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Abstract

Asynchronous electric motors are widely used in industrial electric drives, including textile enterprises, where their operating
efficiency and dynamic characteristics directly affect the energy consumption and productivity of technological equipment.
Therefore, accurate mathematical modeling of asynchronous motors is important for analyzing transient operating conditions,
determining their electromagnetic and mechanical characteristics, and improving the efficiency of industrial electric drive
systems. The purpose of this study is to develop a mathematical model of the 4A100L6U3 squirrel-cage asynchronous electric
motor and investigate its dynamic and mechanical characteristics during the starting process. A three-phase asynchronous motor
with a rated power of 2.2 kW, supply voltage of 220/380 V, and nominal rotational speed of 950 rpm was selected as the research
object. A mathematical model of the motor was developed to describe its electromagnetic and mechanical behavior. Based on
the developed model, transient processes occurring during motor starting were simulated and analyzed. The changes in the main
electromagnetic and mechanical parameters were investigated, and the mechanical characteristic of the asynchronous electric
drive was constructed. Particular attention was given to the starting torque, critical torque, nominal torque, and slip
characteristics. The simulation results demonstrate the dynamic behavior of the 4A100L6U3 asynchronous motor during the
starting process and provide a basis for evaluating its operating characteristics under industrial conditions. The obtained
mechanical characteristic and analyzed torque and slip parameters allow the main operating regimes of the electric drive to be
assessed and optimized. The results of the study can be used to improve the energy efficiency and reliability of electric drives in
textile enterprises, optimize the operating modes of technological equipment, and improve the control and regulation systems of
asynchronous electric motors
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1. Introduction

After the Republic of Uzbekistan gained independence, a
number of changes took place in the textile industry in our
country. In particular, a number of textile and light industry
factories were built and put into operation in many regions.
Weaving machines in our republic are increasingly being im-
proved. The textile industry itself consists of complex and di-
verse sectors. One of its largest sectors is yarn and fabric pro-
duction. Along with cotton fiber, the production of chemical

fibers is also developing rapidly in the Republic of Uzbekistan.

This allows the textile industry of our independent Republic
to further expand the raw material base and increase the range
of products produced. As we know, all the mechanisms and
details of the weaving machine are driven by electric motors.
Spinning machines and weaving machines are mainly used in
textile enterprises. In particular, cleaning cotton and produc-
ing yarn from cotton using spinning machines are stages of the
technological process. At each stage of the technological pro-
cess, specific technological machines are used, and their main
energy consumers are asynchronous motors. 70-75% of the
electricity consumed in textile enterprises is consumed by the
electric drives of these machines [1-7]. Therefore, the main
goal of the study was set to study the possibilities of saving
electricity in electric motors. Measures to increase energy ef-
ficiency in these enterprises can be divided into 3 groups:

1) improving energy saving measures;

2) increasing the efficiency of energy resources;

3) improving the energy supply system.

2. Methodology

These activities are mainly organized through energy stud-
ies at textile enterprises. The main goal of these studies is to
identify elements of the power supply system that have energy
saving potential and organize rational use of energy [1-5]. If
we take spinning machines at textile enterprises, the main con-
sumer of electricity that drives these machines is electric
drives (motors), which consume about three quarters of the
generated electricity. The main part of these electric motors is
asynchronous motors with a short-circuited rotor. Due to the
simplicity of their structure, low cost, and reliability in opera-
tion, they are widely used in all sectors of the textile industry
and the national economy [5, 7].

The number of repaired asynchronous motors at all textile
enterprises is increasing. Due to the lack of full compliance
with the repair technology, it can be observed that the motor
operating mode parameters do not correspond to the passport
parameters. The decrease in the energy performance of the
motor significantly affects the amount of waste in the enter-
prise [1, 6]. It can be observed that the main shortcomings af-
ter repair are associated with incorrect calculation or incorrect
winding of the motor winding [16-18]. The work on identify-
ing and eliminating defects in asynchronous motors operated
in textile enterprises, calculations for rewinding asynchronous
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motors in devices, and the operation and control of asynchro-
nous electric drives is focused on the issues of operation and
control of asynchronous electric drives. The level of sophisti-
cation of technological equipment is often determined by the
degree to which electric drives meet technological require-
ments [8, 10]. This is due to the compactness, environmental
safety, reliability, ease of automation, speed and other ad-
vantages of electric drives in textile enterprises. The improve-
ment of the technological process is directly related to the im-
provement of electric drives. Therefore, electric drives are de-
veloping rapidly for objective reasons. The main consumer of
electricity in textile enterprises is asynchronous motors [5, 7].
Therefore, planned measures to save electricity in asynchro-
nous motors at the scale of textile enterprises can have a sig-
nificant economic effect [1, 3]. Consistent work is being car-
ried out in our country to modernize the textile industry and
widely introduce modern weaving machines into production.
The textile industry is one of the important and diversified sec-
tors of the economy, and one of its main directions is the pro-
duction of various fabrics from cotton fiber. At the same time,
along with cotton fiber, the production of chemical fibers is
also rapidly developing in Uzbekistan [8-15]. This allows ex-
panding the raw material base for the textile industry of the
republic, increasing the range of manufactured products and
improving their quality. Weaving machines are divided into
continuous and periodic types according to the principle of op-
eration. Textile enterprises mainly use periodic weaving ma-
chines. Depending on the method of warp yarn transmission,
they are divided into shuttle, rapier, pneumatic, hydraulic and
other types of looms. Depending on the width of the fabric,
the looms are divided into narrow-width and wide-width types.
The structure and technological capabilities of the loom de-
pend on the mechanisms used in it for yarn transmission and
warp yarn control, which operate on the basis of eccentric,
dobby and jacquard mechanisms [19]. The eccentric mecha-
nism has the simplest design and is widely used in the produc-
tion of fabrics with a simple weave structure. Achieving high
productivity, reducing energy consumption and improving
product quality in modern looms largely depends on the oper-
ating mode of the asynchronous electric drive. Therefore,
mathematical modeling of transient processes and mechanical
characteristics of the electric drive is of great scientific and
practical importance in ensuring the efficient operation of
looms. Looms with a jacquard mechanism are widely used in
the production of fabrics with a complex weave structure. Jac-
quard looms provide high efficiency in weaving fabrics with
large flowers and complex patterns. Looms are divided into
mechanical and automatic types according to the method of
thread feeding. In mechanical looms, when the thread on the
shuttle runs out, the loom stops and the shuttle is replaced. In
automatic looms, this process is carried out automatically
without stopping the loom, which significantly increases pro-
duction efficiency. In the textile industry, automatic looms
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such as AT-120, AT-175 and shuttleless looms of the STB
type (STB-1-180, STB-1-220, STB-1-250, STB-1-330, STB-
2-220 and STB-4-330) are widely used. These machines are
characterized by high productivity, reliability and energy effi-
ciency. The weaving machine consists of many mechanisms
and gears that provide movement of the working bodies. All
the main mechanisms are driven by an electric motor. The ro-
tational motion of the electric motor is transmitted to the
working bodies through various gears. Such gears are divided
into belt, chain, gear, worm, friction, hydraulic, pneumatic and
electric gears. Each type of gear is characterized by the num-
ber of gears, useful working coefficient and operating charac-
teristics. The most commonly used electric drives in weaving
machines are asynchronous electric motors. In particular, in
the textile enterprise of the Bukhara region, three-phase asyn-
chronous electric motors with a squirrel-cage rotor of the
types  4A100L6U3, 4A100S4U3, 4A112MABU3,
4AIRM06U3 and 4AIRM11V6U3 are used in STB weaving
machines. The power of these motors is 2.2-4 kW, and the
supply voltage is 220/380 V. One of the main characteristics

of an asynchronous electric motor is the electromagnetic
torque. The electromagnetic torque arises as a result of the in-
teraction of the rotating magnetic field formed in the stator
windings and the currents induced in the rotor winding. This
torque is the main parameter determining the start-up, accel-
eration and stable operation of the motor under load. There-
fore, mathematical modeling of the transient processes and
mechanical characteristics of an asynchronous electric motor
is of great importance in increasing the efficiency of weaving
machines and reducing energy consumption. (I2 cosy?) In an
asynchronous electric motor, the electromagnetic torque is
created as a result of the interaction of the rotating magnetic
field created by the stator winding and the currents induced in
the rotor winding. ®max In an asynchronous electric motor,
the electromagnetic force is created as a result of the interac-
tion of a current-carrying conductor with a magnetic field ac-
cording to Ampere's law. This electromagnetic force creates
the rotational torque of the rotor and ensures the conversion of
electrical energy into mechanical energy. Fem = Bs li is
formed.

Figure 1. Distribution of magnetic induction (Bo) in the air gap of an asynchronous electric machine, rotor teeth (i) and electromagnetic force

(Fam) distribution characteristics.

The electromagnetic torque resulting from this electromag-
netic force is determined by the following expression:

M=CM‘F

T T2 cos, (1)
where:

Cwm=p*m2*kena/V/2— constant value:

F.x— maximum value of the magnetic flux.

Formula (1) can be used not only for asynchronous ma-
chines, but also for all types of electric machines. This formula
expresses the relationship between the physical processes oc-
curring in the motor and the torque. Using this expression, it

is possible to qualitatively analyze the state of the motor in
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various operating modes. However, since the quantities ®max,
I> and cosy> in this formula are not directly related to the
power source and the operating mode of the electric machine,
their practical determination is difficult. Therefore, a simpli-
fied expression of the electromagnetic (torque) torque is con-
sidered below, which allows taking into account the influence
of the design parameters of the machine and operating condi-
tions. The electromagnetic force method is used to determine
the electromagnetic torque. Based on the relationship between
the electromagnetic power (Pam) and the mechanical power
(Pmex) from the energy diagram, the electromagnetic torque
is determined as follows:
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Pop=M-w; P =M-w )
where:
wy = (2-m-n,/60) - (p/p) = (2 -7m/p)-(p-n1/60) =2 -7-f/p
And w =2-m-n/60 Taking into account the angle of 1- The right side of equation (5) (w,/w;)We multiply the

displacement of the rotating magnetic field and the angle of right side of the formula by the following ratio:
rotation of the rotor, the electromagnetic torque according to

expression (2) is determined as follows: P, =M-w;-S (6)
M =P, /w, (3) the following formula:
Therefore, the electromagnetic torque of an asynchronous M =P, /(w-S) =m, - (1'2)2 /(w0 8)  (7)
motor is directly proportional to the generated electromag-
netic force. To determine the angle of rotation (displacement) Therefore, the electromagnetic torque of an asynchronous

based on the energy diagram, the following expression is used: motor is directly proportional to the electric power in the rotor
winding. If G is defined as a quantity related to the rotor, then

P'oy = Poy — Prex (4)  thevalue of I'2(7), w; = (2 -7 f;)/p We accept the general
form of the expression for determining the electromagnetic

orP,=M-w,—-M-w=M- (0, —w) (5)  torque of an asynchronous electric machine as follows
M=0m p-Uf-1")/2 -7 fi:8) [(rn +7'2/S)* + (xo + x'3)*]} (8)

In formula (8), when determining the torque M in the re-  the accuracy in calculating the electromagnetic torque, there-
placement scheme for asynchronous motors with a power of  fore, the complex number c; in formula (8) is expressed as
P>10 kW, it is assumed that ci~1 It is necessary to increase  follows

M=@my-p-Uf-r')/2-m-fi-8) [(n+c 12/ + (1 + ¢ - %)%} 9)

Where ¢; = 1,02 + 1,05, in expressionsP < 10kW (8)  mechanical characteristic of the induction motor is con-
and (9), all quantities except the slip S are considered constant ~ structed (Figure 2).
and change depending on the change in the load torque. One
of the main characteristics of a three-phase squirrel-cage asyn- n=ny=60-f/p, M=0
chronous motors is its mechanical characteristic. Based on
certain limits of this characteristic, it is possible to determine ~ where f is the actual frequency;,

the operating mode of an asynchronous motor. The steady- p is the number of poles.
state form of the mechanical characteristic is usually deter- 2 Dashed line - nominal operating mode of the induction
mined using the Kloss formula: motor
M =2 -Mgy/(S/Sqp + Sep/S) (10) n=ny, M =M, =9550-P,/n,
where where Px is the nominal power of the induction motor, kW;
M - Electromagnetic torque of the induction motor; 3 - critical point mode, in this case n = ny,, M = M, =
M,y - Critical torque of the induction motor; A-Mg;
S - slip; 4 - startingmode, n =0, M =M, = M,.
S« - slip value corresponding to the maximum (critical) Figure 2 shows the mechanical characteristics of a
electromagnetic torque of the induction motor. 4A100L6Y3 squirrel-cage induction motor used in weaving

The mechanical characteristics of induction motorscanalso ~ looms. The rated power of the motor is 2.2 kW, the voltage is
be calculated using values from catalogs or reference books. 220/380 V, and the rotation speed is 950 rpm.
In this case, the torque value is calculated for 4 points and the
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Figure 2. Mechanical characteristics of a 4A100L6U3 squirrel-cage
induction motor.

"As can be seen from Figure 2, the nominal torque of the
induction motor is M,=22 H-wm,, the starting torque is
M, .=44 H - u, and the critical torque of the induction motor
is M,,=44 H- M, M,,=48,4 Nm.

3. Conclusion and Recommendations

In this research work, the issues of mathematical modeling
of the mechanical characteristics of transient processes occur-
ring in asynchronous electric drives of weaving machines used
in textile enterprises were considered. A 4A100L6U3 squirrel-
cage induction motor used in weaving machines of a textile
enterprise was selected. Based on the mathematical model of
the asynchronous electric drive, a system of equations was
formed that allows determining the electromagnetic torque,
rotational speed, slip coefficient and mechanical characteris-
tics of the motor. Using the developed model, transient pro-
cesses of the motor during start-up, load change and steady-
state operation were analyzed. As a result of the research, the
main mechanical indicators of the asynchronous motor were -
The values of starting torque, nominal torque, critical torque
and critical slip were determined and a mechanical description
was built. The results obtained allow assessing the dynamic
state of an asynchronous electric drive, optimizing its operat-
ing modes and increasing the reliability of technological pro-
cesses. The use of the mathematical modeling method is an
effective tool for increasing the energy efficiency of electric
drives used in textile enterprises, reducing electricity con-
sumption and improving control systems. The developed
model can be used in the future to study asynchronous motors
of various powers and modern frequency-controlled electric
drives. In general, mathematical modeling of the mechanical
characteristics of transient processes in asynchronous electric
drives of weaving machines of textile enterprises allows for a
deep study of their dynamic characteristics, selection of opti-
mal operating modes and increase production efficiency.
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Abbreviations

Py Nominal Power of the Induction Motor
M Electromagnetic Torque of the Induction Motor
My, Critical Torque of the Induction Motor
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