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MmeHee 25 % ot obmeMupoBoro 00bEMa IPOU3BOJCTBA
JJIEKTPOIHEPTHH B paMKax CTPEMJICHHI K CO3JaHUIo
YHCTOTO ¥ HaAEKHOTO HU3KOYTJIEPOAUCTOTO MUPOBOTO

9HeprobanaHca.
5. PaccmoTpenst TpH TII00aIbHBIX
IBTEPHATHBHBIX ~ CIEHAPUU  pa3BUTUS  MHUPOBOM

sHepretukn a0 2060, pa3paboTaHHBIX BcemupHBIN
sHepretnaeckum Cosetom: «J/xa3 mozepH» (Jazz
modern), «Heoxonuennast cumbonus» (Unfinished
symphony), «Xapa pok» (Hard rock). Ilo »tmm
CIEHApWsIM SIepHasl JHEpreTuka OyAeT YacThio
MHPOBOTO Heprodaianca, OIHAKO KaXKIbIA ClieHapHit
IpeAroaraeT pa3IniHyIo 00 SASPHONU IHEPTreTUKU
B MHPOBOM 3HeprodanaHce W JOBOJBHO OTJIMYHBIE
JpYT OT Apyra IMyTH Pa3BUTHSI.

6. Temnsl 1 HanpaByieHKs TIIO0ABHOTO MEpexoaa
K 0E3yIJIepoANCTOi SHEPTeTHKE SIBISIOTCS YacThIO
ropaszgo 0oiee MMPOKOTO KOMIUIEKCA OOIIEMHPOBBIX
n3MeHeHHH. B Hacrosmee Bpems mA€T mporecc Tak
HazpiBaeMoro  «borpmoro  mepexoma»  (Grand
Transition), KOTOPBIi npeanoaaraet
(yHAaMEHTaTbHBIH CONNATLHO-3KOHOMUYECKHH CIBHUT
B CBETE TPSIyHIeH 3pbl MU(PPOBOH M IKOIOTHICCKOM
spdekTBHOCTH. B  0Oojiee INIMPOKOM KOHTEKCTE
MepPCIIEKTHBBI aTOMHOI U APYruX (opM MpoU3BOACTBA
SHEPrHU OTIPEICIISIIOTCS CIJIOYKHBIM u
HETPEICKa3yeMbIM  B3aUMOJICHCTBHEM TJI00AIbHBIX
(axTopoB, TaKUX Kak JIeLIeHTpaIn3aLusl,
JnekapOoHu3auus, UU(pOBU3ALKS M TEONOJIHUTHKA.
[ToABIAIOTCSI MHOTOYMCIICHHBIC Pa3BWIKH Ha MyTH K
yCIICITHOMY 001eMHPOBOMY Hepexony K
HHU3KOYTJICPOIMCTON SHEPTETHKE.

7.Bcé Oompmie mpusHaérecs TOT (akt, dYTO
AfepHasi SHeprusi 3aiMET cBoé MecTo B Oynymiem
MHpPOBOM JHeprodaisaHce M OyJer crnocoOCTBOBATH
YCTOWYMBOMY PAa3BUTHIO.
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Summary. This article discusses indicators of the quality of electricity and their impact on the operation of
the main types of electrical equipment, issues of monitoring and improving the quality of electricity. In turn, the
normal operation of electrical equipment depends on the quality of electricity. The mutual influence of electrical
equipment and supply networks is called electromagnetic compatibility. The solution to the problem of
electromagnetic compatibility is associated with the determination and maintenance of optimal indicators of the
quality of electricity, at which the technical requirements are met with minimal cost.

AHHOTal.ll/lﬂ. B I(aHHOI\/'I CTaTbE€ pacCMaTPUBAIOTCA MMOKA3aTCIIN Ka4€CTBA DJICKTPOOHEPTUHN U UX BIIMAHUEC Ha
paboTy OCHOBHBIX BHIOB AJIEKTPOOOOPYIOBAHUS, BOIIPOCH KOHTPOIIS M YIIyUIISHHS Ka4eCTBa AIEKTPOIHepruu. B
CBOIO Ouepenh HOpMalbHas padoTa 3IeKTPooOOpYyIOBAHUS 3aBHCHT OT KadecTBA SJIEKTPOIHEPTHH. BiammHOe
BIIHSTHHE DJIEKTPOOOOPYIOBAHIS M IIUTAIOIINX CETEH Ha3hIBaeTCs 3JCKTPOMAarHUTHOW COBMECTUMOCTBIO. Pemenne
HpO6J’I€MBI 3H6KTp0MaFHHTHOﬁ COBMECTUMOCTH CBA3aHO C ONPEACICHUEM U IMOANCPKAHHUEM OITHMAJIBHBIX

HoKa3aTelell KadecTBa DIICKTPOIHEPIHHU,
MHHHMAJIbHBIMH 3aTPaTaMH.

TP KOTOPBIX  BBIIMOJIHAKOTCSA TEXHUYECKHUE TpeGOBaHI/IH C

Key words: electricity, frequency, voltage, technical, electrical network, loss, quality.
Kniouesvie cnosa: IJIEKMpOIHepcUuU, uacmoma, HanpANCeHusl, mexHuueCKuﬁ, dJIEKmMpU4ecKux cems, nomepu,

Kauecmeda.

Electromagnetic  interference in  electrical
networks of industrial enterprises, caused by powerful
nonlinear, asymmetric and shock loads, degrade the
operation of power electrical installations, automation
systems, communications and relay protection, which
can lead to a decrease in the reliability of power supply,
an increase in power losses, a deterioration in quality
and a decrease in the number of products. In this regard,
the problem of the quality of electricity arises, the study
of which is given much attention in industrialized
countries.

Electricity is a special type of product and has
certain characteristics that make it possible to judge its
suitability. The set of characteristics at which power
receivers are able to perform their functions are united
by the general concept of power quality, which is
assessed by indicators of power quality.

Power quality affects power consumption,
reliability of power supply systems, and the
technological process. Low-quality electricity causes
damage caused by damage to materials, disruption of
the technological process, deterioration in product
quality, reduced productivity, etc. - technological
damage. In addition, there is electromagnetic damage
from low-quality electricity, which is characterized by
an increase in electricity losses, failure of electrical
equipment, disruption of automation, telemechanics,
communications, etc. Ensuring the proper quality of
electricity leads to an increase in production efficiency.
Solving this problem, one should proceed from a
comparison of the expected effect of improving the
quality of electricity and the inevitable additional costs.

Modern production is characterized by the use
of such consumers of electrical energy, which affect the
quality of electricity supply networks. These include:
high-power rectifiers, electric arc steel-making
furnaces, welding machines, etc.

Electricity quality indicators: GOST 13109-97
"Standards for the quality of electrical energy in
general-purpose power supply systems" establishes the
following power quality indicators (PQE):

1) steady-state voltage deviation; §U,;

2) the range of voltage change; §U;;

3) the dose of flicker; P;;

4) the distortion factor of the sinusoidal voltage
curve; Ky;

5) voltage harmonic coefficient; K,

6) coefficient of voltage unbalance in the reverse
sequence;

7) zero-sequence voltage unbalance factor; K, y;

8) frequency deviation; Af;

9) the duration of the voltage dip; 4t,,;

10) impulse voltage; U, p;

11) temporary overvoltage factor. K.

When determining the PQE values, the
following auxiliary parameters of electricity are used:

- frequency of repetition of voltage changes; Fsy, ;

- the interval between voltage changes; 4t; ;,4;

- the depth of the voltage dip; §U,,;

- the frequency of voltage dips; E,;

- pulse duration at the level of 0.5, its amplitude;
tl/IMHO.S;

- the duration of temporary overvoltage. 4ty

The value of the PQE in the normal operation of
the electrical network should not go beyond the
maximum permissible values and, at the same time, for
at least 95% of the time of each day, it should remain
within the normally permissible values specified in
GOST 13109-97.

Control over the observance of the requirements
of the standard by power supply organizations and
consumers of electric energy is carried out by
supervisory bodies and test laboratories for the quality
of electric power accredited in the prescribed manner.

Electricity quality control (CE) at the points of
general connection of electricity consumers to general-
purpose power supply systems is carried out by power
supply organizations.

Control points are selected in accordance with
regulatory documents.

The frequency of PQE measurements is set as
follows. For steady-state voltage deviation - at least
twice a year, and in the presence of automatic counter
voltage regulation in the power center - at least once a
year. For other indicators - at least once every two years
with the unchanged network layout and a slight change
in the load that affects the quality of electricity.
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Frequency deviation: The frequency deviation
in hertz is the difference between the average f,and
nominal f,,,, frequency values: Af = f,-foy-

The averaged value of the frequency is calculated
as a result of averaging Nobservations f; over a time
interval of 20 s using the formula

N
f, =22l 1)

where is f; the actual value of the frequency for
the th i observation.

The number of observations must be at least 15.

Normally permissible and maximum permissible
values of frequency deviation are equal to +0,2and
+0,4Hz, respectively.

All frequency deviation values measured within
24 hours should not exceed the maximum permissible
value, and 95% of all measured values should not
exceed the normally permissible value.

The electromagnetic component of the damage is
caused by an increase in active power losses and an
increase in active and reactive power consumption.
Reducing the frequency by 1% increases network
losses by 2%. For an induction motor, the expression
[5] is valid:

U= EI = 4:44f1W1k061cDMa1(cv (2)

where is U, E; the supply voltage and the EMF
of the stator winding; f;- power supply frequency; W;-
the number of turns of the stator winding; k-
winding ratio of the stator winding; @,,,..- IS the flow
amplitude.

With constant voltage, lowering the frequency will
increase the flow. As a result, saturation increases, no-
load current increases, and losses in steel increase.

An increase in frequency leads to a decrease in
flow. This means that at a constant load torque, the
currents of the rotor and stator will increase. Active
power losses increase and motor heating increases. For
an asynchronous motor, permissible frequency change
Af = +2,5%. The above formula is also valid for the
transformer (k.s;=1).

A decrease in frequency leads to an increase in the
transformer flux, an increase in no-load current and
losses in steel.

The technological component of the damage is
mainly caused by under-production by the enterprise
and the cost of additional work time to fulfill the plan.
The value of technological damage is an order of
magnitude higher than the electromagnetic one. The
main reason for the damage is a decrease in the
productivity of technological lines and mechanisms due
to a decrease in the speed of drive electric motors,
mainly asynchronous ones. To determine the damage,
it is necessary to know the dependence of the change in
the rotational speed of the asynchronous motor on the
change in the network frequency and the dependence of
the performance of the technological lines on the
rotational speed of the induction motor.

Annual economic damage from frequency
reduction (in rubles) [2]:

y=Cc, /ﬁ(T—Tl) [ dt / 3)

where are C, the planned unit costs per unit of
production when operating at the nominal frequency,
rubles; P - productivity of technological lines per hour
at rated frequency; T- duration of work per year, h; T; -
duration of operation per year at nominal frequency; k
- the number of frequency changes per year; T;-
duration of frequency change, h; Pn- the dependence of
the performance of the lines on the frequency of
rotation of the asynchronous motor.

The rotational speed of an induction motor with a
fan torque of the load can be determined by the formula

214 2 2
VkgS k5-k;
n=n, (1_ f 2 HOM 3 10> (4)

akl 1-kZ)

where is n, the synchronous rotation frequency at
f = fuom: ¥, @ - correction factors taking into account
saturation of the magnetic circuit (1.05 - 1.15);
kf = f/fﬁ\I Suom; - rated slip; ky = U/Uyou;

ks = I/, - load factor; - k;o = I /11,0, Multiplicity
of no-load current.

21,2 2 1,2
Y kaHOM k3-kiy
n=ng (1- TN e 5)

2
1-kf,

At constant moment of resistance

Determination of damage, knowledge of its
structure makes it possible to develop scientific and
technical measures to reduce the negative
consequences of frequency changes. Maintaining a
normal frequency is a purely technical challenge. The
main way to solve it is to create power reserves in the
power system.

Voltage deviation: Voltage deviation is a
measure of the steady-state voltage deviation. This is
the difference between the actual and rated voltage, the
first being the average value of the positive sequence
voltage of the fundamental frequency over a set period
of time.

The normally permissible and maximum
permissible values of this PQE are 5 and 10%,
respectively. It is defined as follows.

For each i th observation over a period of time
equal to 24 hours, the effective value of the linear
(phase) voltage of the positive sequence of the

fundamental frequency is determined Ul(l)i- It is
allowed to use the formula

1
Uryi = 5 Wasyi + Upcyi + Ucaqy)  (6)

where are the Usp1yi, Upccyis Ucaqryi €ffective
values of the line voltages of the fundamental
frequency in the I -th observation, V, kV.
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Calculate the value of the averaged voltage U,,

value as a result of averaging Nobservations U(l)i or

Ul(l)i for a time interval of 1 min:

U — ?’=1Ui2 (7)
y N

where is U;the voltage value U(qy;0rUyqy; in the i
-th observation, V, kV.

The number of observations for 1 min must be at
least 18.

Next, the steady-state voltage deviationdUy in
percent is calculated:

U -UHOM
SUy = JL’]HT -100 (8)

The quality of electrical energy for the steady-state
voltage deviation at the point of common connection to
the electrical network is considered to be in compliance
with the requirements of the standard if all the steady-
state voltage deviation values measured for each
minute within 24 hours are within the range limited by
the maximum permissible value, and not less than 95%
of the values are within an interval limited by a
normally permissible value.

The main reason for the voltage deviation is the
change in the load in the networks. Large deviations
(and fluctuations) in the voltage in the supply network
occur when powerful (in relation to the short-circuit
power) power consumers operate, the load of which is
of a sharply variable nature (electric arc steel-making
furnaces, welding machines and powerful valve
converters).

When the voltage deviates, the performance of the
electrical equipment deteriorates. Let's consider some
of its types.

Lighting installations: When the voltage drops
by 10%, the luminous flux of incandescent lamps is
reduced by 30%, and when the voltage is increased by
10%, the lamp life is reduced by 5 times. The electrical
network must be designed so that in the event of an
emergency shutdown of a network element, the voltage
on the lighting lamps does not decrease by more than
12%.

Asynchronous motors: Let's analyze expression
(14). Let's assume that the load torque is constant and
the mains frequency is constant. Then a change in
voltage leads to a proportional change in flux. A
decrease in flux causes an increase in current, which in
turn leads to an overload of the motor, an increase in
losses in power lines and transformers. A 10%
reduction in voltage causes a 19% reduction in torque.
An increase in flux leads to an increase in no-load
current and an increase in losses in steel. In
asynchronous motors, when the supply voltage
changes, the rotor speed and the consumption of
reactive and active power change. Because of this, the
reduced costs of work change in comparison with the
working conditions at rated voltage by the value [2]

A3, = kAQ + B(AP + APyyp) +Van Y, 9)

Where AQ and AP increment of consumed
reactive and active power; - AP, -increment of active
power losses; Y,,- damage from changes in engine
speed; B - the cost of 1 kWh of electricity; Y-
additional costs associated with a change in the life of
the engine; k - unit cost of 1 kvar of reactive power.

Synchronous motors: With voltage deviation,
reactive power changes and, accordingly, active power
losses:

2py =1 (;2) + L (%) (0

QHGM
where Jl;and/l, are constant loss factors; Q and
Q..o CUrrent and rated reactive power.

When the mains voltage rises, the reactive power
supplied to the mains by the synchronous motor
decreases, and when the voltage decreases, it increases.

Valve converters: When the voltage rises, the
automatic control system increases the control angle,
which leads to a deterioration in the power factor. Thus,
an increase in voltage by 1% leads to an increase in the
consumption of reactive power by the converter by (1
+ 1.4)%. Other indicators improve with increasing
voltage. It is beneficial to increase the voltage within
the permissible range.

Electric furnaces: Lowering the voltage by 7%
leads to a 1.5-fold deterioration in the melting process.
Increasing the voltage above 1.05 U,leads to
excessive consumption of electricity.

With a decrease in voltage, losses in the networks
increase due to an increase in current, and the service
life of the insulation decreases.

For more details on the influence of voltage
deviation on electrical networks and electrical
equipment, see [4].

Voltage fluctuations

General provisions: Voltage fluctuations mean
rapid changes in its effective value, occurring at a rate
of at least 1% per second.

Voltage fluctuations are characterized by the
voltage swing and the flicker dose. In addition, when
evaluating these PQEs, such auxiliary parameters as the
frequency of voltage changes and the interval between
voltage changes are used.

The voltage range - the difference between the
following one after another extrema of the envelope of
the effective voltage values - in percentage is calculated
by the formula

s, =l 100

HOM

a1y

where U;, U;,,are the values of the following
extrema or extremum and the horizontal section of the
envelope of the effective values of the voltage of the
fundamental frequency, determined at each half-period
(Fig. 1).

It is allowed with a voltage distortion factor of
sinusoidality not exceeding 5%, to be determined as a
percentage by the formula
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one after the other extrema or extremum and the
horizontal section of the envelope of the amplitude
values of the voltage, determined at each half-period of
the fundamental frequency, V, kV.

The repetition rate of voltage changes during
periodic oscillations is calculated by the formula

At

i,i+1

time T; T - measurement time interval, taken equal to
10 min.

The interval between voltage changes in seconds
or minutes

(14

where are the initial moments of the following
changes 4t; ;.4 one after another, s, min.

Atyiq = tiys b
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Figure 1. Voltage fluctuations of arbitrary shape (a) and having the shape of a meander (b)

If the interval between the end of one change and
the beginning of the next, occurring in the same
direction, is less than 30 ms, these changes are
considered as one.

If the envelope of the voltage swing has a meander
shape (rectangular), the maximum permissible values
are determined §U.depending on the frequency of

repetition of voltage changes Fsy, or the interval
between voltage changes 4t; ;4 [1] along curve 1, and
for electricity consumers with incandescent lamps in
rooms where significant visual voltage - along curve 2,
shown in Fig. 2.
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Figure 2. Maximum permissible range of voltage changes

The measured peak-to-peak value must not exceed
the values determined from the curves.

The maximum permissible value of the sum of the
steady-state voltage deviation §U,and the voltage
swing for networks sU,with a voltage of 0.38 kV is
equal to 10% of the rated voltage.

The flicker dose is a measure of a person's
susceptibility to the effects of fluctuations in the
luminous flux (flicker) of artificial light sources caused
by voltage fluctuations over a set period of time.

It characterizes the power of voltage fluctuations
taking into account human perception of fluctuations in
the luminous flux of incandescent lamps and is
determined by the integral [4].

P =2 odt [° g7 (NG(f, t)df
(15)

Where g(f) are the values of the amplitude-
frequency characteristic (AFC) of the visual analyzer;
G(f,t) - frequency spectrum of the process of voltage
change at time t; 6 - averaging interval, taking into
account the effect of memory of perception, 6 = 300
ms; k - the coefficient is chosen in such a way that the
value corresponds to P, = 1the visual sensitivity
threshold.

The short-term dose of flicker is normalized Pg;,
determined at an observation time Tgginterval of 10
minutes, and a long-term dose of flickerP;;, determined

at a time interval T, of 2 hours. When the voltage
waveform is different from the meander, the maximum
permissible value of the short-term dose of flicker is
1.38, and long-term dose of flicker - 1.0. At the points
of general connection of consumers with incandescent
lamps in rooms where significant visual stress is
required, the maximum permissible values of the short-
term and long-term dose of flicker are 1.0 and 0.74,
respectively.

The flicker dose (short-term and long-term) for
voltage fluctuations of any form is determined as
follows:

1. Measure with a flickermeter for a time interval
Tgpequal to 10 minutes flicker levels (%) 2,
corresponding to the integral probability of 0.1; 0.7,
1.0; 1.5; 2.2; 3.0; 4.0; 6.0; 8.0; 10.0; 13.0; 17.0; 30.0;
50.0; 80.0%.

2. Determine with a flicker meter or calculate
smoothed flicker levels P;:

7

P = Py,7+P1,0+P15 P = P2 2+P30+P40
1S — 3 s 138 — 3

p __ P3o+Pso+Pgo
108 —

Pg+Pg+P1g+P13+P17 p
< s F505 = 3 ”

(16)

where are  Pig, Pss, Pios, PsosSmoothed
flicker levels at integral probabilities of 1, 3, 10, and
50%, respectively.

3. Determine using a flickermeter or calculate the
short-term dose of flicker Ps;, p.u., at a time interval of
10 minutes:

P, = /0,0314 - Py, + 0,0525 - Prg + 0,0657 - P3g + 0,28 - Pyos + 0,08 - Psgs

a7
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4. Determine using a flickermeter or calculate the
long-term dose of flicker P, p.u., over a time interval

T, of 2 hours:
311
P = ’521112:1 PSBtn

where is P, the short-term dose of flicker at the
n-th time interval during Tsj,the observation period T;.

The quality of electrical energy in terms of the
flicker dose is considered to comply with the
requirements of the standard if each short-term and
long-term dose of flicker, determined by measuring
within 24 hours or by calculation, does not exceed the
maximum permissible values.

Analytical methods for assessing the quality of
electricity with periodic and non-periodic voltage
fluctuations are described in [1].

The influence of voltage fluctuations on electrical
equipment: Voltage fluctuations in networks occur as a
result of the operation of powerful abruptly variable
loads: electric arc steel-making furnaces, welding units,
valve converters, etc. They adversely affect the
operation of electrical consumers.

Blinking of lighting lamps (flicker) causes an
unpleasant psychological effect, eye and body fatigue
and, as a result, a decrease in labor productivity. The
most powerful effect is the blinking of light with a
frequency of 3-10 Hz. With the same voltage
fluctuations, incandescent lamps have a greater effect
on a person than gas-discharge lamps.

The voltage swing 6U, = 10% can lead to
extinguishing of gas discharge lamps.

If U, > 15% the magnetic systems of the starters
may fall off.

If §U, = 10 + 15%capacitors and rectifier units
can fail.

Voltage fluctuations in the mains supply to the
electric arc furnace will increase the melting time.

(18)

The operation of continuous rolling mills is
disrupted due to the impossibility of maintaining the
ratio of the mill stands' speeds unchanged. The quality
of rolling is deteriorating. The misalignment of the mill
drive speeds occurs at §U,> 5%. Possible marriage,
under-production. The same effects cause voltage
fluctuations in the paper and textile industry.

Voltage fluctuations affect small induction motors
(torque fluctuations).

Oscillation of the turbine generators can occur,
resulting in effects on the turbine blades and regulators.
This affects the efficiency of the station. Voltage
fluctuations can cause erratic performance.

Voltage fluctuations lead to increased electrode
wear and reduced service life of electrolysis plants.

Voltage fluctuations have an effect on resistance
welding. At §U.> 3 + 5%, the quality of welding and
the reliability of equipment operation (welding control
schemes) decrease. The duration of permissible voltage
fluctuations (3 + 5)% is limited to no more than 0.2 s in
order to avoid false operation of the control equipment.

Voltage fluctuations can cause radio interference,
disrupt the operation and shorten the life of radios, and
distort images on TV screens.

Voltage fluctuations at §U,= 1 + 1.5% can cause
malfunction of the computer.

The question of the influence of voltage
fluctuations on individual electrical installations is
poorly understood. There is only accumulated
statistical material. Therefore, when designing
networks with abruptly varying loads, technical and
economic analysis is difficult.

Calculation of voltage fluctuations: Let us
consider the occurrence of voltage deviations and
fluctuations using the example of load operation with a
powerful valve converter. The equivalent resistance of
the supply network contains inductive X.and active
R.components. Ratio X./R. =10 + 30. The vector
diagram of the network is shown in Fig. 3.
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Figure 3. Vector diagram of the power supply network

When the valve converter is off, the bus voltage is
equal to the open circuit voltage, and assuming there is
no other load, it is equal to the system voltage. When
the load is switched on, the load current creates a

voltage drop across the system resistances, which leads
to a change in the voltage on the buses both in phase
and in amplitude.
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The wvoltage change is represented by
vectorsi,R,, jl,X., I,R. ji,X., and the voltage
decrease is mainly determined by the vectors IR, and
jI'pXc (6 < 10°). With a sufficient degree of accuracy,
the voltage deviation §U and range of change §U,can
be determined (in relative units) by the formula

LRc+IpXc

§U = 8U, ~ (19)

UHOM
The difference between deflection and voltage
fluctuations is only in the rate of voltage change.
The numerator and denominator are multiplied by
3Upou/Xc

3Unomla Rc
Waomlap 13y, PaE4Q
X c womlp X
SU = 6U, ~ —Xe ¢ = X
3UZom Sk
Xc
(20)

Where P and Q - active and reactive power of the
load; S, - short-circuit power on power buses.

A change in load also leads to a change in voltage.
Therefore, for Q = AQ and P = AP we get

Rc
APY +AQ  Ap(0,03+0,1)+AQ
Sk Sk

6U=6Ut =~

&y

For approximate calculations, you can take,%,

8U = §U, ~ 1002 22)

When determining the permissibility of voltage
fluctuations at the design point of the network, the
initial data are load graphs. If the load fluctuations are
different in value, then the equivalent voltage
fluctuation is determined. The range of the equivalent
voltage fluctuation,%, [2]

where 6Q; the value of the i --th range of reactive
power, determined according to the schedule; n - the
total number of swings during the calculation cycle. To
check the permissible &6U.,, the average vibration
frequency is calculated by the formula

fcp = ; 24

where T - is the cycle time of the load according
to the graph of changes in the consumed reactive
power.

Reducing voltage fluctuations in electrical
networks: Voltage fluctuations that occur during
abruptly alternating loads are practically proportional
to fluctuations in reactive power. Therefore, to
eliminate voltage fluctuations, it is necessary to use
compensating devices that meet the following
conditions:

a) have a speed corresponding to a change in the
reactive power graph;

b) have sufficient reactive power to compensate
for the alternating component (voltage fluctuations)
and the direct component (improving the power factor);

c) in case of a sharp voltage asymmetry, for
example, during the operation of electric arc furnaces,
it is necessary to control compensating devices in
phases.

Longitudinal  capacitive = compensation  of
parameters allows to reduce the inductive X, and
impedance Z, of the line. It is carried out by including
capacitors in the line cut. The use of longitudinal
compensation units (UPK) is most effective at a large
ratio X,/R,, as well as at low values of the power factor.
UPK are used for power supply of welding installations
and ore-thermal furnaces.

Load sharing helps to reduce voltage fluctuations.
The simplest is the scheme with a double reactor: quiet
and fast-changing loads are connected to different
sections of the reactor (Fig. 4). The voltage drop across
each of the sections is reduced due to the mutual
inductive coupling.

100 |2, 807
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Figure 4. Loads supply circuit using a dual reactor: 1 - quiet loads; 2 - shock loads

We assume that the load currents of the sections
I, u Lare equal, the inductive resistance of the reactor
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section X;, and the coefficient of mutual inductive
coupling k, = M/L =0,5+0,6. Then the voltage
drop across the sections

AU = XL(il - kmiz) = XL(jZ - kMil) = XLil(Z)(l — k)

decreases by about half, which leads to a decrease
in voltage fluctuations on the buses of a quiet load.
Split-winding transformers are also used for load
sharing. The relationship between the voltage drops on
the low side AU, and AU, can be represented as [2]:
4k,

AUZ = AU3 Tkp

25)

where is k,, = Uy(,-3)/ U the splitting coefficient,
on average equal to 3.5; U,,_3) - short-circuit voltage
between the split secondary windings of the
transformer; - U,voltage of the through short-circuit
transformer.
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THEORETICAL AND PRACTICAL MEHTODES FOR DETERMINING THE OPTIMAL CUTTING
CONDITIONS FOR METALS AND ALLOYS USING UNIFIED CUTTERS

Paxynoe IOpuii Ilasnosuu

Kano. mexm. HayK, Ooyenm

Aobpamoe Banepuit Bacunvesuu

0-p mexH. HayK, npogheccop

Paxynoe Anexcanop Opvesuu

unorcenep; Hayuonanvnulii uccnedosamenvckuti

Mockoeckuii 2ocyoapcmeenHblii cmpoumenvHulil yHugepcumem, Poccus.

TEOPETUYECKHUE U TIPAKTUYECKHUE METOAbI OITPEAEJEHUS PEXKUMOB
OIITUMAJIBHOI'O PESAHUSA METAJIUIOB 1 CIINTABOB YHU®UILINPOBAHHBIMU PE3IIAMUA

Summary. The article considers the scientific and technical approaches to the problem of determining the
cutting speed during the machining of the working surfaces of machine parts with a unified tool on CNC machines.
A comparison was made of the optimum cutting temperatures obtained during steel turning with the temperatures
of their structural-phase a—y transformations. Methodological errors of researchers on the purpose of tool life and
cutting speed, based on Taylor's formulas, are analyzed. Accelerated methods for determining the optimal cutting



