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Abstract. The safety, stability and reliability of electrical equipment are directly related to the 

operation of the electrical system. Discovering various electrical equipment problems and 

effective treatment of the problem without delay will minimize the probability of electrical 

equipment failure. In electrical equipment monitoring and maintenance, Application of real-

time monitoring is one of the most important elements. Real-time monitoring node can detect 

equipment failure promptly which will avoid the expansion of accident caused by the long test 

period or manual inspection. Working time of online monitoring nodes is limited by power 

consumption of node itself. Application of routing protocol can optimize energy consumption 

and extend working time of nodes. 
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1. Introduction 

In most cases, equipment condition monitoring in power grid is acquired by the staff when the 

equipment is out of power. It is generally considered that equipment condition assessment is the basis 

of condition-based maintenance, that is, the accuracy of condition assessment can affect the 

subsequent maintenance decisions. Based on the results of condition evaluation, maintenance 

decision-making needs to fully consider the security and economy of the power grid, coordinate the 

maintenance resources, so as to determine the next time and mode of maintenance, and at the same 

time make a good maintenance plan in advance[1]. 

How to accurately and effectively evaluate the status of the transformer in operation is one of the 

hot issues in current research. At present, many evaluations are based on the evaluation model of the 

status obtained from routine inspection and preventive test, so as to judge the working status of the 

transformer. At present, many research work evaluation models only focus on qualitative evaluation, 

and there is no detailed distinction between the relative merits and demerits, and no accurate and 

reliable state evaluation system and standards, which are not conducive to the implementation of state 

assessment and condition maintenance work[2]. 

2. Current situation 

With the development of sensor technology, on-line monitoring is widely used in condition monitoring 

of power equipment[3]. By using real-time data acquired from on-line monitoring in condition 

evaluation, a quantitative index system is established by fusing multi-source data, thus fully reflecting 

the operation status of transformers. 

http://creativecommons.org/licenses/by/3.0
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Due to the large number of insulation and other state variables of transformer equipment and the 

complexity of various influencing factors, so far no unified and scientific state evaluation index 

system has been established. At the same time, existing index systems usually contain quantitative and 

qualitative indicators, and no unified and effective quantitative method has been formed. Now some 

research results have been applied to the comprehensive evaluation of insulation operation status of 

transformers, but because the uncertainty of evaluation indicators is not taken into account, the 

accuracy of the evaluation results of insulation operation status of transformers is very low [4-6]. 

On-line monitoring technology refers to installing customized sensors in specific parts of the 

equipment without power supply, continuously or regularly sensing the condition of the equipment, 

and displaying the status of the equipment after certain processing of the monitoring data. Due to the 

important role of transformer in power grid, the current transformer online monitoring technology is 

relatively mature, and a large number of transformer online monitoring sensors have been deployed.  

At present, the basic framework of the on-line monitoring technology for power transformers can 

be expressed as shown in the following figure 1. 
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    Sensors used to monitor the state variables of power transformers are usually embedded in the 

transformer or installed on the surface of the transformer shell[7]. The sensors convert all kinds of 

signals collected into electrical signals for subsequent processing and analysis. As a part of on-line 

monitoring which contacts directly with transformer body, the performance of sensor will directly 

determine the effectiveness of the whole on-line monitoring system. Data acquisition system is 

responsible for collecting electrical signals from sensors[8-9]. Before data acquisition, the signal needs 

to be preprocessed. The purpose is to adjust the amplitude of the signal and filter the interference 

signal. After pretreatment, the signal is D/A converted, and then the signal is transmitted to the data 

processing and analysis system of the main station through optical fiber or wireless transmission. 

Transformer is one of the most widely used power equipments in on-line monitoring technology 

because of its complex structure and numerous accessories. Among many on-line monitoring 

technologies for power transformers, on-line monitoring technology for dissolved gases in oil is the 

earliest research and the most mature one in practical application. 

At present, the parameters of most on-line monitoring devices are relatively single, without strong 

pertinence. Generally, only one parameter is monitored by one monitoring device. However, when 

evaluating the on-line status of transformers, it is necessary to use multiple parameter information to 

synthetically determine. Therefore, it is usually necessary to use multiple on-line monitoring device 

information in order to realize data complementation and improve the performance of transformers. 

Accuracy of information acquisition. 

Commonly used on-line monitoring devices are limited to the alarm function of over-limit 

indicators and do not have intelligence. They also need professional and technical personnel to analyze 

the original data monitored. Integrative research on monitoring and diagnosis is needed to form an 

intelligent operation and maintenance system for transformers, which can display the current operation 

Figure 1. Basic Framework of Online Monitoring Technology 
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status of transformers in real time and give corresponding operation and maintenance suggestions 

according to the on-line monitoring information. 

3. Fusion Evaluation Framework of Transformer Online Monitoring Data and Test Data 

Transformer equipment in power grid is a very complex system, which is used to represent the state 

information of transformer operation. A single state information can only reflect the state of one aspect 

of transformer. For example, transformer winding deformation test can only check whether there is 

deformation or displacement caused by external force or short circuit; insulation paper polymerization 

test can only reflect the aging of insulation paper, so as to evaluate its life. Because there are a lot of 

uncertainties and fuzziness in the relationship between each single state variable, it is difficult to 

evaluate and diagnose power transformer effectively and accurately only through one or two detection 

data. 

In order to accurately evaluate the operation status of transformer and find its potential faults in 

time, it is necessary to use the powerful data processing and decision-making ability of multi-

dimensional information fusion technology to comprehensively process various monitoring data 

reflecting all aspects of transformer status. Therefore, it is necessary to screen out comprehensive and 

reasonable monitoring and evaluation indicators according to various regulations and expert 

experience, and establish a perfect and feasible condition evaluation system for power transformers. 

Figure 2 shows power transformer evaluation and diagnosis architecture diagram. 

In the data processing module, firstly, using multi-dimensional information fusion technology, 

referring to various transformer operation and maintenance regulations, expert experience, select 

appropriate, real and effective monitoring quantity to reflect transformer condition, and establish 

transformer condition monitoring system. Under the guidance of supervisory system, suitable, 

economical and effective monitoring technology is selected to carry out data analysis of transformers, 

and the best monitoring data are analyzed and processed in a unified dimension to establish a set of 

samples. 

In the data assessment module, according to the normalized data transmitted from the data 

processing module, the evaluation and analysis are carried out. By establishing an appropriate state 

evaluation method and evaluation system, the current operation status of transformer is analyzed in the 

acceptable range. If it is within the acceptable range, the corresponding maintenance and repair plan is 

formulated according to its operation status. If it is beyond the limit, the evaluation will be made. The 

results and the corresponding data are transmitted to the diagnosis module to diagnose the transformer 

accurately. 
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Figure 2. Power Transformer Evaluation and Diagnosis Architecture Diagram 

4. Selection of state quantity indicators 

Because there are many indexes that can reflect the real-time operation status of transformers, and they 

reflect the advantages and disadvantages of the operation status of transformers at different levels and 

degrees. Only by establishing a reasonable and scientific transformer monitoring index system can the 

power transformer be evaluated and diagnosed more accurately and effectively. Because transformer 

manufacturers, manufacturing materials, internal structure will be different, especially in the capacity 

and voltage level differences, will lead to different indicators that can affect the evaluation. In order to 

evaluate more pertinently, this paper mainly chooses 220kV transformer, which has a large number of 

equipment data. 

Transformer Test Indicators 

Transformer test indexes include factory test, routine test and diagnostic test. Frequent tests include 

infrared detection, dissolved gas analysis in oil, winding resistance, core insulation resistance, winding 

dielectric loss factor, etc. 

Online monitoring indicators 
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On-line monitoring data is usually high frequency, which can reflect the operation of equipment 

more quickly. The commonly used indicators are oil chromatographic indicators, micro-water content 

in oil, partial discharge, winding temperature and winding resistance. Figure 3 shows the deduction 

process of each state quantity. 
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Figure 3. The deduction process of each state quantity 

5 .A TYPICAL CASE 
Taking two 220kV transformers as examples as shown in table 1, the models are SPSF7-150000/220 

and SZ11-50000/220, which have been running for 20 and 13 years respectively. The operation and 

test data of the two transformers are shown in the table. 
TABLE 1. Datas  of  two 220kV transformers 

Data type 
Core Ground 

Current 

Neutral point 

DC 
H2(ul/l) C2H2(ul/l)  ∑TH Ci(ul/l) H2O (mg/L) 

 Nomal test 0.04 0.21 8.7 0 27.1 8 

Online  0.02 0.14 12.3 0.2 25.6 11 
variation 

trend 

Core Ground 

Current  

Neutral point 

DC 

 

H2 

 

C2H2  ∑TH Ci  H2O 

 

Online  1% 2% 1% 3% 8% 17% 

If using the general evaluation method, the status of two transformers will be evaluated as normal, 

but after the application of on-line monitoring data, the status of two transformers can be divided into 

16 single deductions, which are evaluated as attention status according to the criteria. Equipment 

operators will also adjust the equipment to a state of attention after on-site inspection and verification, 

and strengthen later inspection. 
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6. Conclusion 

Power transformer is an important equipment in power grid, its operation status will greatly affect the 

stability and reliability of power grid. In this paper, the impact of the new technology is analyzed in 

view of the extensive application of on-line monitoring devices in power grids. The monitoring data 

are further processed and the on-line monitoring data and test data are integrated and evaluated in-

depth, so that the working status of transformer equipment can be more accurately evaluated. 
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