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Aiming at the low accuracy of traditional gas-insulated switchgear (GIS) fault diagnosis
systems in internal fault and over-heating fault diagnosis, this study designed a novel

automatic fault diagnosis system for GIS based on support vector machine (SVM) and X-
ray technology. The hardware of the system uses DSP core processor to process the data,
it consists of a multi-channel sensor module, a network data communication module, a
portable X-ray flaw detector, and other parts; The software of the system uses SVM to
construct an online diagnosis module and achieve visualized and automatic diagnosis of
busbar joint overheating fault and visual metal contacts fault, etc. After the introduction
of the system, this study conducted a comparative experiment on the proposed system and
the traditional system, and the results showed that the proposed system outperformed the
traditional system by 35% in the accuracy rate of high-temperature overheating fault
diagnosis; while in terms of medium-and-low temperature overheating fault diagnosis, this
number was 22%; meanwhile, field application also showed that the X-ray-based
visualized fault diagnosis system played a crucial role in the fault identification of
disconnectors and circuit breakers in many 110kV/220kV substations.

Keywords:

gas-insulated switchgear (GIS), overheating
fault, X-ray, visualized fault, joint diagnosis
system

1. INTRODUCTION

With the application and promotion of new technologies
such as anti-interference transmission and microprocessors,
studies on the fault diagnosis of GIS busbar joints overheating
have gradually increased, for example, many scientific
research institutions have developed various monitoring
systems such as the online switchgear monitoring system [1-
4], monitoring system for dissolved gas in oil [5-7], and online
monitoring system for power generation equipment [8-10].
The successful development of these systems has improved
the traditional methods which have to shut down the
equipment before detecting and diagnosing faults in GIS, these
new systems have realized real-time monitoring of GIS [11,
12], making the automatic diagnosis of GIS busbar joints
overheating failure possible, which is also conductive to data
storage and manpower saving. Moreover, with the
advancement of high tech, some new methods have applied to
the field of fault diagnosis, such as pattern recognition,
nonlinear theory, data mining algorithms, wavelet transforms,
and principal component analysis, etc., all these methods have
been widely applied in the diagnosis of busbar joint
overheating failure, and the diagnosis systems of such failure
have developed rapidly as well. The traditional busbar joint
overheating fault diagnosis systems mainly adopt the data
mining technology, which searches for rules in the sample data
and infers the overall data based on the found rules [13]. For
different requirements, data mining technology can mine
different inferences and descriptions in a same set of data. Due
to the low accuracy of the traditional busbar joint overheating
fault diagnosis systems, this study designed a novel GIS
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busbar joint overheating fault automatic diagnosis system
based on SVM (hereinafter referred to as the proposed system).
SVM is a machine learning method based on the principle of
structural risk minimization and the theory of statistical
learning, it builds data models to conduct statistical pattern
recognition and could obtain good results with limited data
samples. In addition, the proposed system also adds a portable
X-ray machine, which uses X-ray technology to judge the
visualized fault conditions insides the GIS, and further
improves the diagnostic accuracy of the equipment.

This paper firstly introduced the hardware design of the
fault automatic diagnosis system, Then, the comparative
experiment between the automatic fault diagnosis system and
the traditional bus joint overheat fault diagnosis system was
carried out, Finally, the practical cases of the diagnosis system
in the fault discrimination of disconnectors and breakers in
110kV / 220kV substations are analyzed.

2. HARDWARE DESIGN

The hardware of the proposed system includes: a core
processor module, a network data communication module, and
a multi-channel sensor module [14].

2.1 Design of the multi-channel sensor module

The multi-channel sensor module contains two types of
sensors: one is used for qualitative feature detection, it consists
of a hydrogen sensor and a carbon monoxide sensor, and it is
installed inside the oil conservator air chamber of the GIS; the


https://crossmark.crossref.org/dialog/?doi=10.18280/ejee.220107&domain=pdf

other is used for quantitative feature detection, actually it is a
temperature and humidity sensor installed in the circulating
cooling system of the GIS. With the help of the two types of
sensors, we can collect data signals at the busbar joints of GIS,
including temperature signals, humidity signals, hydrogen
signals, and carbon monoxide signals, etc. [15], wherein the
temperature and humidity sensor is the most important part for
the diagnosis of overheating faults. The proposed system
adopted the SHTCI digital temperature and humidity sensor
which is a kind of smart sensor and supports mobile devices,
this sensor is the smallest-volume temperature and humidity
sensor developed under the current technology, it integrates
the analog signal processing circuits and the temperature and
humidity sensor components on a microchip, and both its
operating voltage and power consumption are very low.

The model TSG228FT hydrogen sensor was adopted as the
hydrogen sensor in the proposed system to ensure good
hydrogen sensitivity. When hydrogen appears, the
conductivity of the sensor will increase with the hydrogen
concentration, and the model TSG228FT hydrogen sensor can
convert the change in the conductivity to the hydrogen
concentration signal and output the signal. Meanwhile, the
model LMP1277 carbon monoxide sensor was adopted as the
carbon monoxide sensor in the proposed system, when there’s
carbon monoxide at the position of the busbar joints, the sensor
signal will be enhanced. The output signal frequency range of
model LMP1277 carbon monoxide sensor is 100-100Hz, and
the corresponding gas volume fraction is 0-10-, which can
flexibly detect the volume of the carbon monoxide.

2.2 Design of the core processor module

For the core processor module, the 3215DSP core processor
was taken as the main processor of the proposed system, and
the TMS231F32x chip was adopted for data processing. The
3215DSP core processor has low power consumption and high
performance, it supports JATG boundary scan and has 32-bit
high-performance central processor, serial peripheral interface
(SPI) mode, 16 CDA conversion interface channels, 2 serial
communication interfaces (SCI), and multi-channel buffered
serial ports (BSP); it also has multi-purpose transmission pins,
compared with the traditional busbar joint overheating fault
diagnosis systems, this core processor increases the data
processing rate of the proposed system, and thereby improving
the diagnostic accuracy of the proposed system. The flash
programmable voltage of the power circuit of the core
processor module is 3.5V, the system /O output power and
input power are both 3.2V, and the chip’s internal and external
power supply and core power supply are all 1.7V; the system
has six sets of power input: Analog 3.5V, Analog 3.2V,
Analog 1.7V, Digital 3.5V, Digital 3.2V, and Digital 1.7V.
The ML7111 and ML7113 power management chips were
used to design the 32x chip, the output voltage accuracy of
these two power management chips is relatively high, so they
can give about 1A output current to the 32x chip. The power
supply circuit of the core processor module is shown in Figure
1. The 32x chip can be directly connected to the digital power
supply pin of the 3215DSP core processor through the output
voltage.

For the core processor module, we also need to design a
JATG interface for program testing and chip download, and
this JATG interface consists of boundary scan interface, EMUI
extension interface, EMUO extension interface, and IEEE
standard protocol test interface. Moreover, in order to convert
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all external input analog signals into digital signals, we also
need to design a CDA conversion interface. The CDA in the
3215DSP core processor is a pipeline-structured high-
resolution analog-to-digital converter, so the CDA conversion
interface adopted two 8-channel multiplexers (MUX), and
there’s a total of 16 channels, which can help the analog-to-
digital converter to quickly convert the signals in the core
processor module. The peripheral connection of the CDA
conversion interface is shown in Figure 2.
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Figure 1. Power supply circuit of core processor module
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Figure 2. Peripheral connection of CDA conversion interface
2.3 Design of the network data communication module

The network data communication module can support short
messaging service (SMS), fax, data, voice mail and other
services. It is highly integrated and has a compact structure, it
supports both high and low temperature working
environments, and consumes less current. The power supply
voltage of this module is 3.2V-4.9V, the module is mainly
composed of an application interface, a baseband controller
and a radio frequency (RF) device. The baseband controller
can control signal amplification, conversion, and transmission,
etc.; the RF device is responsible for receiving and sending
analog signals; the application interface is the SCI interface,
which consists of two modules, SCI1 and SCI2. Each of the
two modules has a transmitter and a receiver, and each has a
FIFO with a depth of 10, so that each has its own independent
interrupt and enable bits, and can perform half-duplex



communication and full-duplex communication separately
and independently. Since serial data communication is
required in the busbar joint overheating fault automatic
diagnosis system, we could only use SCI interface to make
connection indirectly, therefore, we designed a SR232
interface for level conversion, so as to convert the negative
logic level of the SCI interface to the COMS level. The SR232
interface consists of a MAX2323 chip and a converter, and it
can send and receive analog signals at the same time.

3. SVM-BASED OVERHEATING FAULT DIAGNOSIS

The automatic diagnosis of the busbar joint overheating
fault needs to be conducted in the core processor module and

completed by the online diagnosis module built based on SVM.

SVM s used to classify signal data status so as to complete
fault diagnosis. The SVM classification linear equation is
shown below:

@-X+b=0 1)
where, w is the classification interval; x is the classification
sample; b is the training error rate. The detection indicator of

the busbar joint overheating fault is p. (xi, yi) represents the
signal data classification samples, wherein x; is the sum of
temperature and humidity data and y; is the sum of gas data.
Eqg. (1) was used to classify the signal data classification
samples, when:

x[(@-y)+b]-1=p )

It indicates that there is a busbar joint overheating fault,
when:

x[(w-y)+b]-1<p 3)

It indicates that there is no busbar joint overheating fault.
With the online diagnosis module of the joint diagnosis system,
signal data processing and fault analysis could be completed.

3.1 Experimental parameters
In order to test the proposed system, this study designed a

comparative experiment and the experimental parameters are
shown in Table 1 below:

Table 1. Experimental parameters

Items

Data

Platform
Fault classification

Operation procedures

Evaluation criteria
Measuring standard
Operating system

Experimental data

Matlab Web platform

High temperature overheating, medium-and-low temperature overheating
Data signal acquisition, signal conversion, signal storage, data signal
classification, overheating fault diagnosis
New structure industry with the best integration and transition effect

System diagnostic accuracy

Win10

High-temperature overheating fault diagnostic accuracy, medium-and-low
temperature overheating fault diagnostic accuracy

3.2 Diagnosis process

The temperature signal, humidity signal, hydrogen signal,
and carbon monoxide signal at the position of GIS busbar joint
were collected by the hydrogen sensor, carbon monoxide
sensor, and temperature and humidity sensor and taken as the
experimental data, then the core processor module was used to
convert the analog signals and store them, the online
diagnostic module was used to analyze the experimental data
and diagnose the high temperature overheating and medium-
and-low temperature overheating through the signal types. To
ensure the validity of the experiment, a traditional busbar joint
overheating fault diagnosis system was compared with the
proposed system, 300 tests were performed respectively, and
the experimental results were observed.

3.3 Diagnosis results

The traditional busbar joint overheating fault diagnosis
system and the proposed system were compared, the high
temperature overheating fault diagnostic accuracy of the two
is shown in Figure 3, and the medium-and-low temperature
overheating fault diagnostic accuracy of the two is shown in
Figure 4.

59

100 +

80

60

40-

—e— Control group
-e~ Experimental group

20

High temperature overheating
fault diagnostic accuracy /%

150 200 250 300

Detection times

100

Figure 3. Comparison of high temperature overheating fault
diagnostic accuracy

By comparing Figure 3 with Figure 4 we can know that, the
proposed system outperformed the traditional system in high,
medium and low temperature overheating fault diagnostic
accuracy; after 100 times of high temperature overheating
fault diagnosis, the diagnostic accuracy of the proposed system
was 22% higher than the traditional system; after 200 times of
high temperature overheating fault diagnosis, the diagnostic
accuracy of the proposed system was 22% higher than the



traditional system; after 300 times of high temperature
overheating fault diagnosis, the diagnostic accuracy of the
proposed system was 35% higher than the traditional system.
After 100 times of medium-and-low temperature overheating
fault diagnosis, the diagnostic accuracy of the proposed system
was 16% higher than the traditional system; after 200 times of
medium-and-low temperature overheating fault diagnosis, the
diagnostic accuracy of the proposed system was 20% higher
than the traditional system; after 300 times of medium-and-
low temperature overheating fault diagnosis, the diagnostic
accuracy of the proposed system was 22.5% higher than the
traditional system.
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Figure 4. Comparison of medium-and-low temperature
overheating fault diagnostic accuracy

4. X-RAY-BASED VISUALIZED FAULT DIAGNOSIS

The proposed system introduced a portable intelligent X-ray
flaw detector [16-18], which can detect welds and defects
inside the GIS, and this technology has played an important
role in visualized fault monitoring of disconnectors,
transmission rods and other parts of many 110kV/220kV
substations. The X-ray-based visualized fault diagnosis
method is a kind of non-destructive testing method, which is
quite different from the conventional PD detection and ultra-
high-frequency detection [19-22]. However, it should be noted
that introducing X-ray-based visualized fault diagnosis to the
joint diagnosis system is an innovative design which has high
practical engineering value. However, in the actual operation
process, it is necessary to ensure the consistency of the test
angles during the tests of a same position, thereby ensuring the
consistency of the photos taken multiple times, and only in this
way can the visualized fault diagnosis be well performed.

Digital X-ray inspection was performed on the opening
status of the disconnector and the opening/closing status of the
grounding knife switch, and the inspection results showed that,
under the opening disconnector conditions, there’re situations
in which the moving contact was protruding from the voltage-
sharing hood, which might affect the normal operation of the
equipment. Comparing Figure 5 and Figure 6, it can be seen
that in the position pointed by the red arrow in Figure 6, the
moving contact did not return to the original position under the
opening status of the disconnector, it protruded from the
voltage-sharing hood by 9.1mm, which posed a safety hazard.
In Figure 7, the position pointed by the red arrow showed that
the moving contact did not return to the original position under
the opening status of the disconnector, it protruded from the

voltage-sharing hood by 10.8mm, which posed a safety hazard
as well.

Figure 5. Schematic diagram of flaw position and photos
(normal phase)

Figure 6. Schematic diagram of flaw position and photos
(fault phase)

Figure 7. Schematic diagram of flaw position and photos
(fault phase)

It can be seen from the X-ray inspection images of the
transmission rod shown in Figure 8 that the position of the
transmission rod of the fault phase was obviously deviated
from that of the normal phase, the transmission rod of the fault
phase had been displaced, posing a hidden safety hazard. It can
be seen that the portable X-ray flaw detection technology of
the proposed system played a key role in analyzing and
judging the visualized faults inside the equipment.

— .

(a) Normal phase  (b) Fault phase

Figure 8. Transmission rod X-ray inspection images



For a 110kV substation which had partial discharge signals,
its GIS switch B-phase cable heads were subject to X-ray flaw
inspection, and it’s found that at the boss position, there’s
obvious cracks (see Figure 9); after that, the cabin was opened
and disassembled (Figure 10, Figure 11, Figure 12), and it’s
found that no cracks, pores, or other defects were seen in the
upper end of the insulated bushing in the A, B, and C directions,
and cracks were found in the lower end of the insulated
bushing in the D direction. When examining the material
object according to the photos, it’s found that there was a lump
peeling off at the position of the cracks, and the peeling
position was at the boss which was located at the lower end of
the insulated bushing (see Figure 12), the peeling area was 40
x15mm?, and the maximum thickness of the lump was 8mm,
so it’s judged that this is the cause of the partial discharge
signals.

Figure 9. Schematic diagram of the flaw detection position

Figure 10. A photo of the interior of cabin

Figure 11. A photo of cable head
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Figure 12. A photo of boss cracking and peeling off

5. CONCLUSION

This paper proposed a visualized fault joint diagnosis
system for GIS overheating faults based on SVM and X-ray
technology. In terms of high temperature overheating faults,
the diagnostic accuracy of the proposed system was 35%
higher than that of the traditional system; in terms of medium-
and-low temperature overheating faults, the diagnostic
accuracy of the proposed system was 22% higher than that of
the traditional system; moreover, the visualized fault diagnosis
method based on X ray can discover visual faults of metal
components inside the equipment intuitively and clearly, and
it has played a key role in diagnosing faults of disconnectors
and circuit breakers in multiple 110kV/220kV substations.
The proposed system is worthy of promotion, and it can
effectively improve the safety and service life of GIS.
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