
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

The prediction of the residual life of
electromechanical equipment based on the
artificial neural network
To cite this article: Yu L Zhukovskiy et al 2017 IOP Conf. Ser.: Earth Environ. Sci. 87 032056

 

View the article online for updates and enhancements.

You may also like
Real-time residual life prediction based on
kernel density estimation considering
abrupt change point detection
Weizhen Zhang, Hui Shi, Jianchao Zeng
et al.

-

Accuracy Degradation Model and Residual
Accuracy Life Prediction of CNC Machine
Tools Based on Wiener Process
Shilin Li, Yan Ran, Genbao Zhang et al.

-

Qualification tests of adhesive systems,
the assessment of the durability of glued
wooden structures
Aleksandr Chernykh, Tatyana Kazakevich,
Svetlana Kiryutina et al.

-

This content was downloaded from IP address 18.220.64.128 on 06/05/2024 at 16:47

https://doi.org/10.1088/1755-1315/87/3/032056
https://iopscience.iop.org/article/10.1088/1361-6501/ab8fed
https://iopscience.iop.org/article/10.1088/1361-6501/ab8fed
https://iopscience.iop.org/article/10.1088/1361-6501/ab8fed
https://iopscience.iop.org/article/10.1088/1757-899X/1043/3/032039
https://iopscience.iop.org/article/10.1088/1757-899X/1043/3/032039
https://iopscience.iop.org/article/10.1088/1757-899X/1043/3/032039
https://iopscience.iop.org/article/10.1088/1757-899X/896/1/012036
https://iopscience.iop.org/article/10.1088/1757-899X/896/1/012036
https://iopscience.iop.org/article/10.1088/1757-899X/896/1/012036
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstPZ7aTwKMiiVDTQXOLjN-hAqy9zyIRSwXzLBknddJWOD6ssJniPG5oQ8N5RMaujuak3xkZkW1aO6kJxF4f-2EGI88CbAK9zgdBL6ec4WRBNVGG7_-YMpaV0hO4NWbN1qRPO1to4ZBEDdlaw3F-smcTXMjXWpQWZgJZ9O5OTQHDvEHjKJ8gJ4wfE_sntwbT8G2msHByT5e-OQGS6Te5AGdsk6FRVsU9PpLmzFtTQibHydY46Z8Vx0qePAZMYmtXqRdWDrU_Jzpw-Z5UwDyn7LxnKYjB7Xicz_hCx_jG88FQ42BZZy4bvFmbeWtjD_JYEghamEyhC7FEF7zFSjBSc5N9bwt3HQ&sig=Cg0ArKJSzPyT2tZ_nhfq&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


IOP Conference Series: Earth and Environmental Science

PAPER

The prediction of the residual life of electromechanical equipment based
on the artificial neural network
To cite this article: Yu L Zhukovskiy et al 2017 IOP Conf. Ser.: Earth Environ. Sci. 87 032056

 

View the article online for updates and enhancements.

This content was downloaded by review_editors from IP address 109.123.148.101 on 17/10/2017 at 05:20

https://doi.org/10.1088/1755-1315/87/3/032056


1

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

1234567890

IPDME 2017 IOP Publishing

IOP Conf. Series: Earth and Environmental Science 87 (2017) 032056    doi   :10.1088/1755-1315/87/3/032056

 
 
 
 
 
 

The prediction of the residual life of electromechanical 
equipment based on the artificial neural network 

Yu L Zhukovskiy, N A Korolev, I S Babanova, A V Boikov  
 
St. Petersburg Mining University, 2, 21 Line of Vasilyevsky Island, St. Petersburg, 
199106, The Russian Federation  
 
Email: spmi_energo@mail.ru 

Abstract. This article is devoted to the prediction of the residual life based on an estimate of 
the technical state of the induction motor. The proposed system allows to increase the accuracy 
and completeness of diagnostics by using an artificial neural network (ANN), and also identify 
and predict faulty states of an electrical equipment in dynamics. The results of the proposed 
system for estimation the technical condition are probability technical state diagrams and a 
quantitative evaluation of the residual life, taking into account electrical, vibrational, indirect 
parameters and detected defects. Based on the evaluation of the technical condition and the 
prediction of the residual life, a decision is made to change the control of the operating and 
maintenance modes of the electric motors.        

1.  Introduction 
The modern trends in an industrialization, such as the introduction of the digital technology and the 
growth of the population in the large cities up to 2.5 billion people to 2050, will cause an increase in 
electricity demand by 80% compared to 2016. The role of smart energy is critically important for the 
whole world. A qualitative change, based on digital technologies, in global and local energy systems 
will increase electrical environmental friendliness and efficiency against the background of resource 
base limitations. The focus on effective production, rather than on maximum productivity, will 
become a new development strategy for mining branch [1]. Therefore, the issues of acquiring and 
processing large amounts of data, obtained during the life cycle of electromechanical equipment, are 
very important for estimation of the current state and the residual life of the using electromechanical 
equipment, and also for timely diagnostics of the emergency and pre-emergency operating conditions, 
and, of cause, for prediction the technical state based on machine learning [6]. 

The methods, based on the analysis of the observed electrical parameters (for example: current, 
voltage, power consumption and etc.) and vibration characteristics in the different points of the 
machines are most effective from the point of view of the practical implementation of diagnostic 
systems and help to diagnose up to 90% of the defects [9]. The measurement of electrical parameters 
is possible without direct access to the electrical equipment being diagnosed, as well as without the 
installation of primary measuring transducers in the immediate vicinity of it [2, 3, 4]. The 
effectiveness of these methods is based on the fact that any malfunctions of electrical machines and 
mechanisms associated with them ultimately lead to the emergence of electromagnetic field 
asymmetry, and, consequently, to a change in the spectral composition of currents and voltages [5, 7, 
10]. 

http://creativecommons.org/licenses/by/3.0
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Analysis of technical and technological conditions in the emergencies in the operation of 
technological equipment of enterprises of the mining industry shows that when developing the 
foundations for ensuring safe operation, it is necessary to take into account not only the technical 
condition, and the non-stationary operation of the process equipment and operational parameters of 
technological processes [1, 8]. Therefore, the issues of acquiring and processing data are very 
important for estimation of the current state and the residual life of the using electromechanical 
equipment, for timely diagnostics of emergency and pre-emergency modes of its operation.    

2.  The application of neural network prediction results for residual life estimation  
The emergence of powerful analytical tools, that allow to operate the accumulated data in a mode 
close to real time, opens up new possibilities in the area of maintenance and repair systems, and also 
controlling the using of equipment. In this case, each unit of electromechanical equipment is endowed 
with "intelligence" without the need for a unified intelligent automation system. 

The proposed approach to solving problems of increasing the accuracy and quality of the 
assessment of the state and residual life of electromechanical equipment is based on the analysis of 
data of systems for recording the quality of electrical energy, operating environment, vibration and 
electrical characteristics with using an artificial neural network. 

The determination of the probability of no-failure operation of electric motor under the condition of 
the retrospective database is based on the algorithm for predicting the probability of trouble-free 
operation of electric motor and on the work of ANN (the multilayer perceptron), that was described in 
the articles [11]).  

After determining the probability of failure and forming the matrix of the probabilities of defects 
by electric and vibration characteristics with a relative error of less than 5%, the estimate of the 
electromechanical equipment residual life, based on work of ANN, is made: 
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1K  is a coefficient that takes into account the states of the boundaries of the estimation of vibration 
parameters taking into account the detected defects at time t and depending on the normal, pre-crisis 
and crisis states; 

2K  is a coefficient that takes into account the states of the boundaries of the estimation of 
electrical parameters taking into account the onset (detection) of defects at time t and depending on the 
normal, pre-crisis and crisis conditions; 

3K  is a coefficient that takes into account the boundaries of the assessment of vibration 

parameters, taking into account the measured parameters and factors affecting the compilation of the 
residual resource forecast, at time t and depending on the normal, pre-crisis and crisis conditions; 

4K is a coefficient that takes into account the states of the boundaries of the estimation of electrical 
parameters, taking into account the measured parameters and factors influencing the compilation of 
the residual resource forecast, at time t and depending on the normal, pre-crisis and crisis conditions; 
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im  are predicted values of the probability estimate based on vibration and 

electrical parameters and ANN;  
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jiw∆ , jθ∆ – correction for weight coefficients and threshold levels, taking into account the 

calculated yield and comparison of the obtained output vector s
jy  with the reference s
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ε – rate of training ANN. 

3.  The estimation of the residual life based on the probabilistic technical condition of 
electromechanical equipment  
The results of the system work for diagnosing the technical condition and estimating the residual life 
of the electromechanical equipment are diagnostic graphs of the technical state probabilities (Figures 
1, 2, 3).  

Based on the results of processing parameters on the laboratory bench, the normal state of the unit 
was determined for all characteristics (Figure 1). The calculated value of the residual life, obtained by 
ANN and electrical, vibration and indirect parameters, and also the detected defects, was estimated in 
accordance with the limits, presented in Table 1. 

               Levels of an estimation of a residual life of the AC motor. 
 

Residual life 
indicator δ 

Description of technical state Release to service 

1<δ≤0.9             "Reference" state, there is no effect on performance Allow 

0.9<δ≤0.8 
"Normal" state, the impact on performance is not 

significant Allow 

0.8<δ≤0.6 
"Pre-crisis" state, the periodical comprehensive 

diagnosis and the reducing the load on the unit are 
recomended 

Allow after 
comprehensive 

diagnosis 

0.6<δ≤0 
"Crisis" state, it is the high probability of failure 
equipment, the maintenance and repair work are 

required 
Prohibit 

 
The artificial weakening of the mechanical fastening of the equipment led to the appearance of 

static and dynamic eccentricity and the emergence of these parameters in the pre-crisis zone, as a 
result, the estimation of the remaining resource corresponds to the level of the pre-crisis state (Table 
1). A number of other parameters also went out the boundary of the normal probabilistic technical 
state. 

Table 1.
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Figure 1. The diagram of the probabilistic technical state: the normal state 

In addition to the weakening of the mechanical fastening, an interturn closure, an asymmetry of the 
supply voltage and a bearing damage were artificially created. The presence of both electrical and 
mechanical inherent damage of the unit led to a violation of electromagnetic symmetry, as a result 
static and dynamic eccentricities began to rapidly move to the critical state zone, and as a result of 
significant vibrations, mechanical attenuation increased. Estimation of the residual resource after a 
long operation of the machine with artificially created defects corresponds to the level of the crisis 
state. The equipment is subject to withdrawal of the electric motor for repair. In this case, this method 
gives an accurate knowledge of what part of the machine we need to pay attention to in maintenance 
and repair work.  

 
Figure 2. The diagram of the probabilistic technical state: the pre-crisis state 
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Figure 3. The diagram of the probabilistic technical state: the crisis state 

4.  Conclusions 
The proposed method for estimating the residual resource, based on the forecast of the probability of 
occurrence of certain defects, will improve the accuracy of making decisions on the withdrawal of 
equipment for repairs, and will eliminate the costs associated with the unjustified shutdown of 
equipment as a result of failure or withdrawal to planned repairs in the absence of defects. 

The result information of the artificial neural network, based on vibration and electrical diagnostic 
characteristics of an electromechanical equipment, and probability technical state diagrams can be 
used as a visualization tool for the work of operators or maintenance personnel. 

The presented results were obtained as a part of scientific researches according to the contract № 
13.3746.2017 within the scope of the State task “The designing on the base of systematic and logic 
probability evaluations of rational and economically proved structure of centralized, autonomous and 
combined power supply systems with high reliability and stability level with usage of alternative and 
renewable power sources for uninterrupted power supply of enterprises with continuous technological 
cycle”. 
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