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Abstract. The paper considers the main issues of increasing the operational reliability of low-voltage 

asynchronous electric motors based on a set of studies performed using simulations in the Simulink Matlab 

software environment. The study defines the allowable operation of asynchronous electric motors under the 

influence of operational factors. We have conducted the analysis and discussion of the research results and 

suggested measures aiming to increase the operational reliability of asynchronous electric motors. 

1 Introduction 
 
The reliability of an electrical machine means its ability 

to reliably operate with unchanged technical parameters 

for a given period of time under certain modes and 

conditions of use, maintenance, storage, and 

transportation [1,2]. It should be noted that the 

performance and operational reliability of asynchronous 

electric motors (AM) depends not only on their design and 

manufacture quality, but also on their operating 

conditions. In real operation conditions of electric motors, 

depending on various factors, there is a significant 

deviation from the nominal operating conditions. 

Research and many years of operating experience [3-5] 

show that service life of electric motors is affected by 

climatic and electromechanical environmental factors; 

more than 50% of electric motors operate under 

conditions with parameters that are significantly different 

from the standardized ones as per the State Standards 

GOST R 51137-98 [6] and GOST IEC 60034 -1- 2014 [7].  

The analysis of studies [8-10] in operability and 

operational quality of an AM in various modes of 

operation, under various external effects, shows that, 

during operation, the AM service life is greatly affected 

by the supply voltage quality (more than 60% of failures), 

vibration, temperature and humidity of the ambient air 

(more than 20% of failures), the electric motor loading. 

The above factors determine the AM operational 

reliability, but only in aggregate, as the failure statistics 

[11,12] shows that electric motor failures are most often 

associated with several factors. That is why, when 

assessing operational reliability, we should take into 

account the combined effect of adverse factors, which will 

allow us to more accurately predict the real service life of 

electric motors, thereby providing the required level of 

AM reliability.  

The main goal of our study is to systematize the AM 

operating conditions under a simultaneous influence of 

several operational factors.  

The implementation of the suggested approach 

consists in a multi-factor analysis of the parameters of 

external factors affecting the electric motor load 

reliability. The concept of a system approach allows to 

address the problems of ensuring the safe and effective 

AM operation in a wide range of external factors.  

 

2 Materials and Research Methods 
 
The main goal of our study is quantitative evaluation of 

influencing factors in various operation modes of an AM 

with a squirrel-cage rotor using a virtual simulation 

implemented in a visually intuitive and efficient 

simulation tool – Simulink of the interactive 

programming environment Matlab, characterizing long-

term AM operation. 

The simulation diagram for studying the squirrel-cage 

AM operating modes, that has been generated using 

simulation tools in the Matlab/Simulink environment 

[13,14], is shown in (Fig. 1).   

The developed model allows to visually simulate the 

physical processes occurring in an AM, to study its 

performance and operational quality in various operation 

modes under various external effects. By changing the 

initial conditions and process parameters, we can observe 

changes in the AM simulation behavior of different series 

and capacities. 

The research has been carried out on an asynchronous 

electric motor with a squirrel-cage rotor AIR160S8 with 

Pn = 7.5 кW and a rated speed n = 1500 rpm [15]. 
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Fig.1. Simulation scheme implemented in Matlab/Simulink environment.

. 

General industrial asynchronous electric motors 

AIR160S8 are manufactured for the following operating 

conditions: 

- climatic version: U; 

- installation category: 2, 3; 

- operating mode: long-term, S1; 

- permissible ambient temperature: 40°C to -45°C;

- insulation class: Е, permissible AM winding 

temperature: 120°С;
- protection level: IP54, 55 (the content of non-

conductive dust in the air up to 100 mg/cu.m; the motor is 

protected from splashing water from any direction). 

As a result of statistical analysis of the time diagrams 

of changes in the value of K2U, based on experimental 

studies of the electrical energy quality indicators (EQI) in 

0.4 кV distribution networks [16, 17], we established that 

the most probable values of the continuous voltage 

unbalance duration are the values within the range of 5 to 

15 minutes.

Simulation of the physical processes of the AM under 

study has been carried out by changing the following 

parameters: 

– the voltage unbalance factor in the reverse sequence 

(K2U) – from 0 to 5 % with a pitch of 1 %;

– the load on the motor shaft (Kz) changed from 0 to

120 % with a pitch of 20 % at different values of K2U;

– the ambient temperature (tamb) changed from 40°С to
-40°С with a pitch of 10°С;  

– the voltage unbalance duration in reverse sequence 

(Т) – from 0 to 15 minutes with a pitch of 5 minutes. 

3 Research Results and Their 
Discussion 

Using the developed computer simulation, we have 

obtained the data of comprehensive influence of  

functionally unrelated parameters, based on which we 

have built analytical dependencies (Figs. 2-5), describing  

the relationship of external factors that determine the AM

operational reliability.  

Based on the obtained computer simulation results, we 

have built groups of planes that allow to visually assess 

the limits of acceptable external factors values. 

Fig. 2. Dependence of the AM windings temperature on 

external factors at various constant loading factors. 

Fig. 3. Dependence of the AM windings temperature on

external factors at various constant loading factors. 
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Fig. 4. Dependence of the ambient temperature on the AM

windings temperature at K2U = 0-5% with a constant value of 

the voltage unbalance duration. 

 
Fig. 5. Dependence of the ambient temperature on the AM

windings temperature K2U = 1%; K2U = 4% with various 

unbalance duration. 

Summarizing the experimental material has revealed 

the following patterns: 

1) the operational reliability is influenced not only by 

external factors that are directly related to the AM

operation (voltage unbalance, AM loading), but also by 

climatic factors (ambient temperature). Thus, at tamb =

30 °С, K2U = 4%, and Т = 10 min., the AM windings 

temperature exceeds the permissible operating 

temperature of the electric motor; whereas under the same 

conditions, but at tamb = 20°С, the AM windings 

temperature does not reach the permissible operating 

temperature of the electric motor; 

2) the voltage unbalance duration significantly

contributes to the cumulative negative effect of all factors.

E.g., at K2U = 1% and tamb = 37°С, at Т = 5 min., the AM

windings temperature is 115°С; whereas under the same 

conditions, but at Т = 10 min., the AM windings 

temperature is 118°С; at Т = 15 min., the AM windings 

temperature is 122°С; 

3) the AM loading is a factor in the operational 

reliability of electric motors. E.g., at Kz = 100 %, K2U =

1%, Т = 10 min., at tamb = 40°С, a stable operation of the 

electric motor will be provided. Upon exceeding the AM

loading value Kz = 100 %, we need to adjust one of these 

factors, taking into account the real operating conditions; 

4) a significant decrease in AM reliability occurs at 

K2U exceeding 4%. To prevent overheating and premature 

failure of the AM, we need to change one or more of the 

factors under study. E.g. at K2U = 3%, Т = 10 min., tamb =

34°С, Kz = 88 %, the AM windings insulation starts to 

overheat; therefore, we should reduce AM loading by at 

least 10%; 

5) it is advisable to show the influence of several 

factors on the operational reliability of AMs by ranking 

these factors according to their contribution (weight) 

value. Using the Steinhaus-Ford-Johnson algorithm [18], 

we obtained the following ranking in descending order of 

contribution: the greatest influence of the investigated 

factors is exerted by the voltage unbalance; the next factor 

is AM loading; then, the voltage unbalance duration; and 

the least influence is due to the ambient temperature. The 

ranking of factors is based on the AM windings 

temperature range depending on the influence of the 

factors under study.  

Fig. 6. Range of admissible values of the factors under study.

The graphical dependence plotted in (Fig. 6) describes 

the set of possible AM operation modes with various 

values of external factors. The plane shown in the graph 

illustrates a set of boundary points of acceptable AM

operation, such as Kz = 100 %, K2U = 5 %, tamb = 40°С.
The optimal AM operating mode at various values of 

external factors is one of the points of the plane, e.g., at

tamb = 30°С and tamb = 40°С, the optimal AM operating 

mode will be individual. Despite the fact that the range of 

permissible values is theoretically large, under real AM

operating conditions, it will be significantly reduced 

depending on the specifics of the process involving an 

electric motor.  
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Therefore, based on a set of studies performed using 

simulations in the Simulink Matlab software 

environment, we have formulated the main conclusions: 

1) the effect of unfavorable factors significantly 

reduces the reliability of asynchronous electric motors; 

2) our research shows the need for a small 

underloading of AMs in the design and operation of 

facilities involving an electric motor load, to create a 

damper for neutralizing the negative effects of external 

factors; 

3) the corridor of temperature fluctuations of 

windings, with a change in the voltage unbalance and (or) 

in its duration, reaches 20°С, which means that, even with 

an AM underload, measures should be provided to reduce 

the voltage unbalance, if facilities are located in the 

influence area of a powerful and sharply variable 

unbalanced load; 

4)  the experimental research has shown that the 

combined effect of external factors significantly exceeds 

that of one factor; 

5) the quantitative analysis of external influencing 

factors plays a key role in the implementation of 

engineering solutions (means and methods), aimed at 

increasing the reliability of asynchronous electric motors. 

The systematization of the AM operating conditions 

with the simultaneous influence of a group of operational 

factors shows that, to ensure reliable operation of electric 

motors, simultaneous excess of the following factors shall 

be avoided: Kz = 100 %, tamb = 40°С, K2U = 4 %, at Т = 10 
min. A short-term excess of one of these factors by 20% 

of the critical value is allowed. 

Conclusion 

The efficient use of electrical machines is largely 

dependent on their operational reliability. That is why the 

analysis of the operational factors impact on the AM

reliability, which is a quantitative assessment of the 

parameters of external effects, allows to assess the actual 

contribution of each of these parameters, to determine the 

permissible operation range of asynchronous electric 

motors, and, additionally, to develop engineering 

solutions that ensure long-term operation of electric 

motors with the maximum probability of their trouble-free 

operation.
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