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Abstract. This article is devoted to the prediction of tlesidual life based on an estimate of
the technical state of the induction motor. Theppsed system allows to increase the accuracy
and completeness of diagnostics by using an aaificcural network (ANN), and also identify
and predict faulty states of an electrical equipimardynamics. The results of the proposed
system for estimation the technical condition arebpbility technical state diagrams and a
guantitative evaluation of the residual life, takimto account electrical, vibrational, indirect
parameters and detected defects. Based on theagwalwf the technical condition and the
prediction of the residual life, a decision is madechange the control of the operating and
maintenance modes of the electric motors.

1. Introduction

The modern trends in an industrialization, suchhasintroduction of the digital technology and the
growth of the population in the large cities u@2té billion people to 2050, will cause an increase
electricity demand by 80% compared to 2016. The ablsmart energy is critically important for the
whole world. A qualitative change, based on digiéahnologies, in global and local energy systems
will increase electrical environmental friendlinemsd efficiency against the background of resource
base limitations. The focus on effective productioather than on maximum productivity, will
become a new development strategy for mining brgaghTherefore, the issues of acquiring and
processing large amounts of data, obtained duhiadite cycle of electromechanical equipment, are
very important for estimation of the current statel the residual life of the using electromechdnica
equipment, and also for timely diagnostics of theeggency and pre-emergency operating conditions,
and, of cause, for prediction the technical statsed on machine learning [6].

The methods, based on the analysis of the obsexteetrical parameters (for example: current,
voltage, power consumption and etc.) and vibratibaracteristics in the different points of the
machines are most effective from the point of viefahe practical implementation of diagnostic
systems and help to diagnose up to 90% of the wef@el The measurement of electrical parameters
is possible without direct access to the electrézplipment being diagnosed, as well as without the
installation of primary measuring transducers i ttmmediate vicinity of it [2, 3, 4]. The
effectiveness of these methods is based on thdtati&any malfunctions of electrical machines and
mechanisms associated with them ultimately leadth® emergence of electromagnetic field
asymmetry, and, consequently, to a change in teetisph composition of currents and voltages [5, 7,
10].
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Analysis of technical and technological conditioims the emergencies in the operation of
technological equipment of enterprises of the ngnindustry shows that when developing the
foundations for ensuring safe operation, it is 8sagy to take into account not only the technical
condition, and the non-stationary operation of phecess equipment and operational parameters of
technological processes [1, 8]. Therefore, theessaf acquiring and processing data are very
important for estimation of the current state ahd tesidual life of the using electromechanical
equipment, for timely diagnostics of emergency predemergency modes of its operation.

2. The application of neural network prediction resultsfor residual life estimation

The emergence of powerful analytical tools, th&valto operate the accumulated data in a mode
close to real time, opens up new possibilitieshi; drea of maintenance and repair systems, and also
controlling the using of equipment. In this casa;teunit of electromechanical equipment is endowed
with "intelligence" without the need for a unifigdtelligent automation system.

The proposed approach to solving problems of irsingathe accuracy and quality of the
assessment of the state and residual life of eleeichanical equipment is based on the analysis of
data of systems for recording the quality of eleatrenergy, operating environment, vibration and
electrical characteristics with using an artifigi@ural network.

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

After determining the probability of failure andrfoing the matrix of the probabilities of defects
by electric and vibration characteristics with dafige error of less than 5%, the estimate of the
electromechanical equipment residual life, basedank of ANN, is made:

8= K, R (h) + K, TRE™ ™™ (m) + K, LRI ™ (h) +

+ K, DRI (m) = K, TF () (Aw, X, ~46)) + K, TF (3 (&w B, ~A8)) (1)

+K3EF(§:(AWH. X, —AHI.)+K4EF(§(AWH O, —A)

K, is a coefficient that takes into account the stafethe boundaries of the estimation of vibration

parameters taking into account the detected defdime t and depending on the normal, pre-crisis
and crisis states;

K, is a coefficient that takes into account the staié the boundaries of the estimation of

electrical parameters taking into account the oftetection) of defects at time t and dependinghen
normal, pre-crisis and crisis conditions;

K; is a coefficient that takes into account the baeuwie$ of the assessment of vibration

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

K, is a coefficient that takes into account the stafébe boundaries of the estimation of electrical

parameters, taking into account the measured p&esnend factors influencing the compilation of
the residual resource forecast, at time t and dipgron the normal, pre-crisis and crisis condgion

prelAN (hy, PPeAN (m) are predicted values of the probability estimateedl on vibration and
electrical parameters and ANN;

Avvij, A@,— correction for weight coefficients and threshiédels, taking into account the

calculated yield and comparison of the obtainegdnalulectory'jS with the referenceijs;
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¢ — rate of training ANN.

3. Theestimation of theresidual life based on the probabilistic technical condition of
electromechanical equipment

The results of the system work for diagnosing #ehhical condition and estimating the residual life
of the electromechanical equipment are diagnosaplts of the technical state probabilities (Figures
1,2,3).

Based on the results of processing parameterseolaoratory bench, the normal state of the unit
was determined for all characteristics (FigureThe calculated value of the residual life, obtaibgd
ANN and electrical, vibration and indirect paramsieand also the detected defects, was estimated in
accordance with the limits, presented in Table 1.

Tablel. Levels of an estimation of a residua &f the AC motor.

Residual life Description of technical state Release to service
indicatoro
1<6<0.9 "Reference" state, there is no effect on pedioce Allow
"Normal" state, the impact on performance is nat
<
0.95=0.8 significant Allow
"Pre-crisis" state, the periodical comprehensive
0.8<%<0.6 diagnosis and the reducing the load on the unit are Allow after_
e comprehensive
recomended diagnosis
"Crisis" state, it is the high probability of fait
0.6<0<0 equipment, the maintenance and repair work are Prohibit

required

The artificial weakening of the mechanical fastgnof the equipment led to the appearance of
static and dynamic eccentricity and the emergericthase parameters in the pre-crisis zone, as a
result, the estimation of the remaining resouraeesponds to the level of the pre-crisis state [@ab
1). A number of other parameters also went outbiinendary of the normal probabilistic technical
state.
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Figure 1. The diagram of the probabilistic technical stéte: normal state

In addition to the weakening of the mechanicaldaisty, an interturn closure, an asymmetry of the
supply voltage and a bearing damage were artifjcieated. The presence of both electrical and
mechanical inherent damage of the unit led to #&atian of electromagnetic symmetry, as a result
static and dynamic eccentricities began to rapidtve to the critical state zone, and as a result of
significant vibrations, mechanical attenuation @aged. Estimation of the residual resource after a
long operation of the machine with artificially ated defects corresponds to the level of the crisis
state. The equipment is subject to withdrawal efalectric motor for repair. In this case, this moek
gives an accurate knowledge of what part of thehingcwe need to pay attention to in maintenance
and repair work.
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Figure 2. The diagram of the probabilistic technical sttte: pre-crisis state
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Figure 3. The diagram of the probabilistic technical stéte: crisis state

4. Conclusions

The proposed method for estimating the residuaureg, based on the forecast of the probability of
occurrence of certain defects, will improve theusacy of making decisions on the withdrawal of
equipment for repairs, and will eliminate the coassociated with the unjustified shutdown of
equipment as a result of failure or withdrawal kanped repairs in the absence of defects.

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

The presented results were obtained as a partiafitdic researches according to the contpsct
13.3746.2017 within the scope of the State taske“@asigning on the base of systematic and logic
probability evaluations of rational and economiggtoved structure of centralized, autonomous and
combined power supply systems with high reliabitityd stability level with usage of alternative and
renewable power sources for uninterrupted poweplgulf enterprises with continuous technological
cycle”.
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