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Introduction system and several faults that occur in asynchronous

Asynchronous motors are the main consumers of motors, asymmetrical and non-sinusoidal currents
electricity, they are designed to work under appear in asynchronous motors and they have a
symmetrical and sinusoidal voltages, but due to the negative effect on the operation modes of the
connection of various loads to the power supply asynchronous motor [1].
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Figure 1. Schematic diagram of a three-phase asynchronous motor.
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The formation, types and negative effects of
asymmetric currents caused by various effects during
the operation of an asynchronous motor are
considered. In the stator of an asynchronous motor,
symmetric windings are placed at an angle of 120°
from each other, when voltage is applied to these
windings, corresponding magnetic currents are
generated in each phase according to the magnitude of
the voltage (Fig. 1) [2].

Methods: Asynchronous motors have amplitude
asymmetry and phase angle asymmetry. As a result of
various effects, the asymmetric currents in the
asynchronous motor lead to the asymmetry of the
magnetic fluxes in the stator (1) and it is as follows
[3].

¢>A(9,t)=%¢>m{sin(9—a)t) +sin(0 + o))} )
®,(6,1) =%<Dm{sin(9—wt)+sin(9+w _%”j}

D (0,1) :%(Dm{sin(e—a)t) +sin[9+ ) —%”j}

where 6 — the angle between the magnetic flux and the
stator current, ®m, — main magnetic flux.

Analysis  of asymmetrical currents in
asynchronous motors.

In  three-phase  asynchronous  motors,
asymmetrical currents occur when the amount of
currents in each phase differs from each other. The
causes of asymmetrical currents in asynchronous
motors are as follows:

i (A) 4

» Damage to the stator coil

* Bearing damage

» Damage to the magnetic circuit

* Operation in extreme load mode

*  Asymmetrical supply voltage

Based on the above reasons, asymmetrical
currents cause the following negative effects in
asynchronous motors:

» Causes the power factor to decrease

» Causes an increase in the temperature of the
asynchronous motor

» Leads to a decrease in stator torque

» Causes the stator current to increase

* Increases the amount of noise and vibration

« Asynchronous motor shortens the operating
cycle

The asymmetrical currents that occur in
asynchronous motors are as follows:

1. Amplitude asymmetry (if the currents in each
phase differ in amplitude).

2. Phase asymmetry (if the currents in each
phase do not form an angle of 120° from each other).

Amplitude-asymmetric currents occur when the
amount of currents in each phase differs from each
other in terms of amplitude, and the coefficient of
asymmetry is different from one. (Fig. 2) Amplitude-
asymmetrical currents create a magnetic flux in the
opposite direction in the stator of the asynchronous
motor, which causes a decrease in torque, mechanical
power, and heating of the asynchronous motor [4].
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Figure 2. Time-dependent description of amplitude asymmetry currents.
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Figure 3. Time dependence description of phase asymmetry currents.
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Phase-asymmetrical currents occur when the
phase angles of the currents in each phase differ from
each other, that is, the angle between the phase
currents is not 120°. Phase asymmetry currents, like
amplitude asymmetric currents, create a magnetic flux
in the opposite direction in asynchronous motors,
which leads to a decrease in the torque and mechanical
power of the asynchronous motor, as well as its
heating (Fig. 3). Phase asymmetry currents have a
greater negative impact on the operation of an
asynchronous motor compared to amplitude
asymmetry currents [5].

The main negative effects of asymmetrical
currents are overheating of asynchronous motors and
generation of a torque opposite to the direction of the
main electromagnetic torque, which has a negative
effect on the insulation of the stator winding.
Exceeding the specified amount of asymmetrical
currents in an asynchronous motor leads to a
shortening of its working life. If the amount of
network voltage asymmetry is 4%, it causes the
operation period of the asynchronous motor to be
reduced by two times [6].

Figure 4. Mechanical description of a three-phase asynchronous motor under the influence of asymmetrical
currents.

As a result of asymmetrical currents creating an
electromagnetic moment of equal and opposite
direction in the stator of an asynchronous motor, the
slip coefficient of an asynchronous motor is also
divided into two, and it is described in the following
mechanical description (Fig. 4).

The slip coefficient of an asynchronous motor in

the direction of the electromagnetic field is
determined as follows:
w,— @,
Sm =S T _ 1——r (2)
, 1)

S S
The slip coefficient of an asynchronous motor
against the direction of the electromagnetic field is
determined as follows:
-, — o, ,
S, = it B S T & (3)
— Wy @y
where ws— angular velocity of the magnetic flux in the
stator, o — angular velocity of rotor.
The power of an asynchronous motor is
determined as follows:

3R, U,,)"

R 2
S, [r] + X2
Sq

where P, — active power in the appropriate direction
(5), Pq — active power in the opposite direction (6).

The effect of asymmetrical currents on the
electromagnetic torque of an asynchronous motor is
determined as follows:

P, - (6)

M=M_+ Mq (7)
P 3RWUL) 1
S, (R,] +Xf}
Sm
M _i_ 3R, (U,)° 1 9)
! a)S a)S

2
S, (Rrj + X7
Sq

P=R,+F, 4) where My, — electromagnetic torque in the appropriate
direction (8), My — electromagnetic torque in the
R 2 o B Vg
P = 3 r(Uzlm) (5) opposite direction (9).
R, ) The torque in the opposite direction due to the
Smy| — | + X asymmetrical currents reduces the amount of the main
S :

m electromagnetic torque and, as a result, reduces the
electromagnetic torque of the induction motor and is
defined as:

*
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3R U,,) 1 3R, (Uy)® 1 (10) In three-phase asynchronous motors, non-
= - o sinusoidal currents occur due to high harmonic

- 2 a)S 2 S
s B ext ™ a2 e
Sm Sq

Power losses due to asymmetrical currents are
determined as follows:

3R, Uy’ R U, | (D

2] 5] 2]

Due to asymmetrical currents, the occurrence of
a magnetic flux in the opposite direction in the stator
of an asynchronous motor leads to an increase in
reactive power, which leads to a decrease in the useful
efficiency of the asynchronous motor, which is
defined as follows:

_&_ (1_Sm)Pm

P P,+P,

(1_ Sm)

R 2
S, (’J +X?
sq

where Un — appropriate direction voltage in the stator
windings, Uq — opposite direction voltage in the stator
windings.

The analysis of the asynchronous motor
asymmetrical currents shows that by reducing the
amount of electromagnetic torque in the opposite
direction generated in the stator with the help of
compensating devices, it is possible to increase the
useful efficiency of the asynchronous motor.

Analysis  of non-sinusoidal currents in
asynchronous motors.

(12)

(13)

L(A) 4

currents generated in the stator. The formation of high
harmonic currents in electric energy consumers in
enterprises is not desirable, which leads to the
deterioration of the technical and economic indicators
of electrical devices [7].

In asynchronous motors, high harmonic currents
are formed due to the following effects:

* Increased asynchronous motor load

* Low power of the asynchronous motor
supply transformer

» Length of asynchronous motor supply cable

« Control of asynchronous motors through
devices consisting of semiconductor elements

« Faults in the electromagnetic system of the
asynchronous motor

* Malfunctions in the mechanical system of the
asynchronous motor

* Non-symmetry of rotating parts of an
asynchronous motor

* Operation of asynchronous motors in a
network with different non-symmetrical loads

Due to the above reasons, non-sinusoidal
currents cause the following negative effects in
asynchronous motors:

* Reduces active power factor

* Leads to reduction of asynchronous motor
torque

* Asynchronous motor causes overheating

« Affects reactive power compensation and
starting capacitors

+ Affects the winding insulation of the
asynchronous motor stator

* Increases the error in the counters for
determining the active and reactive energies of
asynchronous motors

e Causes a malfunction of the switching
devices in the protection system of the asynchronous
motor

VAR

t(sek)

Figure 5. Time dependence description of asynchronous motor nonsinusoidal currents.
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Higher harmonics are divided into the following
types:

3,6,9,12,15, 18, 21, 24, 27, 30... zero-sequence
(triple) harmonics, such harmonics are generated in
asynchronous motors due to single-phase loads in the
mains, three-phase loads connected to the mains are
triple does not produce harmonics. This type of higher
harmonics has a low current value, so this type of
higher harmonics has almost no effect on the main
magnetic flux.

4, 7, 10, 13, 16, 19, 22, 25, 28, 31... suitable
sequence harmonics, such higher harmonics generate
magnetic fluxes in the direction of the main magnetic
flux of asynchronous motor, high frequency magnetic
fluxes generated by higher harmonics are
asynchronous causes the temperature of the motor to
increase.

2, 5,8, 11, 14, 17, 20, 23, 26, 29... reverse
sequence harmonics, such type of super harmonics
produce magnetic fluxes opposite to the main
magnetic flux direction of induction motor, these

M,

Sy

M,= M, + M; + M;

higher harmonics high-frequency magnetic currents in
the opposite direction caused by the asynchronous
motor lead to a decrease in the electromagnetic
moment and an increase in the temperature and
reactive power [8].

Each higher odd harmonic current generates
electromagnetic torques in the stator, respectively.
These torques in turn have corresponding slip
coefficients for each of the odd harmonics and is
illustrated in the mechanical description below (Fig.
6).

Result: non-sinusoidal currents are generated
due to high harmonic currents generated in the stator
of an asynchronous motor depending on certain
factors (Fig. 5). Negative effects of odd harmonics can
be seen mainly in asynchronous motors. Double
harmonics are compensated in the magnetic field, so
their effect is absent. High harmonics mainly cause
heating of asynchronous motors and reduction of
active power factor [9, 10].

i T

M;

M,

Figure 6. Mechanical description of a three-phase asynchronous motor under the influence of non-sinusoidal
currents.

The effect of high harmonic currents generated
in asynchronous motors on asynchronous motors is as
follows:

The effect of zero-sequence and even harmonics
on the main magnetic flux of a three-phase
asynchronous motor is almost non-existent, mainly 5,
7, 11, 13, 17, 19, 23, 25, 29, 31.. higher odd
harmonics have a negative effect . Moments in the
corresponding direction caused by non-sinusoidal
currents were determined by the expression 6n+1, and
moments in the opposite direction by the expression
6n-1[11, 12].

The slip coefficient generated by high harmonics
corresponding to the direction of the electromagnetic
field of an asynchronous motor is determined as
follows:

Wen1 — Oy @,
Sen1 = =1-

a)6n+l a)6n+1
The slip coefficient of the asynchronous motor
generated by high harmonics opposite to the direction
of the electromagnetic field is determined as follows:

— Wgny — W, =1+ %
— Wgny Wgn_1

where Sgn+1 — the slip coefficient generated by higher
harmonics in the appropriate direction (14), Sen-1 — the
slip coefficient generated by higher harmonics in the
opposite direction (15).

Torques in the opposite direction lead to a
decrease in the main electromagnetic torque and are
given below:

(14)

Sen1 = (15)
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N N In three-phase asynchronous motors, due to the
ZM =M ain +ZMm.(6n+1> _ZMq'(Gn—l) (16) effect of high harmonics, there is an increase in
=t , n=t (17) electrical and electromagnetic power losses and a
M _ 3R (Ui enin) 1 decrease in mechanical power.
m-6n-1) R 2 D(oni1) The active power resulting from higher harmonic
Sm.(6n+1) (s - J + X! currents is given below:
meny Pout = (1_ Sl)Pl - Z(l_ Sen—l)Pﬁn—l + Z(l_ 56n+1)P6n+1 (21)
B 3R, (Ulq.(sn,l))2 1 @18 The useful duty factor resulting from high
a.(6n-1) Dons harmonic currents is given below:
ne

2
R 2
Sq.(Gn—l) : + X r
Sq.6n-1)

where Mmain — main electromagnetic torque of an
induction motor, Mm en+1) — electromagnetic torque
generated by higher harmonics in the appropriate
sequence (17), Mmen1y — IS an electromagnetic
moment generated by higher harmonics in the
opposite sequence (18).

The value of the total harmonic distortion of non-
sinusoidal currents generated in an asynchronous
motor is determined as follows and its value is
expressed in %:

2
N
THD, = Z('kJ (19)
n=2 Il
In three-phase asynchronous motors, high

harmonic currents lead to a decrease in power factor,
which is given below:

COS@:% (20)
1+(THD,)
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