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FAULT DETECTION OF INDUCTION MOTORS
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Abstract. In this work described method of fault detection of induction motors. Induction motors are broadly utilized
in numerous mechanical applications. Subsequently, it is exceptionally imperative to monitor and detect any faults
during their operation in arrange to alarm the administrators so that potential issues can be avoided before they
happen. In common, a fault within the acceptance motor causes it to induce hot amid its operation. This paper
presents a developed protection method algorithm that uses unbalanced power components and simulates the
overall design based on the Matlab Simulink. Three-phase voltage and current data are observed first, followed by
signs of unbalanced power, according to the digital relay safety algorithm. The relay then uses a negative sequence
reactive power sign to decide if the fault is internal or external. A negative sign for negative sequence reactive power
indicates a fault inside the motor, while a positive sign indicates a fault outside the motor.
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OBHAPYXEHWUE HEMCITPABHOCTEN ACUHXPOHHBIX JIBUTATEJIEN

ECEHOBAT. C.

Kaszaxcmancko-bpumanckuti mexuuyeckuil ynugepcumem, 050000, Armamuol, Kazaxcman

Annomauusa. B oannoii pabome onucan memoo 0OHAPYI*HCEHUS. HEUCNPABHOCMEN ACUHXPOHHBIX 08ucamenell.
Acunxponnvie 0gueamenu WUPOKO UCNOTLIVIOMCS 80 MHOUX MeXAHUYecKux npunodxcenusx. CnedosamensHo,
KpatiHe 8Ad%CHO OMCIeNCUBAMb U 0OHAPYI’CUBAMD 1H00ObIe cOOU 80 8peMs Ux pabomol, ymoobwvl npedynpeoums
AOMUHUCMPAYUIO, YMOOBL MONCHO OBLIO U30eXHCamb NOMEHYUATbHBIX NPodIeM 00 UX 803HUKHOBeHUs. OObIUHO
HeUCnpagHoCms 6 NPUEMHOM Ogueamene 8bl3bl8aen Hazpes 80 8peMs pabomsl. dmom mesuc obecnequsaem
Dpaspabomanublil aneopumm Memood 3auumaol, KOMopslil UCNONIb3Yen HeCOANaHCUPOBAHHYIO COCMABIAIOWYIO
MOWHOCMU U MOOenuposanue ece2o npoekma Ha ocnose Matlab Simulink. Coenacno ancopummy yugposoii
PpeneiHoll 3auumsl, 80-nNepevix, HAOMOOAOMCA OaAHHble MPEeXPA3Ho20 HANPAICEHUS U MOKA, NOCLe Ye2o
obnapyscueaomes Kakue-mubo npusHaku Hecoanancuposannol mowHocmu. Ha credyrowem smane pene
onpeodensiem mun omkasd, 6HYMPEeHHULl Ul 6HEeUHUL, UCNONb3YS 3HAK PeaKmusHOl MOWHOCMU 0OpamHol
nociedosamenvrocmu. Ompuyamenvbuvlil 3HAK PeaKMUBHOU MOWHOCIU 0OPAMHOU NOCIe008aMeNbHOCHU
o3Hayaem, 4mo HeuCnpasHoOCHb HAXOOUMCs 6HYmMpU 08ueameis, ¢ Opyeoll CMOPOHbL, NOJONCUMETbHBIN 3HAK
yKasvleaem Ha mo, 4mo HeUCnPAgHOCMb NPOUOULILA GHE OBULAMNEN.

Knrwuesvle cnosa: oomomxu cmamopa, peakmu@nasi MOWHOCHb, KOPOMKOZAMKHYMbLL POMOpP, pe3eps
osueameisi, KoneoOaHuss MOUWHOCHILL.

WHAYKIUSUIBIK KO3FAJTKBIIITAPIBIH AKAYJIAPBIH AHBIKTAY

ECEHOBAT. C.

Kazaxcman-bpuman mexuuxanwix ynueepcumemi, 050000, Anmamol, Kazaxcman

Anoamna. byn scymvicma acuHxpoHObl KO32AIMKbIUMAPOAZbl aAKAYIApObl AHBIKMAY 20ICi CUNAMMANAH.
Acunxponovl K0320IMKbIUmMap KONmMe2eH MeXAHUKAbIK KOCLIMUUAAPOa KeHiHeH KOonoaHuwliaowl. [lemex,
HCYMBICUUBLIAPOLL eCKEPMY YUliH 0apObIH HCYMBICHL Ke3iHOe OPblH AN2aH OY3YUbLILIKIMAPObl OAKbLIAY JHCIHE
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AHbIKMAy eme Maubi30bl, COHOLIKMAH O01ap nanoa 001eaned Oelin alOblH ATy HCAzbl KAPACMbIPLLIAObL.
Odemme, KaObLI0ay KO3LANMKLIUBIHOAL! AKAVIbIK HCYMBIC Ke3iHOe Kbl3y0bl myoulpaosl. byn ouccepmayus
meneepiime2er Kyam KOMNOHeHmMIH Konoanamvln scaone Matlab Simulink umumayusnelx 6agoapramacvina
Heziz0enzen OYKil OU3AUHObI UMUMAYUSIALMbIH KOPRAHBIC 20ICIHIH 0aMblean aneopummin yYcoinaovl. Canobix
penenix Kopeauvic areopummi oouviHwa, Oipinwioen, yu (asaivl Kepuey mMeH moxK oepekmepi oauxaiaosl,
cooan Kellin meneepimciz Kyammoly Ke3 Keleen Oencinepi anvikmanaosl. Keneci kadamoa pene peaxmugmi
Kyammuly, mepic 02tieKminiein nauoaniausin, iwKi Hemece ColpmKbl iCmeH wbley mypin anvikmatiovl. Tepic
02UeKMINIKMIY peakxmuemi KyamviHbly mepic 0encici akayiblkmvly KO32aimKblul iuiHoe eKeHin 0indipedi,
EKIHWI JCASbIHAH, O Oellel aKayIbIKmblH KO32aIMKbIUMAH MblC eKeHOieiH Kopcemeoi.

Tyitinoi co3zoep: cmamop opamoapsl, peakmugmi Kyam, muik-mopisl pomop, KO32AIMKbIUL KOPbl, KYammbly

ayblmKybl.

Introduction

Induction motor is the primary necessity
motor used in mechanical applications. Three
phase induction motors are the most growing and
frequently encountered machines in enterprises.
An electromechanical system, called electric
motor, which converts electrical energy into
a mechanical energy. The most sorts of issues
experienced by these motors are single staging,
over voltage, beneath voltage, over current,
under current, speed varieties, over temperature
and vibration. Acceptance motors are broadly
utilized as mechanical drives since they are
tough, dependable and prudent. Single-phase
acceptance motors are utilized broadly for littler
loads, such as family apparatuses like fans. When
the three stage induction motor supply with
higher voltage than rated at that point induction
motor begins overheated and consequently
over temperature blame happens. When supply
voltage is lower than evaluated constrain at that
point voltage drop over the resistance is higher
and blame occurs. Even, as three-stage Induction
motor operates continuously, it is important to
ensure these weaknesses are addressed to the
motor. Induction motor safety plays a critical
role in its long service life benefit [ 1]. Until now,
a definite number of protection methods have
been developed for various internal and external
motor faults, depending on the motor power,
motor type, motor application, and service
type. Therefore, motor safety in general is less
uniform than the defenses of other sections of
the control system [2]. Protection given to the
motor is to allow the motor to operate up to
its limits, but not to allow the motor to operate
above its mechanical and thermal limits in
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overloading and to provide optimum flexibility
in detecting faults, hence the safety mechanism
should detach defective parts from other parts of
the power system as soon as possible, without
damaging other systems detrimental to the power
network and control system. The machine shaft
or rotor has been continuously associated with
the primary common fault sorts of these turning
devices. The components of induction motor's
percentage failure are as shown in Fig 1.

Data As per IEEE

22% ‘ M Bearing Faults
44% M Stator Faults
» Rotor Faults
m Other Faults

Fig. 1. Percentage Component of Induction Motor Failure

The survey was taken by Institution of
Electrical and Electronics Engineers (IEEE) and
Electric Power Research Institute [3].

Materials and methods

Three-phase induction motors, as is known,
have simple construction of stator windings from
where they are supplied, thus producing rotating
magnetic field in the air gap. On the other hand,
the rotor side depends on the required efficiency.
This is a rotor with a phase winding, a cage
with a squirrel-cage rotor. The rotor side of an
induction motor has a high conductivity value, so
the magnetic flux can change direction regularly
due to the rotating magnetic field [4].
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Fig. 2. Asynchronous machine components

In order to find a solution to faults in the
work, it was necessary to analyze the causes of
these faults. There are described in Figure below.
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Fig. 3. Single phasing effects on induction motor operation [5]

First, the algorithm of the protection method
for the protection of the induction motor is used
to solve the problem of abnormal operation due to
internal and external defects of the machine. This
section briefly describes the security process. As
it is written, the instantaneous power of the car.

When an error occurs, it vibrates twice its
basic frequency. Thus, the data are taken from
the first power system. These are the voltage
and current values for each phase, and the other
data needed to run the algorithms A, B, and C
are the total power of the motor. The maximum
limit sequence of unbalanced power and reverse

current of a motor operating in an unbalanced
state, constant capacity K, is equal to the number
of tests for the period and time for this purpose.
Thus, after obtaining the necessary information,
the code determines whether an error has
occurred based on the measured and compared
values, whether the error is internal or external.
A more detailed description of the mechanism
is given in the next chapter of the study. It also
gives a travel signal if it is likely to fail in the
form of a failure.

Required values Calculated values

Va, Vi, Ve — 3 phase voltage values
L Iy, I — 3 phase current values
Su— Apparent power

Pugt, — Unbalanced power limit

Pim — Instantaneous power

Q — Negative sequence reactive
power
Lue — Negative sequence current limit
K — constant
N — number of samples
At — time for sampling

A —integrator value for external fault

Fig. 4. Required and calculated value list

Solutions and results

This study provides a solution and description
of the system of algorithms for the safety of an
induction motor in unbalanced situations that
can occur inside the motor or in defects that are
considered external. The algorithm first looks for
flaws in instantaneous power fluctuations caused
by zero and negative sequence elements, then
doubles the base frequency and investigates the
negative reactive power circuit's source. This
section delves into the algorithm's specifics.

The instantaneous power of induction motors
is calculated at the terminals and can be reported
as follows:

P(n) = v ,(m)*i (n) + v(n)*i(n) +
v, (n)*i,(n). (1)

Here n can be defined as an instantaneous
example of the power p (n).aThis formula
means of the above-managed state of the engine.
However, when a short circuit occurs, the phase
difference between the stator windings is 2pi /
3 asymmetric, and the following formulas are
derived for the three-phase values of voltage and
current.

The unbalanced power component generated
by the negative sequence component can be
converted into a shape by the Discrete Fourier
Transform.

69



o BECTHMK KA3AXCTAHCKO-BPUTAHCKOIO TEXHNYECKOIO YHUBEPCUTETA, N°2 (57), 2021 o

me = % EP (ﬂ) * E_}.‘}m! /N

2)

In the event of a failure, the orientation of the
negative reactive series calculated suggests that
the failure is internal or external [6]. The negative
sign of the Q-shows that the power transfer is
from system to network, indicating that the fault
is local. Vice versa of the sign indicates that there
was a fault within the motor.

Q—=a3/NYv (n—m/2)* i~ (n) 3)
Here, v- and i- can be specified as follows:
p~(n)=(vR(Mn)+vS(n—-2n/3)+vTn+

21/3))/3 4)
iTm)=(@{ARM)+1S(n—2n/3)+iT(n+
21/3))/3 %)

Calculations:

Firstly, the value of P,,, is calculated, and
if it is higher than the allowable value of P, ,
then the problem occurs, and then the algorithm
begins to calculate the reactive power of the
Q-negative sequence. If the measured value is
negative, the fault appears to be internal and an
immediate shutdown signal is given to isolate the
faulty motor.

Secondly, the algorithm calculates the
reaction of the negative sequence in the case
of the following possible situation, resulting
in a positive sign. Therefore, the fault is an
external style fault, and the initial equation of the
algorithm is used to measure the departure time
to back up the engine.

Po (pu) =(VI=)VI=1—-/1=1—(pu) (6)
[Pﬂm (pu)a]2 *t=K (7)

Typically, the equilibrium protection time
using Equation [7] is defined differently for
different types of motors. The constant K, which
is the resistance to unbalanced activity under the
influence of the heat of the motor winding of an
induction machine, varies depending on the type
of motor associated with its characteristics. There
is a difference in the value of K according to IEC
standards from 1 to 40 [7, 8]. For modeling in the
thesis, the value of K is assumed to be equal to 11.

The complete diagram of the induction
protection system is shown in the figure below. [7].
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Values of three phase voltage and
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Fig. 5. Motor protection flow diagram

Simulation

The dissertation was submitted by MATLAB
/ Simulink system software, which measures the
performance of the simulation defects. For one
fault type situation, two phases to the ground
were provided with this simulation of the single
phase to the ground. External problems were
interpreted as problems with the motor's cables.
The diagram below depicts the virtual machine
scheme.

o

. A
e —{—».F—\
o

Fig. 6. Simulated model

The motor in this case was a 10 HP squirrel
cage asynchronous system operating at full load.
The power transformer used in the simulation was
a delta-star coupled transformer with a primary
voltage of 13.8 kV and a secondary voltage of
0.22 kV. It's also worth remembering that the
machine's frequency was 60 Hz. The fault was
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thought to have started in the second and lasted
two seconds during the simulation period of five
seconds. For the simulation unit, the short circuit
resistance was set to 0.01 ohms.

Cases for external faults

External faults on the asynchronous
machine's power supply cables are identified, and
the system was tested in three scenarios, yielding
graphs of instantaneous power, unbalanced
power, and negative sequence intensity. For
simulation, the K constant was set to 11.

Two phases to ground fault

The two processes are short-circuited to
the ground in this case, and the fault occurs as
described in the second. When an imbalance
occurs, the chart shows that power oscillations
have begun. As the unbalanced power begins to
remain constant after 20 ms, the algorithm begins
to measure negative sequencing power.

Fig. 7. Instantaneous power

Figure 8 shows that negative sequence
reactive power has a positive symbol, indicating
that the fault is located externally.

Fig. 8. Negative sequence and Unbalanced power

Single phase to ground

Decrease in average power happens as one of
the processes is short-circuited to grounded and
fault happens at this point. It can be seen from
the figure that the negative sequencing power is
positive, so the fault is external as expected.

Fig. 9 Instantaneous power

120 Hz oscillations occur, causing an
unfavorable state for the induction motor during
unbalanced activity.

Fig. 10. Negative sequence and Unbalanced power

The trip time to protect the motor is
estimated to be 4.5 seconds, preventing damage
to an induction motor. As it's shown on figures,
external fault detected and system shut down to
protect motor and other equipment. It means that
system works correctly, faster and corresponds
all requirements.

Conclusion

In addition, the protection system is vital
for any unit or component of the electrical
power network because it is affected by potential
irregular conditions. The induction motor, which
is one of the most commonly used electrical
machines, is often susceptible to failure, which
means that the safe operation of an accurate
protection method is required. In the simulation
of the fault conditions for the induction motor, as
a consequence, the safety device first detected a
defective state from power oscillations at a two-
fold base frequency before determining the type
of fault based on the indication of a negative
reactive power series. In a balanced network,
instantaneous power is equal to the average
power value, therefore, when an unbalanced
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condition occurs, the fault is detected, and when
the internal form of fault relay is specified,
the instant trip command is given. Today, it
is important to provide reliable protection for
every aspect of the electrical system because it
is effective in many ways, including continuous

develop all of the security mechanisms that have
been developed, so that they can be quicker or
better, more effective and perfect for prejudice,
helping to plug the gaps produced by unreliable
circumstances or irregular cases. Future
simulation of an internal faults is planned. For

the simulation internal faults will be assume to
take place in stator windings.

regular operation of the network, efficiency
and health of the equipment. Moreover, the
devitalized age of technology allows society to
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