
1 
 

 
  



2 
 

 Международный научно-образовательный  

электронный журнал  

«ОБРАЗОВАНИЕ И НАУКА В XXI ВЕКЕ» 

                                                               

 

 

ISSN 2782-4365 

УДК 37 

ББК 94 

 

Международный научно-образовательный электронный журнал 

«ОБРАЗОВАНИЕ И НАУКА В XXI ВЕКЕ». Выпуск №43-2 (октябрь, 2023). 

Дата выхода в свет: 09.10.2023. 

 

Сборник содержит научные статьи отечественных и зарубежных авторов по 

экономическим, техническим, философским, юридическим и другим наукам. 

Миссия научно-образовательного электронного журнала «ОБРАЗОВАНИЕ И НАУКА 

В XXI ВЕКЕ» состоит в поддержке интереса читателей к оригинальным исследованиям и 

инновационным подходам в различных тематических направлениях, которые способствуют 

распространению лучшей отечественной и зарубежной практики в интернет пространстве.   

Целевая аудитория журнала охватывает работников сферы образования (воспитателей, 

педагогов, учителей, руководителей кружков) и школьников, интересующихся вопросами, 

освещаемыми в журнале. 

Материалы публикуются в авторской редакции. За соблюдение законов об 

интеллектуальной собственности и за содержание статей ответственность несут авторы 

статей. Мнение редакции может не совпадать с мнением авторов статей. При использовании 

и заимствовании материалов ссылка на издание обязательна. 

  

 

© ООО «МОЯ ПРОФЕССИОНАЛЬНАЯ КАРЬЕРА» 

© Коллектив авторов



3 
 

РЕДАКЦИОННАЯ КОЛЛЕГИЯ: 

 

Пестерев С.В. – гл. редактор, отв. за выпуск  

Артикова Мухайохон Ботиралиевна                                    доктор педагогических наук, доцент 

Ахмедов Ботиржон Равшанович                доктор философии в филолог. науках (PhD), доцент 

Батурин Сергей Петрович                                        кандидат исторических наук, доцент 

Бекжанова Айнура Мархабаевна              доктор философии по педагог. наукам (PhD), доцент 

Боброва Людмила Владимировна                                          кандидат технических наук, доцент 

Богданова Татьяна Владимировна                                  кандидат филологических наук, доцент 

Демьянова Людмила Михайловна                                        кандидат медицинских наук, доцент 

Еремеева Людмила Эмировна                                                кандидат технических наук, доцент 

Жуманова Фатима Ураловна                                             кандидат педагогических наук, доцент 

Засядько Константин Иванович                                          доктор медицинских наук, профессор 

Колесников Олег Михайлович                           кандидат физико-математических наук, доцент 

Коробейникова Екатерина Викторовна                            кандидат экономических наук, доцент 

Ланцева Татьяна Георгиевна                                              кандидат экономических наук, доцент 

Нобель Артем Робертович                                                     кандидат юридических наук, доцент 

Ноздрина Наталья Александровна                                    кандидат педагогических наук, доцент 

Нуржанов Сабит Узакбаевич              доктор историч. наук (dsc), старший научный сотрудник 

Павлов Евгений Владимирович                                           кандидат исторических наук, доцент 

Петрова Юлия Валентиновна                                             кандидат биологических наук, доцент 

Попов Сергей Викторович                                                  доктор юридических наук, профессор 

Расулходжаева Мадина Ахмаджоновна   доктор философии по педагог. наукам (PhD), доцент 

Рахматова Фотима Ганиевна                     доктор философии по педагог. наукам (PhD), доцент 

Таспанова Жыгагул Кенжебаевна             доктор философии по педагог. наукам (PhD), доцент 

Табашникова Ольга Львовна                         кандидат экономических наук, доцент 

Тюрин Александр Николаевич                                         кандидат географических наук, доцент 

Уразова Лариса Карамовна                                                   кандидат исторических наук, доцент 

Усубалиева Айнура Абдыжапаровна                             кандидат социологических наук, доцент 

Фаттахова Ольга Михайловна                               кандидат технических наук, доцент 

Хожиев Шохрух Тошпулатович       доктор философии (PhD) по техническим наукам, доцент 

Худайкулов Хол Джумаевич                                           доктор педагогических наук, профессор 

Эшназаров Журакул                                                     кандидат педагогических наук, профессор 

Эшназарова Фарида Журакуловна                                 доктор философии по философии (PhD) 



ANALYSIS OF MOTOR FAULTS AND PROTECTION DEVICES 

 

Andijan machine-building institute, Teacher E.E.Abdurashidov 

 

Abstract. 

It is important to know and to understand motor failures and faults to define 

the most suitable protection devices for each case. You also must know 

about important terms related to motor control and protection.Being non-static 

machines motors are subjected to electrical and mechanical stress.  

Key words:  bearing failure, insulation breakdown, overload, phase imbalance, 
overcurrent, LV motors, HV motors, MV motors, vibration sensors. 

Motor failures come in three basic types: electrical, mechanical and mechanical 

that progresses into electrical. 

Common types of motor failure and faults are: 

 Bearing failure 

 Insulation breakdown 

 Locked rotor 

 Overheating 

 Overloads (electrical and mechanical) 

Phase imbalance and any voltage imbalance will lead to an even higher current 

unbalance. 

 Running in reverse 

 Shaft misalignment 

 Vibration 

Overheating can occur from undersizing the motor, insufficient cooling at low 

speed when using variable speed drives (VSD), changes to the load on the motor such 

as jammed equipment and hot ambient conditions. Insulation breakdown, leading 

to burnt windings, imply short-circuit either within the motor or within the power 

supply circuit for the motor, and may be caused by overheating, overloads and 

overvoltages. About 80% of electrical motor failures are a result of winding damage in 

the motor stator and bearing faults. Bearing failure on motors can be an indication of 

the incorrect bearings for the application. A motor mounted vertically needs different 

bearings then a motor horizontally mounted. A motor driving a large or multi-belt 

drive will require bearings that handle big radial loads. A motor bolted to a distorted 

base plate will twist. 

Bearings are usually small compared to other major motor components, making 

them particularly vulnerable to damage and wear; some studies blame more than half 

https://www.electricaltechnology.org/2014/07/important-terms-definitions-related-motor-control-protection.html
https://www.electricaltechnology.org/2015/10/electrical-drives-ac-drives-vfd-dc-drives.html#classification_of_ac_drives
https://www.electricaltechnology.org/2020/05/single-phase-induction-motor.html


of all motor failures on bearing malfunction, most of which result from too little or too 

much lubrication. Another significant cause of bearing failure is misalignment. 

Shaft misalignment will destroy bearings well before their full working life. 

The motor shaft must be directly in-line with the shaft it is driving what can only be 

achieved using precision alignment techniques such as laser. 

Other problems that may occur with motors are: 

 Water and dust ingress into the stator coils or the terminal housing leading to 

short-circuits 

 Soft foot motor feet bolted down out of level 

 Wrong motor mounting or housing type 

 Electrical or mechanical unbalance 

Noise indicates motor problems but ordinarily does not cause damage. Noise, 

however, is usually accompanied by vibration. Vibration can cause damage in several 

ways. It tends to shake windings loose and mechanically damages 

insulation by cracking, flaking or abrading the material. Embrittlement of lead wires 

from excessive movement and brush sparking at commutators or current collector rings 

also results from vibration. Finally, vibration can speed bearing failure by 

causing balls to “brinnell” sleeve bearings to be pounded out of shape or the housings 

to loosen in the shells. Whenever noise or vibrations are found in an operating motor, 

the source should be quickly isolated and corrected. What seems to be an obvious 

source of the noise or vibration may be a symptom of a hidden problem. Therefore, a 

thorough investigation is often required. Noise and vibrations can be caused by 

a misaligned motor shaft or can be transmitted to the motor from the driven machine 

or power transmission system. They can also be the result of either electrical or 

mechanical unbalance in the motor. Electrical unbalance occurs when the magnetic 

attraction between stator and rotor is uneven around the periphery of the motor. This 

causes the shaft to deflect as it rotates creating a mechanical unbalance. Electrical 

unbalance usually indicates an electrical failure such as an open stator or rotor 

winding, an open bar or ring in squirrel cage motors or shorted field 

coils in synchronous motors. An uneven air gap, usually from badly worn sleeve 

bearings, also produces electrical unbalance. The chief causes of mechanical 

unbalance include a distorted mounting, bent shaft, poorly balanced rotor, loose parts 

on the rotor or bad bearings. Noise can also come from the fan hitting the frame, 

shroud, or foreign objects inside the shroud. If the bearings are bad, as indicated 

by excessive bearing noise, it is necessary to determine why the bearings failed. 

Another problem motors can face is a long start time. If a motor is subjected 

to many successive starts, the rotor windings or rotor bars can be heated up to a point 

where the electrical connections between the rotor bars and the end rings are damaged. 

Motor Protection Devices 

 No matter what rated voltage and size motors have they are protected against 

overcurrents (short-circuit) and overloads. 



 Small and medium size LV motors are usually only protected against overloads 

and short-circuits and large LV motors and MV motors have also other 

protections. 

 Overload and overcurrent protections must be designed to be insensitive to in-

rush currents at starting time, to avoid untimely power interruption. 

 For LV motors the protection against overcurrents and short-circuits can be 

performed by fuses, associated to switch-disconnectors or instantaneous trip 

circuit breakers that respond to immediate (almost instantaneous) values of 

current from a short circuit, ground fault, or locked rotor current. 

 Inverse time circuit breakers have both thermal and instantaneous trip 

features and are preset to trip at standardized levels. 

This is the most common type of circuit breaker used in the building trades for 

residential, commercial, and heavy construction. The thermal action of this circuit 

breaker responds to heat. If a motor’s ventilation inlets and outlets are not adequate to 

dissipate heat from the windings of the motor, the heat will be detected by the thermal 

action of the circuit breaker If short-circuit should occur, the magnetic action of 

the circuit breaker will detect the instantaneous values of current and trip the circuit 

breaker. Fuses usually are not suitable for the protection against overloads, because 

if sized to provide overload protection, they would blow when the motor starts due to 

high motor inrush current, although they can be used as an overload back-up 

protection. Protection with fuses presents the risk of single-phasing damage to the 

motor when only one fuse blows unless single-phase protection is provided; this 

subject will be discussed later on this chapter. Large size LV motors and MV 

motors are protected against short-circuits (phase-to-phase and phase-to-earth) 

by overcurrent relays (50; 50N; 51; 51N) connected to CT. 

The protection against overloads is normally assured by thermal overload relay. 

This relay can be of the following types: 

Bi-metallic Strip 

A thermal overload protection will accommodate the brief high starting current 

of a motor while accurately protecting it from a running current overload. The heater 

coil and the action of the bi-metallic strip introduce a time delay that affords the motor 

time to start and settle into normal running current without the thermal overload 

tripping. Thermal overloads protections can be manually or automatically 

resettable depending on their application and have an adjuster that allows them to 

be accurately set to the motor run current. 

 Ambient temperature in which a starter and motor is located must be 

considered when selecting bi-metallic strip relays because a high ambient 

temperature reduces overload trip time. 

 Reduced overload trip time can lead to nuisance tripping if a motor is located in 

a cooler ambient temperature than the starter and leads to motor burnout when 

the motor is located in a hotter ambient temperature than the starter. 

https://www.electricaltechnology.org/2020/03/overcurrent-overload-overvoltage.html
https://www.electricaltechnology.org/2015/03/high-inrush-current-in-capacitor-switching-and-ways-to-prevent-it.html
https://www.electricaltechnology.org/2015/03/high-inrush-current-in-capacitor-switching-and-ways-to-prevent-it.html
https://www.electricaltechnology.org/2018/02/short-circuit-currents-and-symmetrical-components.html
https://www.electricaltechnology.org/2014/11/fuse-types-of-fuses.html
https://www.electricaltechnology.org/2018/03/current-transformer-ct-types-applications.html
https://www.electricaltechnology.org/2012/02/why-we-need-to-install-starter-with.html
https://www.electricaltechnology.org/2012/02/why-we-need-to-install-starter-with.html
https://www.electricaltechnology.org/2020/02/motor-starter.html


 Most thermal overload devices are rated for use at a maximum temperature of 40 

ºC, and a derating of the relay may be required. 

 Most relays are adjustable over a range from 85% to 115% of their value. 

 Some models are available with ambient compensation. An ambient compensated 

devices trip point is not affected by ambient temperature and performs 

consistently at the same value of current. 

This type of relays is commonly used on low and medium size LV motors. 

Standards and manufacturers’ data usually show recommended regulation set-

point of this type of relays in accordance with rated power of the motor; same tables 

also show recommended rated currents of fuses (aM or gG type – see Section 2.4) 

and instantaneous circuit breakers that are associated to the relays for overcurrent 

protection, as shown in Table 3. 

Table 1 – Rated fuses current for motor protection 

 

Electronic Digital Overload Relays 

This type of protection is used for large LV motors and HV motors, and contains 

a microprocessor. These devices may model the heating of the motor windings by 

monitoring the motor current and they can also include metering and communication 

functions. 

https://www.electricaltechnology.org/2018/12/what-is-relay-different-types-of-relays-its-operation-applications.html
https://www.electricaltechnology.org/wp-content/uploads/2018/02/Rated-fuses-current-for-motor-protection.png
https://www.electricaltechnology.org/wp-content/uploads/2018/02/Rated-fuses-current-for-motor-protection.png
https://www.electricaltechnology.org/2020/05/types-of-microprocessors.html


Common protection of large LV motors and MV motors is usually done by the 

following protection devices: 

 Overload protection: 49 

 Instantaneous phase overcurrent: 50 

 Instantaneous earth overcurrent: 50N/50G 

 Time delay phase overcurrent: 51 

 Time delay earth overcurrent: 51N/51G 

In some situations it is not recommended to protect motors against overloads; that is 

the case of fire fighting water pumps and smoke exhaust fans. 

Very large LV motors and MV motors are expensive, and it is usually wise to 

provide more comprehensive protection schemes. Such schemes include: 

 Bearing temperature monitors and protection (38) 

 Differential protection (87M) 

 Incomplete start sequence / long start time protection (66) 

 Negative phase sequence (phase reversal protection) 

 Overheating protection 

 Phase unbalance or phase failure protection (47) 

 Stall or locked rotor protection 

 Under and over voltage protection (27 and 59, respectively) 

 Vibration monitors and protection (39) 

 Winding temperature monitors and protection devices 

Differential Protection for LV & HV Motors 

Differential protection is often provided for medium and large size motors with supply 

voltages of greater than about 4 kV, and electrically operated (shunt trip) circuit 

breakers. The differential protection provides high speed direction and clearance of 

faults on the motor stator windings. 

Also read: How to calculate the Cable size for LT & HT Motors 

Where the power supply system is solidly grounded the differential protection 

will detect both phase-to-phase and phase-to-ground faults. With differential 

protection the current at each end of each winding is compared to determine when a 

fault condition exists. This function requires two sets of CT, one at beginning of the 

motor feeder, and the other at the star point. The differential protection function can 

only be used if both sides of each stator phase are brought out of the motor for external 

connection such that the phase current going into and out of each phase can 

be measured. The differential element subtracts the current coming out of each phase 

from the current going into each phase and compares the result or difference with the 

differential pickup level. If this difference is equal to or greater than the pickup level a 

trip will occur. 

https://www.electricaltechnology.org/2019/07/mcb-mccb-elcb-rcb-rcd-rccb-rcbo.html
https://www.electricaltechnology.org/2019/07/mcb-mccb-elcb-rcb-rcd-rccb-rcbo.html
https://www.electricaltechnology.org/2017/07/cable-size-calculation-for-lt-ht-motors.html


 

Figure 1 – Motor differential protection 

Using six CT in a summing configuration, during motor starting the values from 

the two CT on each phase may not be equal as the CT are not perfectly 

identical and asymmetrical currents may cause the CT on each phase to have different 

outputs. 

To prevent nuisance tripping in this configuration, the differential level may 

have to be set less sensitive, or the differential time delay may have to be extended to 

ride through the problem period during motor starting. The running differential 

delay can then be fine tuned to an application such that it responds very fast and 

is sensitive to low differential current levels. Windings overheating protection is 

usually done with Resistance Temperature 

Detectors (RTD) and thermistor and automatic shut down devices can be installed. 

Attaching a separate booster fan to aid the motor fan solves the overheating 

problem when a VSD is used to control the motor speed. 

Incomplete start sequence / long start time causes rotor overheating. 

As it is not possible to physically measure the heat of the rotor on squirrel-cage 

motors is necessary to determine the heat by measuring the current the rotor is drawing 

through the stator to excite the rotor. A thermal replica of the rotor is established using 

an I2t curve. The restart inhibit will block the user from starting the motor if the relay 

determined that the rotor reached a temperature that will damage the rotor should a 

start be attempted. The relay will thus only allow a restart if the rotor has a sufficient 

thermal reserve to start. Bearing protection is usually performed by RTD and 

thermistor to monitor the temperature. Vibration 

protection uses sensors/accelerometers that are typically placed at key locations on 

https://www.electricaltechnology.org/2014/06/starting-stopping-3-phase-motor-more-than-one-place-power-control-diagram.html
https://www.electricaltechnology.org/2020/05/speed-control-dc-motor.html


the motor and bearings. Since the bearings are the load carrying part of the mechanical 

drive train, accelerometers should be placed on the input and output. 

Figure 20 shows an example of vibration sensors and recommended locations. 

 

Figure 2 – Motor vibration sensors 

Nowadays IED that group all required protection functions are commonly used 

for large LV motors and MV motors. 
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