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Abstract: A transformer is an important part of the power system. Existing transformer fault
diagnosis methods are still limited by the accuracy and efficiency of the solution and excessively
rely on manpower. In this paper, a novel neural network is designed to overcome this issue. Based
on the traditional method of judging the ratio of dissolved gas in transformer internal insulation
oil, a fast fault diagnosis model of a transformer was built with an improved probabilistic neural
network (PNN). The particle swarm optimization (PSO) algorithm was used to find the global optimal
smoothing factor and improve the fault diagnosis accuracy of PNN. The transformer fault diagnosis
model based on improved PNN not only eliminates the influence of human subjective factors but
also significantly improves the diagnosis speed and accuracy, meeting the requirements for real-time
application in practical projects. The feasibility and effectiveness of the method proposed in this
paper are illustrated by a case study of actual data. Through analysis and comparison, the diagnostic
accuracy of the proposed method is 10% higher than that of the general BPNN and 5% higher than
that of the traditional PNN on the premise of ensuring the efficiency of the solution.

Keywords: power system; probabilistic neural network (PNN); particle swarm optimization (PSO);
transformer fault diagnosis

1. Introduction

Under the background of rapid economic development and continuous improvement
of residents’ living standards, requirements for power demand, power quality and power
supply reliability are constantly improving [1]. In the process of power transmission,
distribution and transformation, power transmission and transformation equipment, as
an important hub and carrier of energy, play a pivotal role [2]. Among them, the normal
operation of a transformer is the basis of power system security. At present, the annual
failure rate of transformers can reach 3~5%. Transformer fault has gradually become the
main fault of distribution networks. Damaged transformers not only increase the pressure
of management costs but also affect the normal power consumption of residents’ living
and production, which has become the actual problem that most often complicates power
supply management. Against this backdrop, how to ensure that the power transmission
and transformation equipment is in normal operation condition, find potential faults in
the equipment in time and carry out rapid maintenance and equipment replacement has
become a hotspot of current research [3].

Fault diagnosis refers to judging whether the equipment is in a normal working state
according to the operation and maintenance data fed back by monitoring equipment [4].
With the development and improvement in power grid monitoring systems and data
collection platforms, a large amount of data reflecting the working status of equipment and
its components can be easily obtained [5]. Based on these data, the power grid operators
and relevant experts can evaluate the equipment status, determine the fault type and scope
of influence, predict the changing trend of the fault and then take effective measures to
eliminate the fault, determine the appropriate maintenance time and reduce the downtime
loss and maintenance costs caused by the fault event [6,7].
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In the power system, power transmission and transformation equipment play an
important role and are the basis for the normal operation of the power system [8]. Typical
transmission and transformation equipment includes transmission lines, transformers,
circuit breakers and some relay protection devices. Because power transmission and trans-
formation equipment have different characteristics, many scholars have carried out research.
In this paper, the transformer is taken as the research object. The literature [9] proposes a
transformer fault diagnosis model using a support vector machine algorithm, establishes a
hierarchical decision-making scheme based on historical statistical data and finally uses the
k-means clustering algorithm to accurately approximate the final classification results. The
given example illustrates the feasibility and good classification effect of this method: the
literature [10] proposed a transformer fault diagnosis model based on the mathematical
rough set theory considering the omission or missing of monitoring information of the
transformer operation state. When key information is missing, Euclidean distance and
neural network are used for fault diagnosis, and the decision table constructed has the
ability of self-improvement and updating. Considering the shortcomings of traditional
neural networks, such as weak generalization ability, narrow scope of application, excessive
dependence on training samples and long training time, the literature [11] uses the extreme
learning machine algorithm and has achieved good diagnosis results. According to the
frequency and times of transformer faults in the system, the literature [12] established a
fault tree model to facilitate a system reliability evaluation. According to the different ratios
of dissolved gases in transformers, the literature [13] combined genetic algorithms to build
a transformer fault diagnosis model.

As pointed out in the literature [14-16], several types of faults that are often encoun-
tered in transformers mainly include short circuit faults, insulation damage faults and
overheating faults. Among them, various short circuit faults in transformers, such as
single phase to ground, two phases to ground or three phases to ground, are most serious.
The insulation damage fault in transformers accounts for 70~80% of total faults, which is
mainly caused by mechanical force or overheating. Overheating faults are mainly caused
by abnormal currents, and the occurrence probability of such faults is 10~12%. In generally,
the causes of distribution transformer faults are various. By analyzing the common faults
in transformers and taking reasonable solutions and preventive measures, the losses caused
by transformer faults can be minimized to ensure the safe and reliable operation of distri-
bution lines. However, the methods mentioned above are still limited by the accuracy and
speed of the solution and excessively rely on manpower. In order to solve this problem, this
paper proposes a data-driven transformer fault diagnosis model, which is jointly optimized
by PSO and PNN. The contribution of the paper is summarized as follows:

(1). With the help of artificial intelligence technology, this paper applies the probabilis-
tic neural network model to transformer fault diagnosis. The combination of PNN and
traditional three-ratio method can set the judgment threshold and boundary conditions
more reasonably. Adjusting the original static three-ratio method to a dynamic adaptive
method can improve the accuracy of the traditional method. At the same time, it can meet
the need for efficient processing under a large number of data samples in engineering
practice and reduce the dependence of traditional methods on manual work.

(2). When the number of samples is large, the probabilistic neural network model
converges slowly and easily falls into the local optimum. Therefore, appropriate methods
are needed to adjust and update parameters. Therefore, this paper uses the PSO algorithm
to select the global optimal smoothing factor, which improves the applicability and accuracy
of the proposed method.

The framework of the article is as follows: In Section 1, the types of transformer faults
and existing diagnosis methods are introduced and their shortcomings are analyzed. In
Section 2, the application of PNN in transformer fault diagnosis is introduced and the
optimal smoothing factor is selected through PSO. The effectiveness and feasibility of the
method proposed method are verified through numerical analysis in Section 3. Finally,
Section 4 summarizes the full paper.
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2. Transformer Fault Types and Existing Diagnosis Methods
2.1. Classification of Transformer Fault Types

As shown in Figure 1, below, transformer faults can be divided into the following

categories [17]:
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Figure 1. Classification of transformer fault types.
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Abnormal sound: When the transformer is in normal operation, the transformer
keeps silent or emits regular noise. With a sudden increase in the load carried by
the transformer, looseness of internal parts or aging of insulation performance will
cause the transformer to emit noise. This kind of fault generally occurs in summer,
especially when the high-temperature power load is heavy.

Abnormal oil temperature: The mineral oil inside the transformer not only plays the
role of insulation protection but also plays the role of cooling. The reason for the
high temperature of transformer mineral oil is generally either the insulation of the
internal threading screw is damaged or the short circuit of the internal winding of the
transformer generates a short circuit current much higher than the rated operating
state, and generates a lot of heat, resulting in the abnormal temperature of the internal
insulation oil of the transformer [18].

Abnormal height and color of mineral oil inside the transformer: When the trans-
former is operating under high temperatures and heavy load in summer, the tempera-
ture inside the transformer is high, which makes black particles such as black carbon
appear in the oil, thus causing the color of insulating oil to be too heavy. In addition,
when the sealing property of the transformer decreases, the leakage and volatilization
of the transformer will occur, resulting in an abnormal oil level. If the internal insu-
lating oil of the transformer is lower than the minimum mark, manual refueling is
required to maintain the thermal insulation requirements of the transformer during
normal operation [19].

Unbalanced three-phase load: When the load carried by the transformer is three-phase
unbalanced, the three-phase current is often asymmetric, which leads to unbalanced
three-phase voltage. It should be pointed out that when ferromagnetic resonance and
turn-to-turn short circuits occur in the power system, an unbalanced three-phase load
fault state will also occur [20].

Lead part fault: Common faults of the lead part include poor contact caused by
loose wiring, lead burnout caused by overcurrent, etc. In the case of such faults, it
is necessary to handle the faults and cut off the power supply as soon as possible to
avoid further expansion of the fault scope.
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2.2. Analysis of Deficiencies in Existing Diagnostic Methods

At present, most substation and power grid maintenance personnel in China mainly

use the dissolved gas analysis method to calculate the ratio of different types of gas by
measuring the content of dissolved gas in transformer insulation oil, based on which
personnel judge the type of transformer fault.

@
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As shown in Figure 2, this method has the following limitations:

Limitations of high-precision calculation: The accuracy of the traditional three-ratio
method and Dornerburg method, derived from the dissolved gas analysis method, is
not high, and the diagnosis is based on a single method, which cannot fully reflect the
complex mapping relationship between transformer fault causes and fault types. Due
to the differences in transformer capacity, voltage level, operation history, manufac-
turer and system environment, the accuracy of transformer fault diagnosis can only
reach about 80%. In addition, traditional methods such as the three-ratio method can
be used to analyze the nature of the fault only when the content of each component
of the gas in the oil is high enough (generally, it means that it exceeds the set criti-
cal value). Therefore, if the three-ratio method is used to judge the real-time status
monitoring of the transformer, it will often lead to misjudgment and unnecessary
economic losses.

Limitations of online calculation: Traditional methods have high requirements for
external environmental conditions when conducting gas composition analysis, re-
quiring skilled operators to conduct on-site operations, which costs a lot of time and
generally takes more than 3 h. On the other hand, it cannot be ignored that the longer
the time spent, the change in the gas composition may be caused by the sampling and
storage process of dissolved gas in the transformer, which will eventually lead to a
deviation in the accuracy of the calculation results and cannot meet the requirements
of online monitoring. When the internal faults in transformers develop rapidly, it
is difficult for relevant operators and maintenance personnel to quickly obtain the
internal dynamic information from transformers, thus causing huge economic losses.
Limitations of human cost investment: Traditional methods rely on skilled operators
for analysis and calculation. With the growing scale of the power grid, the number
of transformers increases sharply, the corresponding types and voltage levels of
transformers are different and the amount of transformer status data fed back is large,
which greatly increases the difficulty in fault diagnosis and analysis by staff. In the
case of time constraints and numerous data dimensions, due to subjective factors such
as fatigue operation, data entry and calculation errors inevitably occur.

existing diagnostic

methods

Ay
v

Figure 2. Limitation of existing diagnostic methods.

3. Model and Application of Improved PNN

In this section, an improved PNN model is designed to realize accurate and efficient

diagnosis of transformer faults. In detail, Section 2.1 gives the coding rules for the ratio
of dissolved gas in the transformer according to the traditional three-ratio method. Then,
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Section 2.2 clearly introduces the flow chart of the selection of smoothing factor through
the PSO algorithm, through which the global optimal solution can be obtained. Finally, the
complete solution process is described in Section 3.3.

3.1. Introduction of PNN

Many researchers and engineers have carried out relevant research on transformer
fault diagnosis. At present, the most widely used method in China is the three-ratio (SR)
method [21,22]. The SR method is to judge the working state and corresponding fault type
of the transformer by analyzing the ratio between the dissolved gases in the insulating
oil and using coding technology. The coding rules and fault criteria of the SR method are
shown in Tables 1 and 2, respectively. It should be noted that the symbol ~ represents the
ratio range of dissolved gas in transformer.

Table 1. Coding rules for the ratio of dissolved gas in the transformer.

Ratio Range of Coding Rules
Dissolved Gas in Transformer C,H,/CyH, CH,/H, C,H,/C,H,
<0.1 0 1 0
0.1<~<1 0 0 1
1<~<3 1 2 1
3<~ 2 2 2

Table 2. Coding and diagnosis methods for transformer internal fault types.

Coding Combination

C,H,/CyHy CH,4/H, C,H4/CyHg

Types of Transformer Faults

1 0 Partial discharge inside transformer

0 1 The oil temperature is overheated, and the
0 temperature is below 150 °C

’ 0 The oil temperature is overheated, and the

temperature is between 150 °C and 300 °C
The oil temperature is overheated, and the

2 ! temperature is between 300 °C and 700 °C
012 2 The oil temperature is overheated, and the
i temperature is higher than 700 °C
0,1 0,1,2 Arc discharge
1 2 0,1,2 Arc discharge and high temperature
0,1 0,1,2 Spark discharge
2 2 0,12 Spark discharge and high temperature

Combined with Tables 1 and 2, relevant staff can obtain the working state of the
transformer as long as they make corresponding calculations according to the monitoring
data for the dissolved gas in the transformer. However, in actual operation, because
of the huge amount of information and high dimensions of the monitoring data, it is
inevitable that relying solely on human data entry, analysis and processing will be affected
by subjective factors such as staff fatigue, carelessness and errors in recording data, which
not only reduces work efficiency but also may lead to missing or even false diagnosis of
transformer faults.

In order to overcome the above issues and fully exploit the value of existing monitoring
information, this paper combines data monitoring and artificial intelligence technology and
uses probabilistic neural network (PNN) to diagnose transformer faults. On the premise
of ensuring accuracy, it improves work efficiency and eliminates the impact of human
subjective factors.

After decades of development and improvement, PNN has been widely used in data
classification and nonlinear regression fitting problems because of its simple structure and
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clear training rules. In addition, the weights of PNN are essentially the distribution of
pattern samples, and the network does not need to be trained, so its solution speed is very
fast, which can meet the needs of real-time fault diagnosis in the actual power grid. As
shown in Figure 3, the typical structure of PNN consists of four layers, from top to bottom,
namely, the input layer, schema layer, summation layer and output layer. PNN is a kind
of feedforward neural network, so it has unique advantages in pattern classification. The
value of the training sample is the input through the input layer. It should be noted that
the sample dimension is equal to the number of neurons in the input layer. The number of
neurons in the schema layer is generally the largest among the four layers, which is equal
to the sum of the number of training samples for each category. The output of each schema
unit of the schema layer can be calculated by Formula (1):

o wi) = expl- =Xy <1>

where x represents the input value of the input layer, w; represents the connection weight
between the schema layer and input layer and 6 represents the smoothing factor in the
schema classification process.

AN

H WV, r,' ‘\ v" ‘ gt
X Vi g Y2
O O O

RO
N/%

Input layer 7~ Summation Output layer
. layer

Schema layer

Figure 3. Typical structure of PNN.

The third layer is the summation layer, which is mainly used to accumulate the
probabilities of different schemas in the second layer, and then obtain the corresponding
probability density function of the schema. The fourth layer is the output layer, which is
composed of a simple threshold recognizer. Its main function is to select output neurons
for the trained neural network model. Different from neurons at other layers, output layer
neurons are competitive neurons. This competition is mainly reflected in that the output of
the neuron with the largest probability density function is 1, and that of other neurons is 0.

Combined with the principle of the SR method described previously, this paper selects
the coding combination corresponding to the three gas ratios in the transformer insulating
oil as the input of the PNN. The number of input nodes in the PNN model is set to 3,
which corresponds to the three-fault characteristic information of CHy/Hj, Co;H, /CyHy
and C,Hy/CyHg, respectively. If the transformer fault type is taken as the output of PNN,
then there are nine output nodes, respectively corresponding to nine fault diagnosis results,
as shown in Table 2. The number of nodes in the schema layer generally depends on the
capacity of the input samples.

3.2. Introduction of PSO Algorithm

As mentioned in Section 2.1, the fault diagnosis accuracy of PNN is directly related
to the selection of smoothing factor . The local optimal smoothing factor J selected by
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the empirical method or conventional optimization algorithm often leads to low accuracy
of PNN. In this paper, particle swarm optimization (PSO) is adopted to find the global
optimal smoothing factor and improve the accuracy of PNN. PSO is a global optimization
algorithm based on stochastic optimization technology. The main process of PSO can be
described as follows: initialize the current population; set the necessary parameters such as
algorithm learning factor, inertia factor and maximum iteration number; establish fitness
function; calculate the fitness of each particle in the population; and use the velocity and
position formula to update the population iteratively and calculate the optimal solution.
The random particle has two attributes: velocity and position. In the iteration process,
the velocity and position of the i-th particle in the k + 1 iteration can be updated by
Equations (2) and (3):

o = avf o1 x 1y x (pbesty — A¥) 4 ¢y x 15 x (gbest’ — AF) )

AL = 2K 4 of 3)

Here,x is the inertia factor; ¢; and ¢, are learning factors; k is the current iteration

number; vif is the velocity of the i-th particle in the k-th iteration; /\;‘ is the position of the

i-th particle in the k-th iteration; 71 and r; are random numbers between 0 and 1; pbestfc

is the extreme point location of the i-th particle in the k-th iteration; gbesifﬁC is the global

extreme point position. When the set number of iterations meets the minimum limit, the
PSO algorithm will terminate, as shown in the following Figure 4.

| Initial population |

!
| Set the adaptation function and calculate the adaptation |

| Data preprocessing |

¢ | Look for individual and group maxima |

| Initialize network parameters |

| Update velocity and location |

| Build the PNN model |
I

. | New adaptation value calculation |
| Optimal parameter | l
¢ | Update individual and group extreme value |
Established the improved PSO-PNN model

Reach the maximum number o
iterations or the algebraic difference
satisfies the minimum bound? No

| Diagnosis Results |

Output the optimal parameters

Figure 4. Flow chart of selection of smoothing factor through PSO algorithm.

3.3. Solution Process of Improved PNN

As shown in Figure 5 below, transformer fault diagnosis mainly includes three steps:
information coding, data training and fault diagnosis, of which the data training module
and fault diagnosis module are the core parts of transformer fault diagnosis. The input
data of PSO-PNN fault diagnosis is the dissolved gas, and the output result is the fault type.
When the data sample obtained is the content of CHy, Hy, CoHj, C,Hy and CyHg, it needs
to be coded according to the coding rules shown in Table 1. If the data sample obtained is
the ratio of the three gases, it can directly carry out data training and fault diagnosis.
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| Initialization of program |

y Set the spread

Establish fault diagnosis value of the
network model network training |

coefficient

Design coding program
according to IEC coding |

v v
The encoded value ..
corresponds to the actual fault peedeninng
7'y

v
The training network is
| The user enters model data | completed and the simulation
results are generated

»!

Y

No

Accurate diagnosis

| User input detection data |

| Read the sample data to be diagnosed

!

| Generate diagnostics and simulations

!

| Recording the diagnosis |

Figure 5. Flow chart of fault diagnosis using the improved PNN.

4. Results
4.1. Fault Diagnosis Results Analysis of the Proposed Method

The accuracy of transformer fault diagnosis results based on PSO-PNN is affected by
the number of samples and spread value. In this paper, the sample size is set to 20, 40,
60 and 80, respectively, and the transformer fault diagnosis results under different input
sample numbers are compared and analyzed, which is shown in Table 3. It should be noted
that the faults data comes from the power grid maintenance department.

Table 3. Transformer fault diagnosis results with different input sample numbers.

Diagnostic Diagnostic Diagnostic Diagnostic
No Actual Fault  Results when  Results when  Results when  Results when
) Type the Sample the Sample the Sample the Sample
Size Is 20 Size Is 20 Size Is 20 Size Is 20
1 4 4 4 4 4
2 2 2 2 2 2
3 9 3 9 9 9
4 7 5 5 5 7
5 4 4 4 4 4
6 3 2 3 3 4
7 5 5 5 5 5
8 4 7 7 4 4
9 1 2 1 1 1
10 6 6 6 6 6
11 4 4 4 4 4
12 7 4 7 7 7
13 5 5 5 5 5
14 8 2 2 3 8
15 3 2 3 3 3
16 5 3 5 5 5
17 4 2 3 3 3
18 2 2 2 2 2
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Table 3. Cont.

Diagnostic Diagnostic Diagnostic Diagnostic
No Actual Fault  Results when  Results when  Results when  Results when
) Type the Sample the Sample the Sample the Sample
Size Is 20 Size Is 20 Size Is 20 Size Is 20
19 4 4 4 4 4
20 7 2 2 2 2
21 7 5 7 4 7
22 2 2 2 2 2
23 3 2 2 1 1
24 7 4 4 7 7
25 5 4 5 5 5
26 7 7 7 7 7
27 3 2 2 3 3
28 4 2 2 2 3
29 1 1 1 1 1
30 3 3 3 3 3
N1'1mber .of correct 13 2 23 %
diagnosis results
Accuracy 43.3% 70% 76.7% 86.7%

Note: The numbers 1-9 in the above table represent different fault types. For specific meanings, refer to Table 2.
The green box indicates that the diagnosis result is correct, and the orange box indicates that the diagnosis result
is incorrect.

As shown in Table 3, with the increase in training sample size, the fault diagnosis
accuracy of PNN gradually increases. In addition, the fault diagnosis results of the 4-th,
20-th, 23-rd and 28-th groups of data have a lot of errors, which indicates that the fault
diagnosis accuracy of PNN is closely related to the sample quality. The more prominent the
typical characteristics of the sample and the wider the coverage, the higher the diagnosis
accuracy of the model. On the contrary, when the data sample cannot reflect the typical
characteristics of the fault, the diagnosis accuracy of the model is low.

On the other hand, the spread value will also affect the accuracy of fault diagnosis.
In order to more intuitively analyze the impact of the spread value, this paper divides the
spread value from 0.1 to 0.9 into eight values and uses the same training data and test data
for verification and analysis. A total of 130 groups of data are used for analysis during the
verification of numerical examples. Because of the large number of samples, they will not
be expanded in detail. Figure 6 shows the fault diagnosis accuracy of PNN under different
spread values.

T
150 + Number of correct diagnosis results

" N L 80.8%

8 — i

2151 ceuracy / i

21204 /-— - 82.3%

w2 —_—

2105+ 1 ] —-/! 1 — I

& -83.1% 2

- F =

g 75 { 3

5 - 84.6% <

S 60 -

E 45 / |

3 / - 87.7%

£ 304 y I

Z 154 / L 93.1%
0

T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 1.0
spread value

Figure 6. Fault diagnosis accuracy of PNN under different spread values.
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Obviously, it can be found that for the PNN model, the spread value and diagnosis
accuracy are inversely correlated. That is, the smaller the spread value, the higher the fault
diagnosis accuracy. When the spread value is 0.1, the prediction accuracy of the system is
the highest, reaching 93.1%, meeting the needs of practical engineering applications.

4.2. Comparison with Other Methods

Meanwhile, in order to further illustrate the diagnosis accuracy of the PSO-PNN
model, this paper compares it with the general BPNN model and traditional PNN model,
where the spread value in PNN is 0.1. The comparison results are shown in Figure 7.
It is not difficult to see that with the continuous increase in sample size, the diagnostic
accuracy of BPNN, PNN and PSO-BPNN models for fault types is also increasing, and the
diagnostic accuracy of the PSO-PNN model is significantly higher than that of BPNN and
traditional PNN models. Under the same number of training samples, the accuracy of the
PNN transformer fault diagnosis model used in this paper is about 10% higher than that of
the general BPNN, and their junction calculation time is basically the same. Therefore, the
method proposed in this paper has more advantages in practical application, especially in
the case of fewer training samples. In addition, when the number of data samples is 80, the
calculation time for BPNN is 64.5 s, whereas the calculation time for the method proposed
in this paper is 46.5 s. This is because BPNN belongs to a feedforward neural network and
uses a gradient descent iterative algorithm to update the weight parameters, which has
obvious defects: firstly, the learning speed is slow, so the system calculation time increases;
secondly, the learning rate is difficult to determine and easy to fall into the local minimum;
finally, it is prone to over-training, resulting in the reduction of generalization performance.
Especially when the number of samples is large, the convergence speed is slow, obviously.

100
90
80
70

§]
5
4
3
2
1
0
30 40 50 60 70 80

Number of training samples
m Accuracy of BPNN  m Accuracy of PNN Accuracy of PSO-PNN

Accuracy (%)
S O O O O

(=]

Figure 7. Accuracy comparisons of different methods.

Considering that the support vector machine proposed in the literature [9] and the
extreme learning machine proposed in the literature [11] are also widely used in transformer
fault diagnosis, this paper analyzes and compares the two dimensions of calculation
efficiency and accuracy with the proposed method. The specific calculation results are
given in Table 4.

According to the results in Table 4, the calculation accuracy of the extreme learning
machine and the method proposed in this paper is higher, but the calculation time of the
extreme learning machine is longer. The random initialization of the feature map in an
extreme learning machine brings it the advantage of generalization, but it also means that
the extreme learning machine needs more nodes than the gradient descent algorithm [23].
The increase in nodes leads to an increase in computing burdens. When the amount of
training data is large, redundant nodes will consume additional computing resources,
resulting in an increase in computing time. The support vector machine method has a fast



Processes 2023, 11, 474

11 0f12

References

training speed, but it also has the situation that boundary points are easy to be incorrectly
classified [24]. It is necessary to optimize its hyperplane construction method and boundary
point division problem, so its solution accuracy is low. On the other hand, although support
vector machine can process high-dimensional and large amounts of data, it is more oriented
to data with complex information such as pictures. Fault diagnosis based on dissolved gas
in oil involves a relatively small number of features, so it cannot fully play its advantages.
To sum up, the method proposed in this paper can maximize calculation accuracy on the
premise of ensuring calculation efficiency.

Table 4. Transformer fault diagnosis results with other common methods.

Number of The Proposed Method Method in Literature [9] Method in Literature [11]
Training Samples Efficiency  Accuracy  Efficiency Accuracy Efficiency Accuracy

30 24.6s 62% 31.8s 54% 417s 63%

40 28.7 s 67% 35.7 s 62% 48.1s 65%

50 32.1s 71% 395s 66% 559s 69%

60 35.6s 73% 45.6s 70% 62.4s 75%

70 409 s 78% 51.7 s 71% 70.6s 77%

80 465s 88% 552s 75% 754s 86%

5. Conclusions

A transformer is an important bridge for energy transmission and transformation in
power systems, which is of great significance for the safe operation of the system. In order
to realize the accurate diagnosis of transformer faults, a novel PSO-PNN diagnosis model
is proposed in this paper. Firstly, the types of transformer faults and existing diagnosis
methods are introduced and their shortcomings are analyzed. Then, the application of PNN
in transformer fault diagnosis is introduced, and the optimal smoothing factor is selected
through PSO. The effectiveness and feasibility of the proposed method are verified through
numerical analysis. In general, the advantages of the method proposed in this paper are
mainly reflected in the following two points: the accuracy of the PSO-PNN transformer
fault diagnosis model is about 10% higher than that of the traditional method and 5%
higher than that of the traditional PNN. In addition, the method proposed in this paper has
more advantages in practical application, especially in the case of fewer training samples.
Through the analysis of cases and comparison with traditional algorithms including BPNN,
traditional PNN, extreme learning machine and support vector machine, the proposed
method can obtain more accurate fault diagnosis results on the premise of ensuring the
efficiency of the solution.
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