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BJIMAHUE KOOO®PUILUEHTA 3ATI'PY3KU ACUHXPOHHBIX
JIBUT'ATEJIEA HA IOTPEBJIEHUE PEAKTUBHOM MOIIIHOCTH
INFLUENCE OF LOAD FACTOR OF ASYNCHRONOUS
ENGINES FOR REACTIVE POWER CONSUMPTION

AnHoTtaumsi: Haubonee pacnpocTpaHeHHBIMH IOTPEOUTENAMU  BJIEKTPOIHEPTUU  HA
IMPOMBIINIJICHHBIX MPCANPUATUAX ABJIAIOTCA ACUHXPOHHBIC ABUI'ATCIIN. OHH COCTaBIIAIOT OCHOBHYIO
qacCTb HpOMLIH.IJ'ICHHOfI Harpys3KHu. HpI/I O9TOM ACMHXPOHHBIC JIBUTATCIIN TAKKC SABJIAIOTCA KPYIIHBIMU
MOTPEOUTENAMU PEAKTUBHOW MOIIHOCTH. OHU HCHONB3YIOT 0K0JI0 40% peakTUBHOW MOILHOCTH,
HOTpe6J'I$IeMOI71 B IIPOMBINUICHHBIX 3JICKTPUYCCKUX CCTAX. Takum o6pa30M, KaK IIOKa3aJl aHaJIu3,
KOd(ppuImeHT 3arpy3kd acCHHXPOHHBIX JBUTATEJCH OKa3bIBA€T CYIIECTBEHHOE BIIMSHHE Ha
HOTpC6J’ICHI/Ie 200%051 peaKTHBHOﬁ MOIIHOCTH. YMeHbllIeHHuE KOB(I)(I)I/IL[I/ICHTB. 3arpy3ku aCMHXPOHHBIX
JBUTaTeNIel MPUBOJUT K YBEIMUYEHHUIO MX KO3(p(dULMEHTAa PEeaKTUBHOW MOIIHOCTH, YTO, B CBOIO
04€pEab, BIUACT Ha YBCIMYCHHUC tg([) IIPOMBIINIJICHHOI'O IIPEAIIPHUATUA B LICJIOM. Cnez[yeT OTMCTHUTD,
4TO CCTOJAHsA B YCJIOBUAX COKpAIICHUA OGLGMOB IMPOMBIIIJICHHOI'O IPOU3BOJACTBA 3HAUYUTCIIbHAA OOJIA
peaKTHBHOﬁ MOIIHOCTH, HOTpe6J'I$IeMOI71 ACUHXPOHHBIMHU JIBHUIaTCIIIMU  Ha IMPOMBIIIJIICHHBIX
HNpeanpusaTHsIX, o0ycioBlieHa MX Majloll Harpyskod. Ilpum cucremaTuueckoi HeIorpyske
ACHHXPOHHBIX I[BPIFaTeJ'Ieﬁ Ha TPOMBIIUJICHHBIX IPCANPUATHUAX B IICPBYIO OUCPCIb H606X0,I[I/IMO
MNPUHATH MCPLI MO0 YBCIIMYCHUIO UX 3arpy3KH IIYTEM ONTUMH3AIWHN TECXHOJIOTHYCCKOI'O IMpouecca u
YBCIIMUCHUA HAI'PY3KH Ha IMIPOU3BOJCTBCHHOC 060py,[[0BaHI/Ie.

Abstract: The most common electrical consumers in industrial enterprises are asynchronous
motors. They constitute the bulk of the industrial load. At this asynchronous motors are also large
consumers of reactive power. They use about 40% of the reactive power consumed in industrial
electrical networks. Thus, as the analysis showed, the load factor of asynchronous motors has a
significant impact on their consumption of reactive power. Decrease in coefficient loading of
asynchronous motors leads to an increase in their reactive power factor, which, in turn, affects the
increase tgp of the industrial enterprise as a whole. It should be noted that today, in conditions
reduction in industrial production volumes a significant share of reactive power consumed by
asynchronous motors at industrial enterprises is due to their low load. In case of systematic under
loading of asynchronous motors at industrial enterprises, first of all measures must be taken to
increase them loading by streamlining technological process and increasing the load on production
equipment.

KaroueBble cjioBa: ACUHXPOHHBLIC JBUTATCIM, PCAKTUBHAA MOIIHOCTD, HOTp€6I/IT€JII/I
AJIEKTPOIHEPTUH, KOIP(UIIMEHT Harpy3KH, 4aCTOTA BpaIlEHHUS

Keywords: asynchronous motors, reactive power, electrical consumers, load factor,
frequency rotations

Introduction. The modes of adjustable motors, unlike conventional electric machines, are
characterized by given ranges of possible maximum changes in energy consumption, rotation speed,
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voltage and other energy parameters. In this regard, when developing engines and their operation, it
IS necessary to set not specific values of these parameters, but their ranges of change.

It is the operating modes of asynchronous engines often have a significant impact influence
on the total reactive power consumed by an industrial enterprise, and how consequence, on the value
of the reactive coefficient power tgp of an industrial enterprise, the value of which is normalized in
[2] depending on the level of the rated voltage of the electrical network. In this regard, it seems
appropriate to analyze the reactive power consumption of asynchronous motors with in order to
further develop recommendations for their rational operation, which would be aimed at natural
reduction reactive power consumed by electric motors, and, ultimately, to reduce the value of tgp of
the industrial enterprise as a whole.

Setting the main issue. In general, the reactive power consumed by an asynchronous motor
consists of two components: reactive power magnetization QO, spent on creating no-load magnetic
flux, and reactive power of stray fields Qp and is determined by formula (1):

Qm =Q +Qp = Qp + Quom 'k|21 (1)

where Qnom is the loss of reactive power in an asynchronous motor due to dissipation at rated
load, kVar; kl = P/Pnom — load factor of the asynchronous motor in terms of active power; P — active
load power of the asynchronous motor, kW; Pnom — rated power of the asynchronous motor, kW.

From formula (1) it follows that reactive power QO does not depend on the load, while reactive
power Qp varies proportionally to the square of the load factor of the asynchronous motor. In [3]
formulas are given to determine components of reactive power QO and Op consumed by an
asynchronous motor. Based on these formulas, as a result of a series of mathematical transformations,
we obtained a formula for determining the reactive coefficient asynchronous motor power:

1 1
-70'R+(tg¢nom _1'70'R)'kl2

nom nom

gy =
Mnom * kI (2)

R=\1+19°0.,

where 10 is the no-load current of the asynchronous motor, A; Inom — rated current of the
asynchronous motor, A; tgpnom — nominal coefficient reactive power of an asynchronous motor;
nnom — rated efficiency (efficiency) of an asynchronous motor.

From formula (2) it is clear that the reactive power factor of an asynchronous motor depends
on the value of its load factor. That's why for the purpose of assessing the impact of load factor of
asynchronous motors for their consumption of reactive power, the relative values of the no-load
current of asynchronous motors were determined, and then, in accordance with formula (2), the values
of their reactive coefficient power at different values of load factor kl in the range from 0 to 1. Initial
of the data for the calculations were the catalog data of electric motors given in [4, 5] and in
manufacturers' catalogs. We considered asynchronous motors of the 4A and Al series of the basic
design with rated power

0.06-250 kW with various synchronous frequency rotations that have become widespread at
industrial enterprises. According to the results calculations for each of the considered electric motors,
graphs of the dependence of the reactive power factor on load factor tgep = f (kl).

As calculations have shown, the value of tg¢ of asynchronous motors significantly depends
on the relative value of their no-load current. In during the analysis of the obtained results, it was
established that the relative value of the no-load current and the zge value turned out to be
approximately the same for groups of asynchronous motors series 4A with synchronous speed
n=3000 rpm in the rated power ranges 0.09-0.25 kW, 0.37—4 kW, 5.5-45 kW and 55-250 kW and
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for Al asynchronous motors with that the same synchronous speed in the ranges rated power 0.09—
0.25 kW, 0.37-4 kW, 5.5-45 kW and 55-90 kW. This allowed us to approximate the dependences
tgp = f (kI) for the given groups of asynchronous motors using a power approximating function.

In this case, the coefficient of determination R2 turned out to be close to unity, which indicates
a high degree of closeness to the approximation of experimental data by the selected approximating
function. Approximated graphs

The dependences zgp = f (kl) for asynchronous motors of the 4A and Al series of the main
version with a synchronous rotation speed n = 3000 rpm are shown in Fig. 1 and 2 respectively.
Similar calculations were carried out for asynchronous motors of the 4A and Al series of the basic
design with synchronous rotation speeds n = 1500; 1000; 750 rpm, and according to the results
calculations for these electric motors also approximated graphs were built dependences tgp = 1 (KI).

Analysis of the dependence graphs tge = f (kl) showed that the loading of asynchronous
motors significantly affects their consumption of reactive power. This dependence is manifested in
the fact that with a decrease in the load factor of asynchronous motors, the value of their tge, and,
consequently, the amount of reactive power they consume, increases. At the same time, as follows
from the dependence graphs in Fig. 1 and 2, a significant increase in tge of asynchronous motors is
observed when they are loaded at less than 40-45% of the rated power. When the load on
asynchronous motors decreases to less than 10% of the rated power, there is a sharp increase in tge
and reactive power consumed by the electric motors. In this case, the value of tge of asynchronous
motors at low loads is several times higher than the value of the reactive power factor normalized in
[2]. Based on this, we can conclude that the reactive power consumption of asynchronous motors
depends on their load to a much greater extent compared to power transformers [6].

From the graphs in Fig. 1 and 2 it is easy to see that the value of the reactive power factor of
asynchronous motors also increases with a decrease in their rated power. This is due to the fact that
the design of asynchronous motors is such that with a decrease in their rated power, the relative size
of the air gap and, accordingly, the relative value of the reactive power they consume.
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Figure 1. Graphs of the dependence tge = f (kl) for asynchronous motors
of the 4A series of the basic design with a synchronous rotation speed n = 3000 rpm:
1-0.09-0.25 kW; 2 — 0.37-4 kW, 3 — 5.5-45 kW, 4 — 55-250 kW
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Figure 2. Graphs of the dependence tge = f (kl) for asynchronous motors
of the Al series of the basic design with a synchronous rotation speed n = 3000 rpm:
1-0.09-0.25 kW; 2 — 0.37-4 kW; 3 — 5.5-45 kW; 4 — 55-90 kW

In addition, comparison of dependence graphs tge = f (kl) for asynchronous motors of series
4A and Al made it possible to establish that asynchronous motors of the 4A series have a higher value
reactive power factor compared to asynchronous motors of the Al series (this is especially true for
low-power electric motors).

This is largely due to the fact that in asynchronous motors of the Al series, more high-quality
cold-rolled electrical steel. As a result of this, the losses in the steel of asynchronous motors are
reduced, and at the same time the magnitude of the reactive magnetizing power is reduced, consumed
by electric motors [7].

If after implementation of these measures rated power of asynchronous motors remains
significantly overestimated in relation to their load power, then it must be done replacement of lightly
loaded asynchronous motors electric motors of lower rated power. Based on experience in operating
asynchronous motors, it is believed that if their average load is less than 45% of the rated power, then
replacing asynchronous motors with less powerful ones is appropriate. When loading asynchronous
motors more than 70% of the rated power, we can consider that replacement in the general case
inappropriate. In the event that the average load of electric motors is 45-70% of the rated power, then
the feasibility of their replacement must be confirmed by technical and economic calculations [3].
Dependency Analysis zgp = f(kl) for asynchronous motors of series 4A and Al confirms the validity
of these recommendations.

If it is impossible to replace lightly loaded asynchronous motors with electric motors of lower
rated power, it may be advisable to reduce the voltage by their clamps. Reduced voltage supplied to
the windings of an asynchronous motor, to a certain minimum permissible value leads to a decrease
in the reactive power consumed by the electric motor due to a decrease in the magnetizing current.
At the same time active power losses are reduced and, consequently, the efficiency of the electric
motor increases [8].
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On in practice, the following methods are known to reduce voltages in lightly loaded
asynchronous motors: switching the stator winding from triangle to star; sectioning of stator
windings; reducing the voltage in networks feeding asynchronous motors by switching branches of a
workshop transformer.

The result. Among the measures aimed at rationalizing the operation of asynchronous motors
are can also be attributed to the duration limitation idle move. If the idling intervals of asynchronous
motors are sufficient are large, it is advisable to turn off the electric motors from the network. Active
consumption and especially reactive power is significantly reduced.

Thus, carrying out activities to rationalization of the operation of asynchronous motors
industrial enterprises should have is aimed at a natural reduction in the amount of reactive power they
consume, a decrease in tgg of asynchronous motors and, thus, should help maintain standardized
values of the reactive coefficient power in industrial electrical networks and a significant increase in
the overall energy efficiency of industrial enterprises.
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