.

2.3 Establishment of Grounding Device Model of Transmission Line Tower

Grounding devices can be divided into manual grounding and natural grounding. Natural
grounding devices include reinforced concrete poles, iron tower foundations, framework
foundations of power plants and substations. Artificial grounding devices usually have three forms,
including horizontal grounding, vertical grounding and the combination of horizontal and vertical
grounding.

Horizontal grounding is generally used for lightning protection grounding of substations and
transmission lines, vertical grounding is generally used for centralized grounding of lightning rods
or wires, and the combination of horizontal grounding and vertical grounding is used for lightning
protection of substations and transmission lines.

In this paper, the grounding resistance of graphite grounding device is calculated by MALZ of
CDEGS software, and compared with common metal steel and copper grounding materials.

3. Calculation of Lightning Protection Performance Based on Wavelet Analysis
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3.1 Data Decomposition of Wavelet Transform

As a time domain analysis tool, wavelet transform is applied to signal-noise separation, fault
signal analysis and fault location, etc. Similarly, wavelet transform can also be applied to the
analysis of lightning overvoltage data. Wavelet transform does not use time-frequency domain, but
time-scale domain, which enables wavelet transform to extract high-frequency information and low-
frequency information of lightning overvoltage data by changing the width of time window.

For many signals, images and other data, the high-frequency components usually correspond to
the details of the signal and the small-scale analysis. The low-frequency components usually
contain the characteristic information of the signal, which corresponds to the large-scale analysis [8].
The good localization of wavelet in both time domain and frequency domain makes wavelet
transform perform well in signal classification.

Because the lightning overvoltage signal has the characteristics of high signal frequency and
transient, it is just right to use the good time-domain and frequency-domain characteristics of
wavelet transform to analyze the lightning overvoltage signal and make multi-scale analysis.

Any signal can be decomposed into infinite series of sub-wavelets by using wavelet transform,
and the signal can be expressed as a set of signal waveforms formed by the linear combination of
the translation / and expansion a of the generating function.

The wavelet transform of lightning overvoltage signal v (t) can be expressed as:

£ = (a0) = (u(t) v, (1)) = % Jyu @)y [t - ) dt (8)

Where u (¢) is the time function of the input voltage waveform, and ,, (¢) represents a set of

parameter-related functions, which are expressed as:
1 t—b
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Among them, v, (t) is the wavelet basis function that depends on the parameter generating
function a, 5, which is the result of stretching and translating the wavelet generating function
://(t), and the wavelet generating function z//(t) is a square integrable function. 5 is the
translation parameter, > € #; a is the scale parameter, a > 0.

When a = 1,6 =0, y,, (¢) = w,, (¢) = v (¢); Decomposition of signals on this function
system is called continuous wavelet decomposition.

3.2 Overvoltage Feature Extraction Based on Modulus Maxima of Wavelet Transform

The definition of wavelet analysis modulus maxima is that if 7 1 (X) is the wavelet transform of
function 7 (X) , then wunder scale s , if in a certain neighborhood of x, , for all
x € (x = 5, x + 6), there are:

. (x)] < 7.1 (x,)(20)
Then x, is the modulus maximum point of wavelet transform and st(xo) is the modulus

maximum.

The modulus maximum of wavelet analysis is an important basis to characterize the abrupt
change characteristics of signals. The modulus maximum of continuous wavelet transform is to
convolve the wavelet basis function with the signal to be analyzed, and the maximum of the
convolution results is the modulus maximum. At the same time, the magnitude of the modulus
maximum reflects the steepness of the signal mutation, the positive and negative of the modulus
maximum reflects the polarity of the signal mutation, and the time when the modulus maximum
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appears reflects the time when the original signal mutation occurs.

In this paper, the extraction of modulus maxima is realized by Matlab programming. The
modulus maxima calculated at each point of the signal are compared with neighboring points. By
setting the threshold, the modulus maxima of wavelet transform are obtained, and the graph of
modulus maxima is generated step by step.

In this paper, based on the feature extraction of wavelet transform modulus maxima, three
subsequent useful feature quantities can be extracted, which can be used as the basis for identifying
overvoltage types of transmission lines, namely:

The absolute value /; of the modulus maximum determined as the first modulus maximum point;

The product 7, of the first modulus maximum point & and the voltage U/ with the largest

absolute value;
It is judged as the time interval 7" between the second modulus maximum point and the third
modulus maximum point.

Among them, the magnitude of 7 reflects the steepness of wave head of overvoltage signal; The

polarity of £ reflects the initial change trend of voltage traveling wave; The value of 7" reflects the

continuous discharge time of arrester. Through the feature extraction of overvoltage signal based on
wavelet analysis modulus maxima, these three features can distinguish the wave head features of
overvoltage signal well.

4. Calculation Result Analysis

In order to verify the correctness of the model and algorithm established in this paper, the results
of simulation experiments reported in reference [9] are compared here. The current source is
applied to the top of the transmission line tower, and then the voltage is measured at the top of the
transmission line tower. Compared with the simulation results, the following figure 1 is obtained:
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Fig.1 Comparison of VVoltage Waveform between Top Calculation and Experiment

The simulation results show that the tower top potential of the traditional concentrated
inductance model of transmission line tower is higher than the other two WI models. The multi-WI
model introduced in this paper is used for simulation, and the tower top potential is lower. When the
WI model is adopted, the influence of the grounding resistance of transmission line tower on the
tower top potential is weakening, and the multi-W1 model is weaker than the single W1 model.

The calculation method of inductance model of transmission line tower has strong operability,
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wide application range and no influence of human factors on calculation error in practical
engineering application. Although the WI model calculation method has high simulation accuracy
and accords with the actual situation of wave propagation, it has great limitations in engineering
application. It is not only affected by the calculation conditions, but also requires the calculators to
reasonably choose the calculation time according to the actual situation in order to obtain reliable
results.

Under the condition of no artificial grounding body, the overvoltage distribution of the lowest
phase cross arm of 220kV transmission line tower is calculated under the conditions of 12.6m, 21.5
m and 25.5 m root opening. As shown in Figure 2.
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Fig.2 Overvoltage At the Lowest Phase Cross Arm of Transmission Line Tower

For areas with low lightning intensity and few thunderstorm days, it is impossible to reduce the
soil resistivity. Under the condition that artificial grounding devices are not economical enough, the
root opening of transmission line tower foundation can be appropriately increased to reduce the
distribution of lightning overvoltage.

5. Conclusion

The calculation results show that the tower top potential of traditional concentrated inductance
model of transmission line tower is higher than that of two kinds of WI models, and the tower top
potential is low when the multi-WI transmission line tower model introduced in this paper is used
for calculation. When the grounding resistance of the same transmission line tower is the same,
there is little difference among them, which shows that the grounding resistance of transmission line
tower has a great influence on tower bottom potential. On this basis, according to the difference of
feature quantity, a comprehensive identification criterion system is proposed. At the same time,
according to the long-term accumulated practical operation experience, an adaptive threshold
correction strategy is proposed. Finally, the criterion system is applied to identify and analyze the
overvoltage signals recorded in actual operation, and the results show that the method is reliable and
effective.
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