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Abstract. This paper introduces the detection principle of Gas-Insulated Switchgear(GIS) 
ultrasonic testing method for the fault location of flashover.We designed the GIS flashover fault 
location monitoring system, which solved the problem of low precision and time-consuming for the 
detection of GIS.We designed the hardware and software of the monitoring system. We use the 
three op amp differential amplifier circuit in front processing circuit of the hardware part to 
suppress the common mode signal in the signals.When the signal is processed by software, the 
method of wavelet soft and hard threshold is designed to remove the noise in the signal and improve 
the signal to noise ratio.We achieve the task of wireless data transmission through the 
ZigBee2007Pro protocol stack.Experimental platform is built to verify the reliability of the GIS 
flashover fault location system, which can improve the positioning accuracy and fault location, and 
has the advantages of low cost, portability and so on. 

Introduction 
Gas-Insulated Switchgear (GIS) [6] improves the security of Ultra high voltage transmission in 

electric power system.Besides,GIS  has the advantages of compact structure, small occupied space, 
fully enclosed type switch, high operating reliability, long service cycle, and so on [1-3].Recent 
years, the application of GIS in electric power system becomes more and more wide. But because 
the internal structure of GIS is complex and highly airtight [4], it is difficult to locate the fault 
location of GIS, which is complex and the cost is high.Meanwhile,GIS will result in a small number 
of internal defects due to production, assembly, transport and other various reasons.These small 
insulation defects can lead to GIS insulation failure, reduce the service life, and even cause 
flashover failure, which affects the operation of the power grid [4-5]. So,when flashover occurs, we 
must quickly locate the fault location, in order to  reduce the harm to the safety of the people's 
property timely. 

In the industrial field,the commonly used methods of fault location are ultra high frequency 
method, pulse current method, optical detection method, ultrasonic method and gas analysis 
method.In these methods,more widely used and more mature is the ultrasonic method. 

The principle and location method of GIS ultrasonic method to detect the flashover 
When the GIS flashover, accompanied by a high temperature, gas molecules will produce violent 

movements in the conditions of high temperature.The gas in the flashover position will produce 
vibration to form sound wave, and receive the acoustic signals through acoustic sensors, so as to 
realize the location of the flashover fault [8-9]. The propagation process of sound signal caused by 
flashover failure is more complicated in GIS interior.The attenuation of the sound signal is more 
serious,perhaps the attenuation amplitude can reach more than 10 times,when it arrived flange 
composed of epoxy resin and other materials [7]. Thus,we can install a sensor to capture the 
vibration signal strength in each section of the GIS .Due to the attenuation characteristics of the 
acoustic signal, the sensor installed in the GIS is different from the installation position, the 
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intensity of the received acoustic signal is not the same, which can realize the location of the 
flashover. 
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Figure 1. The transmission schemes of typical GIS flashover fault signal 
As shown in Figure 1, assuming that the location of flashover fault is located in the center of the 

GIS gas chamber, then the sound signal generated by the flashover fault will be propagated along 
the path R1 to the path R5.It can rely on the sound signal monitored by strength detection node 
which is installed on the front end of the GIS to realize the fast positioning of flashover fault. 

Design of hardware system  
The whole system is mainly composed of the sensor, the hardware processing circuit, the 

wireless transmission platform and the host computer software platform.The Ultrasonic method is 
used to quickly locate the GIS internal flashover discharge, which is very easy to cause the error 
because of the noise source. Therefore, the effective extraction of the flashover signal is the key to 
the system design. 

 The Acoustic signal piezoelectric ceramic sensors are respectively arranged in each section of 
GIS equipment.When the signal is received by the sensor, the analog signal is converted to digital 
signal by A/D conversion.Because the received signal contains a lot of white noise and noise, we 
need to adopt three op amp differential amplifier for preprocessing to suppress common mode 
signal effect. Secondly, the pre processed signal is amplified by a reverse proportion circuit; finally, 
a four order band-pass circuit is used to filter the amplified signal;In order to facilitate the 
processing of the back end of the microcontroller, we need to post amplification of the filter circuit. 
Singlechip is used by the STM32F3. The signal transmitted by the single chip microcomputer is 
transmitted to the host computer software through the wireless transmission protocol ZigBee. The 
schematic diagram of the structure is shown in Figure 2.1. 
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Figure 2.1 The structure diagram of a single detection device 

Design of software system  
System software program portion includes: A/D sampling process programming based on 

STM32F3 microcontroller, wireless data transmission programming based on ZigBee2007Pro and 
PC Monitoring Software Interface programming based on LabView. Where in the first portion 
realize the signal sampling process, to complete the anti-interference and filter software design of 
the analog signal. 
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The keys of the wavelet analysis algorithm are the choice of threshold, signal decomposition and 
reconstruction. Because in the actual environment, the signal is very weak, so we use the amplifier 
circuit to 10 times the signal amplification, and then extract the signal.We use the combination of 
the single exponential decay and the double exponential decay model as the attenuation model. 

Threshold selection plays an important role in signal reconstruction, and it is related to the 
degree of signal recovery.In the selection of threshold, we selected the heursure rules.In the 
threshold processing method, we use the soft and hard threshold processing method, the function 
expression is as follows: 
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We carried out a series of simulation experiments, using Matlab simulation data to determine the 
correlation coefficient[11]. Correlation coefficient can reflect the similarity of the two signals, the 
greater the correlation coefficient, the higher the degree of similarity, the better the treatment.We 
determine the wavelet basis function and decomposition level according to the ratio of correlation 
coefficient.It is found that when the wavelet function is coif wavelet, the vanishing matrix is 5,the 
decomposition level is 6 , the signal correlation is the largest, that is, the signal reconstruction is the 
best. 

Experimental program 
Because the GIS flashover fault is a destructive fault, we have carried out a number of simulation 

experiments in the course of the experiment.There are one main type of experiment: the simulation 
experiment in the laboratory for GIS air chamber. 

Experiment scheme:We use 3mm adhesive tape to stick sensor in the middle of the wall of the 
gas chamber, and then hit the wall of the same position to simulate the location of the flashover 
failure, using the speaker to replace the noise, and constantly moving the speaker's position.Finally, 
we use wavelet analysis to compare the data before and after using wavelet analysis, and then 
through the analysis of data to observe the effect of denoising effect.As is shown in Figure 3.1. 

 

Figure 3.1 Schematic diagram of experimental program percussion 

Test result and analysis 
First, we need to determine the location of the tap, in a quiet environment, we use the device 

without the addition of wavelet algorithm (that is, 1,2,3 device) for the two experiments, recording 
data as a comparative benchmark,as is shown in Table 3.1.After the addition of noise the 
experimental data more in line with the rules of this group of data or closer to this group of data, the 
better the effect of denoising.Then, according to the Figure 3.1, put the speaker in a successive 
position (each test is only one position on the speaker), and then we hit two times in each position, 
the final two sets of test data were recorded. In order to ensure the consistency of each impact signal, 
we use an ejection device, so that each time the wall of the tube is basically similar to the attack.As 
is shown in Table 3.2. 

Hit 

1 4 2 5 6 7 
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Table 3.1 Experiment data without noise 
Percussion number Note1 Note2 Note3 

1 958 730 318 
2 902 687 358 

Table 3.2 Comparison of experimental data before and after using wavelet analysis 
Speaker 
position Note1 Note2 Note3 Note4 Note5 Note6 

1#1 1636 1224 544 1012 700 232 
1#2 1484 1383 563 826 673 201 
2#1 1936 2043 621 936 755 332 
2#2 1513 1322 800 892 621 349 
3#1 1523 1850 1311 893 696 258 
3#2 1499 1532 1096 830 423 211 

 So, in the absence of wavelet analysis, with the noise position away from the tap position, the 
accuracy of detection is reduced such as 2#1、3#1、3#2, 2 node data is the largest, but the actual tap 
position in the 1 node.However, after using the wavelet analysis, the scheme basically meets the 
attenuation law, and there is no the 2 node data larger than the 1 node data, and the accuracy of the 
program is higher.It shows that this method has a certain effect. 

By comparing the experimental data , it can be concluded that the scheme has a better denoising 
effect,and the scheme improves the accuracy of the positioning system,  in the strong noise 
environment, the accuracy rate of the system increased about 20%. 

Conclusion 
Through the experimental verification of this scheme, it is concluded that the design can 

effectively remove the noise in the signal, and it can realize the fast location of the fault point and 
improve the accuracy of the location.And through the ZigBee wireless communication technology, 
the collected sound signal data is transmitted to the monitoring end of PC. But this circuit, there are 
still insufficient. The detection accuracy is reduced due to electromagnetic interference and other 
noise, so it should be further strengthened hardware filter circuit performance in the industrial 
field.The signal strength at the end of the GIS is larger than the signal at the end of the flashover 
fault when the flashover fault occurs in some particular locations.Preliminary analysis, due to the 
end of the metal seal with a signal caused by the echo, after superposition of signal strength appears 
“inflated”.These problems need to be improved in the following work. 
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