IIpoBeneHHBIE PaOOTHI 1O MCCICIOBAHUIO W3HOCOCTOMKOCTH Oe-
JIBIX M3HOCOCTOMKUX YYT'YHOB B JIAOOPATOPHBIX U MPOMBIILICHHBIX
YCIIOBUSIX CBHUIETEIBCTBYIOT, YTO JINThE C MPUMECHEHHEM JIHTEHHBIX
XOJIOMUIIBHUKOB TO3BOJISIIOT YBEIUYUTh M3HOCOCTOMKOCTH JeTajei
«HakoBabH» npobunku monenn KEV 96, ne menee, yem Ha 20%.
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VK 621.13
WAYS TO CONTROL ASYNCHRONOUS MOTOR WITH
PHASE ROTOR OF MINING MACHINES

Eshmurodov Z.0., Arziev E.L., Ismoilov M.T, Vinokurova A.N.,
Malikov S.SH.
Navoi State Mining Institute

The article describes various methods of controlling asynchronous motors
with a phase rotor. To solve the problems of controlling speeds and moments
in a modern electric drive, two main methods of frequency control are used:
scalar and vector. Advantages and disadvantages of scalar and vector con-
trol, voltage dependence are given.

Currently, in the existing electrical equipment of mining com-
plexes, asynchronous motors (ADFR) are widely used for powerful
(more than 300 kW) mechanisms with difficult conditions for start-
ing electric drives (EP): hoisting-and-transport mechanisms, electric
conveyors, etc. Today, the production process is controlled based on
the data of electromechanical systems by introducing additional ac-
tive resistances into the motor rotor circuit. This method of regula-
tion has already exhausted itself due to energy inefficiency [1].

The systems of parametric control of starting and speed control
of asynchronous motors with a phase rotor used at the enterprises of
the mining and metallurgical industry are uneconomical and do not
meet modern requirements for dynamic performance [2].
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One of the main ways to increase the energy efficiency of ADFR
is to improve control systems designed to operate as part of a fre-
quency-controlled electric drive.

Most modern AC drives for solving various problems are
equipped with a frequency converter (IF). Despite the variety of cur-
rent control algorithms and hardware options for implementing fre-
quency converters, there are typical solutions used by most manufac-
turers. The structure of frequency converters and the functions they
perform are as much as possible unified and standardized.

The adjustable electric drive solves two main tasks: control of the
moments and rotational speeds of the electric motor.

The need to regulate the moment on the motor shaft is dictated by
the technical and technological requirements for the electric drive.
For normal operation of the drive, it is necessary to limit the speci-
fied torque and motor current to permissible values in transient pro-
cesses of starting, braking and applying a load.

Management methods

To solve the problems of regulating speeds and moments in a
modern electric drive, two main methods of frequency control are
used: scalar and vector.

The most common today is an asynchronous electric drive with
scalar control. It is used as part of pump drives, fans, compressors
and other mechanisms for which it is important to maintain either the
rotation speed of the motor shaft (using a speed sensor) or a process
parameter (for example, the pressure in the pipeline, using the corre-
sponding sensor).

The main principle of scalar control is the change in the frequen-
cy and amplitude of the supply voltage is expressed by the formula

U/f, = const,
roen>1.

The specific type of dependence is determined by the require-
ments for an electric drive with a load. As a rule, the frequency is
taken as an independent effect, and the voltage value at a given fre-
quency determines the type of mechanical characteristic, the magni-
tude of the starting and critical moments (Fig. 1).

Scalar control ensures the constancy of the overload capacity of
the electric drive regardless of the frequency of the voltage, however,
there is a decrease in the torque developed by the motor at low fre-
quencies (at f <0.1 fnom). The maximum range for controlling the
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rotor speed at a constant torque for electric drives with scalar control
reaches 1:10.
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Fig. 1 — Scheme of the stand for taking characteristics of the
system of the frequency converter — asynchronous motor (FC-AM)

The scalar control method is relatively simple to implement, but
has two significant drawbacks. Firstly, in the absence of a speed
sensor on the motor shaft, it is impossible to regulate it when the
shaft rotates, since the load affects the rotation of the shaft. The
presence of a speed sensor solves this problem, however, there
remains a second significant drawback - the moment on the motor
shaft cannot be adjusted.

In 1971, SIEMENS proposed a vector control method to
eliminate the disadvantages inherent in scalar control. The first
vector-driven electric drives required motors with integrated flow
sensors. This significantly limited the use of such electric drives.

In modern electric drives, a mathematical model of the engine is
laid in the control system, which allows calculating the moment and
speed of rotation of the motor shaft. In this case, only current sensors
of the phases of the stator of the motor are necessary. Thanks to the
special structure of the control system, independent and almost iner-
tialess regulation of two main parameters is ensured - the torque on
the shaft and the rotation speed.

When using vector control, the following advantages are
achieved [3, 8]:

— high accuracy of speed control even in the absence of a speed sensor;
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— smooth rotation of the motor shaft in the low frequency region;

— the ability to provide a nominal torque on the shaft at zero
speed (in the presence of a speed sensor);

— quick response to load changes: during sudden jumps in load,
practically no jumps in speed occur;

— providing such a mode of operation of the engine, in which the
loss of heating and magnetization is reduced, and therefore, the effi-
ciency is increased engine.
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Fig. 2 — Dependences of voltage, current frequency and torque
on the motor shaft on time with scalar control:
1 —moment M; 2 — frequency f; 3 — voltage U; 4 — current I

More economical systems of the asynchronous valve cascade
(AVC) on mass hoisting-and-transport mechanisms (PTM) are rarely
used, since in difficult working conditions (humidity, steam, high
temperature) they are not reliable enough. The introduction of AVC
systems is difficult with the trolley power supply of the PTM electri-
cal equipment, since a short-term power interruption is accompanied
by a breakdown of the AVC inverter. Many PTM operate in an in-
tensive, intermittent, short-term mode; therefore, conventional AVK
systems require additional start-up nodes, and when adjusting speed
over a wide range, an AVK drawback is manifested, which consists
in a large consumption of reactive current by the inverter when oper-
ating at reduced motor speed [3, 4].
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The way out of this situation may be the use of high-voltage
ADFR control systems according to the scheme of an asynchronized
synchronous machine (AFM) with vector control over rotor circuits.

Consider some ways to control blood pressure.

There are two directions for improving the PTM electric drive
systems based on an asynchronous motor with a phase rotor:

First: for mechanisms where it is possible to use economical sys-
tems built according to the frequency and cascade principles, it is
necessary to develop new systems with increased overload capacity,
designed to work in repeated - short-term mode.

Second: a promising area is the development of a hybrid circuit
that combines the features of cascade and frequency methods of con-
trolling an asynchronous motor. The solution to this problem re-
quires the development of the foundations of the theory of cascade-
frequency and cascade-inverter control of an asynchronous motor
with a phase rotor.

ADFR-based progressive energy-saving electric drive systems
are hybrid systems built on the basis of a frequency and parametric
control system with induction resistance (IS), as well as frequency
and cascade electric drives that provide mechanical characteristics of
the excavator type. For the distribution of these electric drive systems
to the PTM, it is necessary to improve control systems and provide the
ability to work in intensive, intermittent and short-term operation.

In cascade systems of electric drives, which are used to obtain
single-quadrant mechanical characteristics, alternating voltage re-
moved from the contact rings of the ADFR rotor is fed through a
rectifier to the DC circuit.

The system of a frequency electric drive, built on the basis of an
asynchronous motor with a phase rotor and an IS, provides mechani-
cal characteristics of the "excavator" type with an open control sys-
tem. In a twin-engine electric drive, parallel connection of the valve-
resistor synchronizing block to the IC allows you to equalize the
engine speeds.

As a result, systems of a frequency-cascade electric drive, built
on the basis of an asynchronous motor with a phase rotor, make it
possible to derive the sliding energy from the rotor circuit to the DC
link and reuse it to power the stator winding when the voltage is re-
duced. Compared with traditional AVC systems, the consumption of
reactive power from the network has been increased, which is espe-
cially important for hoisting-and-transport mechanisms operating in
intensive inter-short-time mode.
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The electric drive according to the scheme of an asynchronous
valve cascade allows for non-contact smooth start-up and speed con-
trol of an asynchronous electric motor with a phase rotor, adjusting
the amount of slip of the rotor of the electric motor by introducing an
adjustable back-emf into the rotor circuit. The regulation of the EMF
of the rotor of the electric motor in the AVC circuit is ensured by
changing, according to a given law, the opening angle of the thyristors
of the corresponding DC converter, which is included in the rotor cir-
cuit as an adjustable counter-EMF and operates in inverter mode.

Thus, in the process of AVC operation, the sliding energy of the
rotor of the asynchronous electric motor is returned to the supply
network, due to which this electric drive circuit has a high efficiency.

Reference

1. Kotin D.A. Adaptivniye algoritmi bezdatchikovogo vektornogo
upravleniya asinxronnimi elektroprivodami  podyemno-transportnix
mexanizmov. Avtoreferat dis.k.t.n. Novosibirsk, 2010.— 18 p.

2. Mesheryakov V. N., Levin P. N., Zotov V. A., Asinxronniy el-
ektroprivod s chastotno-parametricheskim upravieniem dlya mex-
anizmov siklicheskogodeystviya // Sbornik nauchnix trudov molodix
uchenix. Lipetsk. LGTU, 2007.s. 56-60p.

3. Vektornoe upravienie dvigatelem. [Elektronniy dokument].
Rejim dostupa: http://engineering-solutions.ru /motorcontrol/ vec-
tor/#dtc_svm_sfo — 25.04.2016.

4. Eshmurodov Z.0., Raximov A Reguliruemie elektroprivodi v
mashinax i mexanizmax gornix kompleksov. //Materiali mejdunarod-
noy nauchno-texnicheskoy konferensii "Sovremennie texnika i
texnologii gorno-metallurgicheskoy otrasli i puti ix razvitiya" -
Navoi, 12-14 maya 2010 g — 505p.

5. Pugachyov E.V. Energosberegayushiy asinxronniy elektro-
privod / E.V. Pugachyov, A.S. Ivanov, P.R., Nusratov, V.S. Ivanov,
V.A. Korneev // Vestnik Kuzbasskogo gosudarstvennogo texnich-
eskogo universiteta, 2015 Ne5 (111). S. 111-116 p.

6. Sinyukova, T.V. Sistemi chastotnogo asinxronnogo elektroprivoda
s korrektiruyushimi elementami i pryamim upravleniem momentom. dis-
sertatsiya kandidata texnicheskix nauk. — Lipetsk, 2015.-166 p.

7. Miranda H., Cortes P., Yuz J.I, Rodriguez J. Predictive
torque control of induction machines based on state space models //
IEEE Trans. Ind. Electronics, 2009, Ne 6 pp. 1916-1924.

78



8. Casadei D., Serra G., Tani A, Zarri L., “Theoretical and ex-
perimental analysis of an induction motor drive based on stator flux
vector control”, Electromotion Journal 1999. 6 (1-2), pp. 43—48 p.

9. Direct torque control — the world’s most advanced AC drive
technology. Technicalguide Nel. ABB. [Elektronniy dokument]. Rejim
dostupa: https.//library.e.abb.com/public/ 14f3a3ad8f3362baci2578a
70041e728/ABB_Technical guide Ne 1 REVC.pdf — 1.03.2016.

VK 622.83.023.4:624.121
JUCTOPTHOCTDB B 'TEOTEXHOJIOI'MYECKHUX
CUCTEMAX

3103uH b.®., Muponos B.A.
Teepckotl 2ocydapcmeentbitl mexHUYecKull YHUGepCumem

TIpusedenvl OCHOBHbIE pe3VIbMAambl pa3gumus meopuu OUCMOPMHOCMU HA
npomsiceruu 25 1em co OHsl 66e0eHUA HOBO20 HAYUHO20 NOHAMU.
Ilpeocmasnena  ynueepcanvhas — mabauya  NPeoebHblX — UHEAPUAHIMOB
OUCTHOPMHOCMU.

Kak cBs3aHBI IpYT ¢ APYrOM SIBICHUS, IPOUCXOMAIINE B TE€OTEX-
HoJornyeckux cuctemax? Kakum oOpazom MOKHO Ooliee 10CTOBEp-
HO OTPAa3WTh 3aBUCHMOCTH MEXIy OIpPEICNAIOINMH BEIMIYHHAMH,
OTIHMCHIBAIOIIVMH 3T SIBICHUS?

Knaccuuecknii ammapaT eCTECTBO3HAHHS OBLT CO3/aH, MPEkae
BCEr0, Ha JMHEHHON OCHOBE paBHBIM M3MeHEHUsM. V3MeHeHue on-
HOW HE3aBHCHMOW BEJIIMYMHBI JOJKHO HENPENIOKHO OTBEYATh MPO-
MOPLMOHAIILHON CBSA3M € APYroil 3aBUCUMON BeauuumHOM. M XoTs
MPUMEPOB JIMHEWHOCTU HAIIEr0 MUPA MHOXKECTBO, BCSI IPUPOJA, HE
YKJIaJbIBA€TCS B PaMKH IIyCTh U CTPOrOM, HO, YBBI, JaJI€KO HE HIe-
JIBHOI cxeMbl. BHe 3THX paMOK — HO OJIMKe K peabHOCTH BIIACTBY-
€T HEeJMHENHOCTh. B mociienHue HecATHIIETHS, U OCOOEHHO B IIO-
CIIeITHHE TOBI CHIIFHO BO3POC MHTEPEC K OLIEHKE HETMHEWHBIX SBIIC-
HUH B Pas3iIUYHBIX OOJACTSAX 3HAHWH. J[OCTHIXKEHUS COBPEMEHHOM
HayKH U TEXHUKU HEBO3MOXKHBI 0€3 MPOYHO BOLIEIMINX B HUX HEJIH-
HEWHBIX npencTaBieHud. Ha HUX Ga3mpyercss TEOpHs HETUHEWHBIX
KoJIeOaHWH W BOJH, TEOPHUS AWHAMHYCCKUX CHUCTEM, TEOpHs KaTa-
cTpo(, CHHEpreTHKa, COBPEMEHHbIE TPEJICTABICHH 00 3BOJIIOIUH B
JIICCUINIATHBHBIX CTPYKTypax. PaboThl B 3TOM HaIlpaBiieHUH BBI3BAIN
B HayKe HACTOSIIYIO PEBOJIIOIMIO, a B TepMUHONOrHH (uiocodon
HOSIBUINCH BBIPAKEHUS «HEJIMHEHHOE MBIILIEHUE» U «HEJIUHEWHas
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