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GENERAL DESCRIPTION OF WORK

Relevance of the topic:

With the passage of time in industry, in agriculture, in everyday life
and in the transportation industry, the progress in reliability, accuracy
and control is important in the design of the necessary equipment, in
work, in the regulation of torque and speed of rotation. In their work,
for the optimal flow of the technological process, the question of
frequency regulation of the speed of rotation of the working bodies is
raised. Regulation of the rotation speed of the working element in all
areas of the national economy is a key condition. For example, the
round part on the lathe should be changed at the cutting point so that
the speed in the cutting area is approximately constant, which impro-
ves the quality. It is necessary that the speed in the machine spindle be
changed. This change may also occur due to the nature of the details,
since the nature of the work may be rough or clean; this may include
a change in the physical and mechanical nature of the parts used,
changes in cutting, etc. There are many such examples. Examples of
mechanisms required by regulation include rolling stock, paper ma-
king, lifting, transport, agricultural, textile and other mechanisms. In
all cases, the regulation of rotation speed allows the efficient use of
production mechanisms, create optimal working conditions and
reduce energy consumption.

Currently, there are systems that operate on the principle of con-
trolling the speed of rotation, where the frequency of the voltage of the
motor source is adjusted accordingly. The principle of creating accu-
rate proportionality between the voltage value and the rotation speed
on the motor shaft using high-performance voltage modifiers (thyrsi-
tor voltage regulators, etc.) creates the basis for a new system in the
proposed design.

With the help of an electric motor, precise control of the frequencies
of rotation of the organs of mechanisms is carried out, regardless of
the magnitude of the torque on the shaft and in accordance with the
requirements of the working body. An analysis of the mechanical cha-
racteristics of the motors shows that a change in their speed of rotation
can be associated with changes in electrical circuits (resistance) and
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supply voltage (voltage, frequency). The rotation of the electric motor
causes a difference in the moment determined by the change in the
first factor - the circuit or power source.

As electrical machines develop, it is difficult to achieve material
savings at a given level of energy performance. In the modern world,
the resources for improving the properties of electrical steel, the quali-
ty of copper filling in the slot, thermal insulation resistance and the
rational choice of the geometric dimensions of the active parts are
already exhausted. Under these conditions, the role of intensification
of cooling intensifies. This is especially true for IP 44 series asynchro-
nous machines. Due to the low rotation speeds in these machines, the
amount of energy loss increases.

Because asynchronous machines control the speed of rotation, the
amount of cooling air decreases as fan performance decreases. This
leads to a decrease in the torque of the machine, which leads to a sharp
increase in the specific gravity of the material. If we design the fan at
lower rotational speeds, its useful coefficient of performance will
sharply decrease with an increase in the adjustment range.

When designing the appropriate engines for such purposes, the fol-
lowing issues must be considered: electromagnetic compatibility of
the engine with control devices, especially the stability of voltage re-
gulators in terms of parameters, the choice of engine power, the effect
of additional losses, torque on the cost of permissible overloads, etc.

The design features used are important because of their simplicity,
cheapness and ease of handling. The equipment used in the control
system is small - it is easy to manage.

Purpose of work:

A key element in the implementation of the above factors is the
creation of an electrical machine that provides them with mechanical
energy that fully meets the requirements required for the purpose of
the dissertation. This scientific work provides a state of the art rele-
vance in terms of the use of the elements.

The purpose of the work is to develop a high-performance two-ro-
tor asynchronous motor that can accurately control the rotational speed
of the mechanisms involved in the technological process in a wide
range.



In accordance with the purpose of the dissertation, the
following main issues were resolved:

1. Generalized design scheme.

2. Adaptation of parameters of loading and adjustment of the
engine.

3. Checking how torque can be obtained at different speeds
depending on the voltage value.

4. Computational and graphic determination of currents and their
proportions, providing a torque in the frequency of rotation.

5. Calculation and research of the ratio of rotation speed and torque
at different values of the rotor resistance.

6. Analysis and calculation of engine temperature.

7. Comparison of the volume of ventilation and heat and calculation
of the ratio between them.

The scientific novelty of the work:

1. In the developed new AM, the creation of a smooth relationship
between the torque on the shaft and the rotational speed

2. Introduction of the rotor resistance into the system of the
projected IM in the form of a complete structure c.

3. Maintaining a high level of ventilation even at low speeds.

4. Complex solution of theoretical problems of several electrome-
chanical processes current in a new AM with a multi-element rotor.

5. Realization of an effective mode of operation of an asynchronous
machine using constructively obtained methods.

Basic provisions for protection:

1. Provide a complete schematic representation and analysis of the
new two-rotor design.

2. To solve theoretical problems of electromechanical processes in
two-rotor IM.

3. Analyze the process of heat release and distribution due to losses
in individual elements, depending on the torque on the shaft.

4. Achieve efficient development of a new ventilation system that
carries out the process of heat removal from the machine and ensure
full design performance.

5. Determine the losses in the new blood pressure and develop a
methodology for solving design problems.
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Justification and integrity:

It is based on the fundamental laws of electromechanics, including
the theory of energy conversion: magnetic, electrical and thermal pro-
cesses. Here, the progress of the tuning process, the accuracy and
correctness of the process, and the analysis of errors in the tuning area
are key.

The practical value of the work:

For optimal movement of the technological process, it is important
to regulate the speed of rotation of the working bodies. By adjusting
the rotation frequency of mechanisms, you can achieve their optimal
use, create a technologically optimal operating mode and reduce
energy consumption. The newly designed asynchronous motor allows
a variety of control methods.

The use of the developed design with the above objects has a com-
prehensive positive effect on the elements of the system, since it leads
to an increase in the efficiency of the device when regulating speed
and torque in small volumes and, in general, reduces overall costs.

Implementation of work results:

The variable induction motor is offered for use in various industries
and agriculture. The design patent for a two-rotor asynchronous motor
is the basis for the implementation of the thesis. The patent passed
initial polls and received a positive response.

Work approbation:

The main provisions and results of the dissertation were reported
and discussed:

1. Respublika Elmi-Praktiki Konfransinda MDU, Mingogevir, 6-7
dekabr 2013.

2. Respublika Elmi-Texniki Konfransinda MDU, Mingagevir, 28-
29 noyabr 2014.

3. Beynolxalq Elmi-Texniki Konfransinda SDU, Sumgayit, 27-28
oktyabr 2015.

4. Respublika Elmi Konfransinda, MDU, Mingogevir, 27-28
noyabr 2015.

5. Respublika Elmi Konfransinda, MDU, Mingogevir, 23-24
dekabr 2016.

6. Magistrantlarin XVII Respublika Elmi konfransinda SDU, 11-12
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may 2017.

7. X Mexnaynapoanas Hayuno-Ilpaktudeckas Kondepenuus
Momnoasix Yuensix, YTHTY, Poccus, ¥Yda, 14 anpenst — 19 mast 2017.

8. Respublika Elmi Konfransinda, MDU, Mingagevir, 7-8 may
2018.

9. Respublika Elmi Konfransinda, SDU, Sumgqayit, 30-31 may
2019.

Publications:

The author published 10 articles (three of them abroad) and 9
conference materials (one abroad).

The structure and scope of work:

The dissertation consists of an introduction, four chapters,
conclusion and appendices. Also includes 31 photographs and a list of
references.

SUMMARY OF WORK

At the beginning of the dissertation, the relevance of the topic was
substantiated, the main goals and objectives of the study were deter-
mined, the scientific novelty of the work, its practical significance, the
main provisions of the defense and a summary of the main sections of
the dissertation are given.

The first chapter examines and introduces the improved structure
of a two-rotor induction motor with a rotational speed, adjusted based
on a comparative analysis. The design of the AD with two rotors is an
electric motor with an adjustable speed of rotation and high energy
characteristics. The scope of the engine is defined. It should be noted
that the accuracy of any incidental adjustment price at the request of
devices, household appliances, industrial units that require adjustment
of torque and speed increases the demand for the designed engine.

The engine design is given (fig. 1). The design is based on an
asynchronous motor with a modern squirrel-cage rotor [3, 4,9, 10, 11,
12, 14, 16]. The rotor surrounded by the stator was replaced by two
rotors: a working one and an additional one (Fig. 1).

The working rotor is designed to operate in a wide range of rotation
speeds depending on the voltage of the stator, and the additional rotor
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works so that the machine completely cools down within wide limits.
All
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Fig. 1. Engine design
1- Stator; 2 - working rotor; 3 - additional rotor; 4 - shaft of the
working rotor; 5 - shaft of the additional rotor; 6 - bearings; 7 - short-
circuited ring (made of copper); 8 - short-circuited ring (from high-
strength metal); Al - air gap

For a clear presentation of the designed machine, sections of struc-
tural elements along length and width are given, where the stator and
rotor elements are clearly marked [16].

The structural regions of shear, the effects of the cooling system
and other elements are clearly marked along both axes (Fig. 2).

The working and auxiliary rotors are completely independent,
because they are connected only mechanically, one shaft is attached to
the other using the second bearing on this shaft. The working and
additional rotors have only a magnetic connection, so the operation
mode is created based on internal parameters.

The working rotor will rotate at a certain rotation speed, depending
on the rated voltage of the stator winding (to obtain the required speed
of rotation, the stator winding can be designed for full or lower rated
voltage). To change the rotation speed over a wide range, this voltage
is changed. The fused copper material is placed in grooves open along
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the outer diameter of the working rotor, which is assembled from steel
sheets 0.5 mm thick. The ends of the rotor winding from the side of
the additional rotor emerge in the form of a short-circuited ring and
form a complete structure. The outer ends of the working rotor
winding, on the other hand, are made of fechral having a high
resistance, and therefore, by changing the voltage supplied to the stator
windings, it is possible to change the speed of rotation of the working
rotor in the range of 1:10.

”’\\_1;

Fig. 2. The design of the car.

1 - stator windings; 2 - stator magnetic circuit; 3 - stator; 4 - housing;
5 - working rotor; 6, 24 - copper winding of the working rotor; 7 - a

short-circuited copper ring; 8 - a short-circuited ring of fechral; 9 -
shaft of the working rotor: 10,11 - bearing shields; 12,13 - bearings;
14 - additional rotor; 15 - ventilation ducts; 16-ventilation blades; 17
- an additional shaft; 18 - bearing; 19 - bearing shield; 20 - bearing;
21 - fan; 22 - ventilation ducts; 23 - ventilation ducts; 25 - body ribs;

26 - ventilation ducts of the rotor

Speed control in the engine design is based on a change in voltage
supplied to the stator (Fig. 3).

The relationship between the torque on the motor shaft and
temperature was investigated. When maintaining engine power in the
process of reducing the speed of rotation of the working rotor, it is
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impossible to increase the temperature by changing the losses, since
the cooling system at all speeds prevents the temperature in the engine
from rising. Cooling air is sufficiently pumped at all rotation speeds,
regardless of voltage, and the elevated temperature is transferred to the

external atmosphere.
&

i L.
c natural characteristic
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g
Scr
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Fig. 3. Mechanical characteristic asynchronous machine with voltage

reduction
a - rotation speed - ® on the shaft of a normally short-circuited rotor;
b - on the designed machine with a high resistance of a short-
circuited ring
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The choice of materials of the working rotor in the overall design
gives this the basis. Increasing the resistance of the rotor in the
direction of air flow from the rotor is carried out using a short-circuited
ring made of a material with high resistance - fechral. According to
the machine replacement scheme, an increase in the active resistance
of the rotor allows you to adjust the speed of rotation.

The stator magnetic field that occurs when voltage is applied
penetrates through the magnetic circuit of both the working rotor and
the additional rotor. Both rotors generate a rotating magnetic field.
There is only one mechanical connection between the main and ad-
ditional rotor - the bearing. Both rotors are independent of each other.

The connection between the torque on the motor shaft and tem-
perature was investigated. By maintaining, the engine power in the
process of reducing the rotor speed, it is impossible to increase the
temperature by changing the losses, since the cooling system at all
rotation speeds prevents the temperature in the engine from rising.
Cooling air is sufficiently pumped at all rotation speeds, regardless of
voltage, and elevated temperatures are transferred to the external en-
vironment - the atmosphere.

The choice of materials in the overall design of the working rotor
winding is based on this. The increase in rotor resistance is associated
with the establishment of a short-circuiting ring made of a material
with high resistance - fechral in the direction of air flow from the rotor.
According to the machine equivalent circuit, increasing the rotor's
resistance allows you to adjust the speed of rotation.

The stator magnetic field that occurs when voltage is applied to the
stator windings penetrates through the magnetic circuit of both the
working rotor and the additional rotor. Both rotors generate a rotating
magnetic field. There is only one mechanical connection between the
main and auxiliary rotor - the bearing. Both rotors are independent of
each other [7].

The working rotor will rotate at a certain rotation speed, depending
on the rated voltage of the stator winding. To regulate the rotation
speed over a wide range, the voltage value changes, and therefore the
critical slip will change in proportion to the active resistance of the
rotor r'a:
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Due to the active resistance, the value of the critical moment with
the maximum value of the torque also increases.

Induction motors can more effectively control the speed of rotation
by changing the value of the stator voltage. For this, an autotransfor-
mer, a thyristor voltage regulator -TRN, and other methods can be
used [17].

TRH has several advantages over other regulators (autotransformer,
saturated inductor, etc.): high-speed ability, low load, low cost, tough
and smooth characteristics. In a three-phase circuit, two thyristors are
connected in parallel to each phase of the circuit, which allows the
load current to flow through the network over two half-periods at a
voltage of Ul.

Using TRH, you can adjust the voltage within Unom - 0. When the
stator voltage is non-sinusoidal, using TRH is more beneficial in
machines with a high critical slip value.

The second chapter discusses the process of placing the primary
and secondary rotors in the design of the machine. With a known
power, the power of the additional rotor is determined: in this case, the
force applied to the ventilation system at normal power is calculated,
and this force is calculated by the length of the stator package, which
is considered the length of the working, additional rotor and air gap,
which is less than one or two millimeters. As a result, the length of the
active rotor makes up a difference of several millimeters, which is
added in the direction of the short-circuited ring when calculating the
total length. The working rotor is specially made of individual mate-
rials, so that these elements are useful in regulating the speed of rota-
tion. The rotor magnetic system matches the design of mass-produced
machines. Two parts of the rotor winding are designed for normal
operation of the machine: the winding itself and the short-circuited
ring on one side are made of copper material. Copper has been used to
reduce current losses. Another short-circuited ring is made of high-
strength material and is attached to the winding by welding [6] .
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The rods of a short-circuited ring with high resistance can be made
in various designs, depending on the required resistance value. The
design shown in Figure 4.a can obtain the necessary resistance by
changing the dimensions al and a2. Large resistance limits are shown
in Figure 4.b. In this case, the necessary resistance can be obtained by
changing the thickness of two compartments connected by two
grooves a3 and length 1.

3 3
d]

2 = II_ 2
ARy
CEANN

NN

al

Fig. 4. High Resistance Short-Circuit Rings
1 - magnetic circuit; 2 - short-circuited ring with high resistance;
3 - copper rotor winding

The main characteristic is the torque characteristics, for which
some parameters of the stator and rotor must be accurately calculated.

These parameters are the active and inductive resistances of the
stator and rotor, the calculation of which is as follows!:

1. The active resistance of the stator winding

Ly 10~*- 80,86
= Pus T T T 245422106 102 0hm
2. The active phase resistance of the rotor winding

2
= + 75 @)
+
'rzzrr +rSC1A2rSC2 (2)

Here, both short-circuiting rings made of the same material with

! Konsuios H.I1. TlpoekTupoBanue snexTpuueckux Mamvi. Mocksa, 2014, ¢.75-115
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resistance rqq, shown in (1), refer to serial machines, and (2), where
1kz1 1S the resistance of a short-circuited ring made of copper, rkz2 is
the resistance of a short-circuited ring made of fechral belong to the
new design.

To select the characteristics of the designed machine, the
parameters must have different values so that the characteristics for
any desired rotation speed are obtained. For this, it is necessary to
change the active resistance of the rotor in order to characterize each
resistance.

First of all, the parameters specified in (2) should be known for a
15-kW engine. To do this, calculate the resistance of the working rod
of the rotor rscr, copper short-circuited ring 7-; and the resistance 7>

= N RT S L L PRSI Y
2= Pus m T 191-10-6 m
_, mDe 1076wl o
Tset = Pus =41 "33 260106 m

We take into account resistivity:
ommm

2
for copper, 0.0175 =1,75-10"8 Om-m;

for fechral 1.2 .

om-mm?

=1,75-10"8 Om - m.

With the same size of both short-circuited rings, the resistance of
the fechral ring will be k= 120/1.75 = 68.6 times greater.
For the same accepted size,

Tscz = Tsc1 " kp=0,63-107°- 68,6 = 43,22 - 107°0Ohm
By reducing the kf value by 50%, we get the following - relatively

small values.
re=21,61; 10,805; 5,355; 2,7- 10~°0Ohm

Based on the expected values, we calculate the total active
resistance of the rotor winding:
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=, + 7”sclA'"ercz (3)
The computational operation is designed for various values of rkz2
in order to obtain the mechanical characteristics of the machine and
consider suitable characteristics. Calculations are made in the follo-
wing sequence. If we write expression (3) according to acceptable
values, we can obtain the following (the recorded numerical values are
intended for the designed asynchronous machine with a power of 15
kW):
r,=14 - 1076 + 0,063-10_62+rscz
0,329
The obtained values of r2 from table 1 are reduced to the number
of turns of the stator windings.
Table 1.
Rotor winding resistance, taking into account the resistance of the
short-circuited ring

Teer, 10°0Rm | 4322 | 21,61 | 10,805 | 5355 | 2.7

r5; 107°0hm 453 238 128 73 33,3
7”2/:7"2 —4m(az):d1)2 4)
The calculations are given in table 2.
Table 2.
The values of the resistance of the rotor winding, reduced to the
stator

75,,107° Ohm 453 238 128 74 33,3
r5; Ohm 15,4 9,0 5,31 3,51 1,68

The most important operating characteristics of the machine are
considered (Fig. 5). Various design characteristics of the working rotor
were calculated: characteristics of the current and stator moment,
when the rotor shaft is completely copper, and various characteristics
of the moment in the case of a short-circuit ring with high resistance
(Fig. 6.) [11].

The machine heating mode works as follows: the amount of heat
released during the operation of the working and auxiliary rotors must
enter the machine body through the stator zone and from there into the
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atmosphere.

M .
Ii= //___________-———-————-""
L PSS
L/ s
iz
W Z
0 0,2 0.4 0,6 0.8 Sl,O

Fig. 5. Engine start characteristics
. 1 - stator current in the case of a copper winding of the rotor; 2-
moment characteristics in the case of a copper winding of the rotor;
3-7 moment characteristics at different values of the rotor resistance
(table 2.3.) With one short-circuiting ring. Of the high-resistance
dielectric.

Table 3.
Mechanical characteristics of the machine depending on the
resistance of the short-circuited ring M, = f (rz/)

Short circuit Sliding Critical
resistance sliding
T, 1,0 0,8 | 0,5 | 0,2 | 0,1 0,6
1,68 M, |20 |1,75| 1,2 | 0,51 [0,27]| 0,8
3,51 M, | 2,25/ 2,05 | 148 | 0,62 [0,35| 1,0
5,31 M, | 25 |223|1,70 | 0,75 | 0,45 -
9,0 M, 225 25 | 1,9 | 1,0 |0,55 -
15,4 M, |1,75] 225|245 | 1,45 | 0,8 -
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The effect of the ventilation system is the same as in conventional
serial machines (Pic. 6a): the heat flux from the rotor passes through
the air gap through the magnetic conductor of the rotors into the stator
housing, from there into the steel housing, and finally into the
atmosphere through the air flow (external fan ). In the new design, this
process, in a suitable structure, enters the steel body (Pic. 6b) and from
there is transferred to the atmosphere [11].

In the machine, a diagram of heat fluxes is given, so that most of
the heat generated by the rotors of the structure is transferred directly
to the atmosphere (without entering the stator) into the atmosphere

(Fig. 6) [11].

I | | " | 3 | 5 to atmosphere

a)

to atmosphere
——

L

¥ £ f

)
Pic. 6. Heat flow diagram
a) serial engine, b) two-rotor engine with a wide range of regulation
1-stator winding, 2- working and ordinary additional rotors, 3- slot
insulation, 4- stator steel, 5- case.

This process flow prevents part of the heat from flowing from the
rotors into the air gap and into the stator insulation. In this case, the
temperature in the stator insulation will be reduced, which will make
it possible to increase the load on the machine. The efficient design of
the air ducts on the working rotor accelerates this positive process. The
developed design extends the applications of such electrical machines.

Calculations of losses of the designed machine and on their basis,
efficiency were carried out c.u.a. (coefficient useful actions) engine.
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In the sections where the calculations are made, many parameters
were adopted with some adjustments, as necessary, based on the
instructions for serial machines.

1. The main losses of machine steel:

Prn.st=P10/5, 0( )B(kdaBzma+kdz 1M, =
=2,6(1,6-1,652- 16 78+1,8-1,812-5,27=270,8 W

m,=mn(D, — hy)h,le key =
=n(0,272-0,0217)-0,0217-0,13-0,97-7,8-103=16,78 kg

h, = 0.5(D,-D)-h, = 0,5(0,272 — 0,185) — 0,0218 = 0,0217 m

myy = hy ' by average zyloReye =
=21.8-1073-4.8-1073:48-0.13:0,97-7,8:10% = 4,94 kg
2. Surface rotor losses:

Py = por - (t1 — bsz)'zz e =
=242,4-152-1073-38-0,13 =182 W

Z1Mny

1,5, . 3\2—
L) LS. (Bt 10°)=
2050015.(0,338-12,1)2= 242,4 W /m?

= 0,5R,,(——
48-1500

=0,5-1 5( 10000

Surface induction:
By = Bavks'Bs = 0,37-1,22-0,749 = 0,338

3. Loss of ripple in the teeth of the rotor

Zin 2 _
Ppulz =0 11(1000 pul.z) my, =

= 0,11 (%522 0,131)>7,77= 69,1 W
Weight of steel - rotor teeth

18



Mgy = Z3°Ny2 by quer Lt ke Ve =

=38-32-1073:6,5-1073-0,13-0,97-7800= 7,77 kg

4. The total number of additional losses in steel:
Paas. = Pyt Py = 18,2+ 69,1 = 87,3 W
5. Total steel loss
Pyt = Py pasetPaextra = 270,8+87,3 =358,1 W

6. Mechanical losses:
Pmech (_)2D4 0 95(

ZRP0.2724 = 117 W

7. Additional losses in nominal mode:

Painm = 0,005P;,, =0, OOSPZH 1500

= 0,005 - —854W

The efficiency n=0.88 is taken as an approximate value for machi-
nes with a series of 10-30 kW.

The total losses for calculating the operating coefficient of the
designed machine are as follows [15]:

2P = P+PpecntPextratPer + Pex
8. Electric losses in the stator winding:
P,; = 31311073 = 3-292.0,402:1073 = 1,05 kW
9. Electrical losses in the rotor winding:

T
=142 Kl

r Tkl
T, = rr+—+’;l m | KL

10‘ 0,13
210 =19,8+-107% Ohm
ﬂ115 41 167-1076 ’
6
ﬁ115 nDscaver __ 107" 3,14-0,147 — 0,49 . 10—6 Ohm

Z2'qsc 41 38-595-107°

T Dsc.aver 107% 3,14:0,147 _6
T = = — 2 7 . 10 Ohm
scf '8115 Zy'qsc 7,58 38:600:10~¢ ’

The total resistance of the rotor winding:
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T =TroatTscetTscr = (19,84 0,49 +2,7) - 107° =
=22,99-107°% =~ 23-10"° Ohm

The rotor resistance value is given to the number of turns of the

stator winding:
-k 2
=1 ‘”n(“;—dl)z 23.10~
2
Electric losses in the rotor winding:

Py, =3-131;-1073 = 3-292-0,83-107% =0,213-1073W

. . 2
64 3(11@ 0,957)% _ 0,83 Ohm

Total machine loss:

YP=Pst+Pmech+Pel+Pel2+Pel=
=358,1+117+1050+213+87=1825,1 W
¥P=1,825 kW
Machine efficiency:
n=1-=1-222=1-0,121=0,879

1

The fact that the obtained value is slightly lower (from 0.003 to
0.005) than that of serial engines indicates that the engine is specially

controllable, and this value can be considered a high indicator.

The third chapter examines the dependence of engine power and
torque on frequency. The proportionality of the force to the cube of
the frequency and the momentum of the squared frequency is
confirmed. For the entire frequency range, this problem was resolved.
For other types of power, the dependence on the rotation speed is also
considered and justified? [14].

Changes in frequency, current and voltage in the workflow that
correspond to changes in load and torque can be divided into three
phases:

1. The choice of the nominal design mode;

2. Search for acceptable solutions;

2 Ty6uc 4.B., ®anaps M. C., Hapsiuckas B.M., 3estonuna JI. M. Metoas! uccie-
JIOBaHMS U aHAJM3 TEIUIOOT/aul aCHHXPOHHBIX aBuratenei. M.: Mudopmanekrpo,
1981
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3. Search for the optimal solution.

At the first stage, the dependence of power or torque on the rotation
speed is analyzed. Consider two states: fan load and stable power
mode.

In the first case, the power is proportional to the cube of the
frequency, and the moment to the square (Fig. 7.a).

[y r
\ \

L
— v

al b

Fig. 7. The main types of graphs of an induction motor in the
frequency control mode:
a - fan characteristic, b - load characteristic

The choice of the optimal dependence U (f) makes it possible to
obtain sufficient values. for the whole range. The load diagram for
electric drives of moving devices is shown in 7.b. In the interval nmax-
nl, P = const, and in the interval nl-nmin.M = const. To achieve the
diametral stiffness and stability of the rotor, the restrictions must be
included in the nmax mode. When heating, the restrictions are swit-
ched on in the nl mode, which corresponds to the maximum current
and maximum magnetic flux.

At the second stage, the process of selecting the optimal nominal
frequency and the corresponding basic dimensions is performed. One
of the most common criteria is minimum weight.

In fig. 8.a. dependences of the mass of the active material on the
frequency are given for a given diameter value. A choice was made of
the optimal nominal frequency and the corresponding values of the
main measurements (Fig. 8).
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A block diagram system was considered in which the size of the
active zone (induction and current density) were chosen at the per-
missible boundaries. When developing the engine design, minimum
cost values were also considered.

Comparing the prices of machines in a wide range of capacities,
this problem was solved by the design of two rotary machines. When
choosing the size of the machines, economic issues were also resolved.
Minimum conditions for accepted prices have been determined. The
main dimensions of the designed machine were chosen with minimal
cost.

The fourth chapter presents a cooling program for different
speeds of rotation, which takes into account the temperature of the
machine based on the calculated losses. It was noted that even at low
speeds of the working rotor, the ventilation system is very effective.
The required level of heating and ventilation modes is set [13, 18, 19].

To calculate the temperatures in the elements, the losses in the
working elements of the engine were taken into account. To strengthen
the ventilation system in places where losses are most common, the
correct placement of the elements was considered?.

Since the designed machine has a wide range of changes in speed
and direction of rotation, the current processes, parameters, and
heating resulting from changes in torque are also complex.

Speed control requires the correct design of the cooling system?. In
the design of an electric machine, the cooling process, the wide
rotational speed of the working rotor and the occurrence of variable
losses make the cooling process even more complex.

Two rotors are installed, and the additional rotor works with a
highly efficient ventilation system regardless of the working rotor.
Although the frequency of rotation of the working rotor varies widely,
the additional rotor continues to work in asynchronous mode. At
minimum speeds of rotation of the working rotor, the speed of the
additional rotor can decrease by only a few percent, which will not

3 ®ununnos U.@. TermnooOMeH B 3JIeKTPUYECKMX MaIKMHaX -J1.;DHeproaToMusar,
1986, c. 118-125.

4 Tlonos B.U., Axynos T.A., Makapos JI.H. CoBpeMeHHbIE aCHHXPOHHBIE MAIIUHBI:
Hogas Poccuiickas cepust PA.-M.:U3xa-Bo «3Haky», 1999, c. 118-125.
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have a significant impact on the operation of the cooling system.

When adjusting the speed of the working rotor, the value of the
current J; can vary widely. If the working rotor speed is adjusted while
the machine is idling, both currents will change. At low speeds, the
current of the working rotor will hardly change, and small changes can
be considered. When the slip value of the auxiliary rotor changes, the
current value along its torque curve will change; in idle mode, this
value will not be available for the additional rotor, since its function is
to provide ventilation. At different speeds of the working rotor, the
speed of the additional rotor will change according to the principle of
asynchronous mode with a slight change in slip. The additional rotor
is designed in such a way that at the frequency of the lower stage of
rotation of the working rotor it will have a slight change from the
design value.

In the loaded mode of the working rotor, the auxiliary rotor can
change the rotation speed to a small extent, depending on the magni-
tude of the voltage applied to the stator, depending on the adjustment
mode of the machine.

In a projected asynchronous machine with two rotors, the slope of
the grooves can also be ignored. Because the skew is usually aimed at
reducing magnetic losses, and since the magnitude of these losses is
too small in the presented motor, the skew of the rotor slots can only
be attributed to high-power asynchronous machines.

The developed two-rotor induction motor can also be manufactured
in various operating modes and in the program for changing the
direction of rotation of the working rotor. High-quality and well-
ventilated ventilation systems must be designed for machines with the
same and variable rotation. If the operating mode of the designed
machine has two directions of rotation, both internal and external fans
must direct air in only one direction. This direction should be in the
direction of the working rotor from the additional rotor. The problem
is that the copper winding of the working rotor has a heat source - a
short-circuit ring with a high resistance, which is located in the
opposite direction from the rotor, and a large amount of heat passes
through the ventilation system. For this purpose, centrifugal fans (both
internal and external) are designed to supply cooling air to the ducts in

24



both directions.

The main purpose of calculating the ventilation of the designed
electric machine is the choice of the ventilation scheme as a whole, as
well as the determination of the operation of the elements of the air
blower, thereby providing the required volume of the cooling medium
per unit of time.

The volume of air consumption (flow) is the volume of the medium
that passes through the cross section of the duct (duct) per unit of time.
It is the volume passing through all parallel ventilation paths per unit
of time or across the cross-section of inlet (outlet) distances that
applies to the entire electrical machine.

The flow rate Q is expressed in cubic meters per second and has a
simple relationship with the average speed ® of the duct in the duct
(4):

Q=wS ()
where S is the channel cross-sectional area.

The ventilation system was developed as a freely constructive sche-
me: in structural elements, ventilation passages were designed taking
into account the volume of heat, regardless of the speed of rotation,
cooling works efficiently, that is, regardless of the operating mode of
the engine, a constant speed of rotation of the additional rotor
contributes to this.

The ventilation system provides the direction of the ventilation
elements in only one direction, depending on which direction the rotor
rotates. Stability of ventilation is achieved through the use of both
internal and external fans of the machine”.

Centrifugal fans are designed for two-way rotation. Fans are loca-
ted on the second central axis of the machine and are driven by an
additional rotor: the rotation frequency is the asynchronous frequency
in the entire control zone.

MAIN RESULTS

When developing a two-rotor induction motor with a wide range of

5> Hesenbcon M.U. LlentpoGesxubie BeHTHIATOPHL- M.; [oceneproaromusaar, 1984,
€.225-263
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precise frequency control and having high electrical performance, the
following results were obtained:

1. The functions of the working rotor and the additional rotor inclu
ded in the design are informed and the operating principles are

clarified [3, 4, 9, 10, 12, 16].

2. When considering the rotation speed, the critical sliding varia-
bility is analyzed in accordance with the voltage fluctuations supplied
to the stator windings, and rotation speed graphs for changing voltage
values are shown [1, 17].

3. The structural characteristics of the working rotor were investi-
gated, the influence of the winding parts on the machine was clarified,
and images of a short-circuiting ring with high resistance and its effect
on the working process of the machine were given [2, 11, 15].

4. The volume of losses on the working rotor was taken into account
among the total losses. It was confirmed that the working rotor has a
copper wire, high magnetic conductivity, which helps to reduce losses,
and the volume of losses passing through the air space into the stator

missiles was compared. Compared to machines of the same power [5,
14].

5. A study is given of the heat sources in the machine and the
amount of heat generated, and also indicates the direction of use of the
ventilation system [13].

6. The developed design provides an effective ventilation system:
the ventilation system provides for the installation of a short-circuited
ring with a high resistance, which provides the flow of air-cooling
mass in the same direction where the generated heat is transferred
directly to the machine body, and not to the rotor volume. This process
leads to the fact that in the process of regulating the machine within
wide limits, the power removed from the shaft cannot be reduced [18].

7. When the rotor speed decreases, the air necessary for cooling in
the process of changing losses (increase or decrease) in one direction
or another does not decrease, and the engine is effectively cooled [19].

Despite a slightly modified design of the considered design of an
asynchronous machine, its use is very advisable, since it is possible to
obtain a wide range of rotational speeds, varying the voltage applied
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to the stator in several ways, and cheaper than other regulatory sys-
tems.
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HINXAJTUEBA CAAJIAT AILHAP rei3sl

PASPABOTKA U UCCJIEJOBAHUE KOHCTPYKIIUU
PEI'YJIMPYEMOI'O ACUHXPOHHOTI' O JIBUTI'ATEJIA

PE3IOME

Jucceprarus nocBsIeHa pa3paboTKe U NCCIIEA0BaHUIO KOHCTPYK-
LIMU JIBYXpOTOPHBIX AaCHHXPOHHBIX JIBUraTeNed, KOTOpPHIE MOTYT
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TOYHO PEryJHpOBaTh CKOPOCTH BPAICHUS MEXaHH3MOB, 3aJI€HCTBO-
BAaHHBIX B TEXHOJIOTMYECKUX MpoIeccax, U 00JaJaloT BBICOKMMHU
SHEPreTHYECKUMH XapaKTEPUCTHKAMU.

HoBast KOHCTpYKIMSI poTOpa UMeeT odlee MpecTaBIeHue O KO-
POTKO3aMKHYTOM POTOPHOM aCHHXPOHHOM [BHUTraTeie W NPHHIUIE
PEryIupoBKY CKOPOCTH BpatieHus. [laercs nndopmanust o GyHKIUAX
pabovero 1 JOMOIHUTEIFHOTO POTOPA, a TAKXKE Pa3bsICHEHbI MX MPUH-
munsl  paboTsl. [Ipu  paccMOTpeHHH peryaupoBaHHs CKOPOCTH
BpAIIEHUs] KPUTHYECKOE M3MECHEHHE CKOJBKCHHS aHAIN3UPYETCS B
COOTBETCTBUH C HANpPsDKEHHEM OOMOTKH CTaTopa M aHAJTM3HPYIOTCS
rpaduKy CKOPOCTH BPAIIEHUS ISl IEPEMEHHBIX HAPSKCHUH.

Beim rccnenoBaHbl KOHCTPYKTUBHBIE XapaKTEPUCTUKU POTOPA, U
OOBSICHAJIOCH BIMSIHUE OT/ICJIbHBIX YacTel 0OMOTKHU poTOopa Ha paboTy
nsurarens. beutn maHsl M300paXkeHns KOPOTKO3aMKHYTOTO KOJIbIIA,
UMEIOILIETO BBICOKOE CONPOTHUBICHUE M €ro BIUSHUS Ha paboumii
nporecc.

B psiny oOuimx BompocoB ObII paccMOTpPEH BOMpoc 00 oObeme
noTepb pabouero poropa. Ilo cpaBHEHHIO ¢ MalIMHAMU TOW JKeE
MOITHOCTH MEJIHBIH MPOBOJHUK POTOpA JAHHOTO JIBUTaTeNsl, BHICOKas
IPOBOAMMOCTh B MAarHUTHBIX LEMSX IOATBEP)KIAIOT yYMEHBIICHHUE
noTepb U 00beMa UX IMPOXOa Yepe3 BO3AYIIHBIN 3a30p K CTATOPYy.

Beimm Taxoke MpOBENCHBI HCCIENOBAHHMS HCTOYHHKOB TeIia MU
KOJIMYECTBA TeIlIa, BHACIIEMOr0 B MAIlIMHE, M HAIIPABICHHS IIPHUME-
HEHUS CHCTEMBI BEHTHIISALHH.

IIpu npoexTupoBanuu obecreunBaeTcst 3(p(EeKTUBHAS CUCTEMa
BEeHTWIALMK: B CHCTEME BEHTWIAILMH, 00ECHEeYMBAIONICH TaKOH e
MOTOK MAacChl OXJIQXKJAIOIIEr0 BO3/IyXa, KOPOTKO3aMbIKAIOIIee KOJb-
110 C BBICOKMM COTIPOTHBIICHHEM YCTaHABIMBAETCS TaK, YTO TEIJIO HE
NEPEHOCUTCST Ha POTOpP, a HEMOCPEACTBEHHO Ha CTaHMHY. B 3TOM
IpOILIECcCe JIENIAeTCs BEIBOJ O TOM, YTO B IIUPOKOM JIHAIIA30HE PETYIIH-
pOBaHUSl KaKk NpPaBUJIO MOIIb Ha Bally JBUTATENsl HE IOAJIECKUT
COKpAIICHUIO.

Kornma ckopocTh BpaiieHHs poTopa YMEHBIIAeTCs, W3MEHEHHE
HOTEpPh B TOM WJIM HHOM HAIIPaBJICHUH HE Jal0T BO3MOXXHOCTb YMEHbB-
IICHUIO OXJIAXKAAIOLIEr0 BO3JyXa M MallMHa Bcerna 3(PQGEeKTUBHO
OXJIQXKJACTCSL.
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SHIKHALIYEVA SAADAT YASHAR

DEVELOPMENT AND INVESTIGATION OF THE
DESIGN OF THE REGULATED ASYNCHRONOUS ENGINE

SUMMARY

The thesis is devoted to the development and study of the design of
Two - rotor asynchronous motors, which can precisely regulate the
rotation speed of the mechanisms involved in technological processes
and possess high-energy characteristics.

The new design of the rotor has a general idea of a short-circuited
rotor asynchronous motor and the principle of rotation speed
adjustment. Information on the functions of the working and
additional rotors is given, and their working principles are explained.
When reviewing the rotation speed control, the critical slip change is
analyzed in accordance with the stator winding voltage and the
rotation speed graphs for variable voltages are analyzed.

The design characteristics of the rotor were investigated, and the
effect of individual parts of the rotor winding on the engine was
explained. Images of a short-circuited ring with high resistance and its
influence on the working process were given.

In a series of general questions, the question of the volume loss of
the working rotor was considered. Compared to machines of the same
power, the copper conductor of this engine rotor, and the high
conductivity in magnetic circuits, confirms the reduction of losses and
the volume of their passage through the air gap to the stator.

Studies have also been conducted on the heat sources and the
amount of heat released in the car, and the direction of the ventilation
system.

When designing, an effective ventilation system is provided: in a
ventilation system providing the same mass flow of cooling air, a
short-circuit ring with high resistance is installed so that heat is not
transferred to the rotor, but directly goes to the frame. In this process,
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it is concluded that in a wide range of regulation, as a rule, the power
on the motor shaft cannot be reduced.

When the rotation speed of the rotor decreases, the change in losses
in one direction or the other does not allow for a decrease in the
cooling air and the machine is always efficiently cooled.

SIXOLIYEVA SOADOT YASAR quz1

TONZIM OLUNAN AsiNXRON N.[I"JHBRRiK.iN.
KONSTRUKSIYASININ iSLONMOSI VO TODQIiQi

XULASO

Dissertasiya texnoloji proseslords istirak edon mexanizmlorin
firlanma siirotlorini doqiq tonzimloyo bilon vo yliksok energetik
gostoricilorino  malik olan iki rotorlu asinxron miihorrikin
konstruksiyasininin iglonib hazirlanmasina vo todqiqatina hasr
edilmisdir.

Yeni konstruksiyali rotor qisa qapanmis rotorlu asinxron miihorrik
vo onun firlanma siiratinin tonzimlonmasinin prinsipine osaslanaraq
imumi anlayisa malikdir. Osas is¢i vo kdmokei rotorun funksiyalari
barado tam molumat verilmisdir va is prinsiplori tam izah edilmisdir.
Firlanma siirotinin tonzimlonmosini nozardon kegirdikda, kritik
stirisma  doyigmosi stator dolagina verilon gorginliyo goro tohlil
edilmisdir vo doyison gorginliklor {ii¢lin siirot qrafiklori analiz
edilmisdir.

Rotorun konstruksiyasinin xtisusiyyaotlori arasdirilmis vo rotor
dolaginin ayri-ayr1 hissolorinin miiharrikin iging tesiri izah edilmisdir.
Yiiksok miigavimoto malik qisa gapanmis halganin qrafiki goriiniiglori
VO onun masinin ig prosesing tosiri verilmisdir.

Umumi mosalolor sirasinda isci rotorun itkilorinin hocmi mosololori
nozordon kegirilmisdir. Eyni giicdo olan masinlarla miiqayisado, bu
miihorrikin  rotor dolaginin mis kegiricisindon olmasi magnit
dovrolorindaki itkilerin azalmasini vo onun hacmini hava araligindan
statora kegmosini tosdiqloyir.
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Istilik monbolori vo masinda omolo golon itkilorin miqdar
haqqinda, hamginin soyutma sisteminin tatbiq istigamati haqqinda
todqiqatlar aparilmigdir.

Yeni konstruksiya somoarali bir soyutma sistemi ilo tomin
edilmisdir: soyuducu hava il kiitlovi axininin bir ventilyasiya sistemi
hesabina tomin edilmosindo istiliyin rotora deyil, birbasa govdoyo
Otlirilmosi  {iclin  yiiksok miiqavimotli qisa qgapanmis halqa
quragdirilmigdir. Bu prosesdan bir qayda olaraq o qenaasts golmak olar
ki, genis diapazon araliginda tonzimlona bilon miihorrikin valindaki
giiciin azaldilmas1 miisahido olunmur.

Rotor siirati azaldiqda, bu vo ya digoer istigamatdo itkilordoki
doyisikliklor soyuducu havanin azalmasina mane olmur vo masin
homigs effektiv sokilds soyudulur.
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