ISSN: 2350-0328
International Journal of AdvancedResearch in Science,
Engineering and Technology
Vol. 7, Issue 7 , July 2020

Evaluation of Power Losses under
Asymmetrical and Nonsinusoidal Modes

I.Kh. Kholiddinov, M. Yulchiev, Kh.A. Eraliev, M.M. Kholiddinova

Vice-rector for Youth Affairs, doctor of philosophy in technical sciences Fergana Polytechnic Institute, Fergana,
Uzbekistan,
Doctoral student Tashkent State Technical University, Tashkent, Uzbekistan.
Assistant, Department of electrical energy, Fergana Polytechnic Institute, Faculty of energy , Fergana, Uzbekistan,.
Master, Department of electrical energy, Fergana Polytechnic Institute, Faculty of energy, Fergana, Uzbekistan.

ABSTRACT: This article discusses the issues of assessing power and electricity losses in relation to distribution
networks of power supply systems.
I. INTRODUCTION

A feature of distribution networks is a fairly simple structure, usually consisting of medium voltage network of 6-10
kV, a transformer substation with step-down transformers, and a low voltage network of 0.4 kV. As a rule, these are
fairly long networks made in the form of overhead lines (less often cable lines), through which end consumers are
supplied, mostly in the form of single-phase loads. This leads to the fact that often it is not possible to fairly evenly
distribute their load across all three phases, which in turn leads to an increase in network losses [1].

Il. THEORETICAL PART

To assess the power losses associated with the asymmetry and nonsinusoidality of the phase loads, the existing
calculation methods were considered, taking into account the influence of the asymmetry and the nonsinusoidality of
the load.

In the method presented in [2], it is proposed to estimate the power loss by the expression:
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where n - the harmonic number; I,- current of the n — th harmonic component; R; - the length of the network
section; k;, = 0,47+/n - the coefficient of change of the active resistance of live parts at the n-th harmonic.

As can be seen from expression (1), this method is applicable only to symmetric networks with non-linear load
for cables of all possible cross sections, and the losses in this case are not taken into account in the zero working
conductor.

Consider another method [3], which is based on expression (2):
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where kg, = 0,021Vf — surface effect factor; Kpn =%(§)2 —coefficient taking into account the effect of
, Sn

proximity of conductors in the power line; r, — specific resistance of a conductor to a direct current (taking into account
temperature), Om/m; I- chain length, m; f — v-harmonic frequency, Hz; d — conductor core diameter, mm; a — the
distance between the centers of the cores, mm.

Formula (2) as well as (1) are used to calculate symmetric nonlinear circuits. In addition, in these formulas,
along with harmonics, the conductor cross section and the location of the current-carrying conductors relative to each
other are also taken into account.

Copyright to IJARSET Www.ijarset.com 14354


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of AdvancedResearch in Science,
Engineering and Technology
Vol. 7, Issue 7 , July 2020
In the method of calculating additional power losses in asymmetrical networks of 0.4 kV with a zero working
conductor, given in [4], the basis is (3):
AP; = kyiléTeikai 3)

where k,,; — coefficient taking into account the number of phases of a circuit in a network section; 1% - effective current
on the network (current value of the current); r,; — line resistance; k,; — coefficient taking into account additional losses
from uneven phase load,;

T, T,
kgi = N2 <1 +15 iT) -15-24, “4)
Tpn Ton
2 2 2
where 1,7, ,,, — resistance of the zero working and phase conductor; N% = 3 % — coefficient of unevenness.
ATIBTIC

Expression (3) allows you to calculate additional losses in the zero working conductor. However, they are
determined only by the effective value of the current of the zero working conductor and do not take into account the
possible change in the resistance of the zero working conductor from the frequency of harmonic currents.

In the calculation method [5], which takes into account the influence of both asymmetry and nonsinusoidality on
active power losses in low-voltage three-phase networks with a zero working conductor, namely:

1.Phase losses

Active power losses in phase A:

40
APy = Topnla Y BaCKsn + Kpnpn) 5)
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where kg, = 0,021Vf — surface effect factor; Kpn = ;;S::ES“ (g)2 — coefficient taking into account the effect of
, Sn

proximity of phase conductors in a power line; rqpp - specific resistance of a phase conductor to direct current (taking
into account temperature), Om/m; | — phase chain length A, m; f —n -th harmonic frequency, Hz; dp,— phase conductor
core diameter, mm; a — average distance between centers of veins, mm; I, - current of the n-th harmonic in phase A.

To determine the average distance between the centers of the wires in the four-wire cable in Fig. 1 shows the
possible distances between the centers of the cores [6].

Fig. 1. Scheme of four-wire cable
Then

a= i/lABlBClCAlAOZBOlCO , (6)
where Liglpclealaolsolco - the distance of the corresponding cable cores.

Active power losses in phase B:
40

APg = 1opplp Z Iag (Ksn + Kpnen) ™
n=2

L - the length of the chain in phase B, m; 1.5 - the current of the n-th harmonic of phase B. Loss of active power
in phase C:

40

AP = ropnlc Z 12c(ksn + kpnpn) ®)

n=2
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L the length of the chain in phase C, m; I,¢ - the current of the n-th harmonic of phase C.

Losses of active power in the zero working conductor:
40

APy = 1oulo Z IELO(kSn + kpno) ) 9
n=2

Kpno = ;;j:llzs“ (g)2 — coefficient taking into account the effect of proximity of phase conductors in a power line; rq, -
, Sn

resistivity of the zero working conductor to direct current (taking into account temperature), Om/m; lo— length of the
circuit section of the zero working conductor, m; d— core diameter of the zero working conductor, mm; I, - current of
the n-th harmonic of the zero working conductor.

Then the total loss of active power in a three-phase network with non-linear and asymmetric load can be
determined by the expression [5]:

APy, = APy + APg + AP + AP, . (10)

I11. INVESTIGATION

A laboratory experiment of the calculation method [5] was conducted to confirm the assumption that additional
losses in cables increase with increasing degree of asymmetry and non-sinusoidal load.

The experiment was aimed at determining additional coefficients when changing the frequency of currents
flowing in the cable, as well as at determining losses in the zero working conductor not only from the main harmonic
currents, but also from non-linear components flowing in it due to asymmetric and non-sinusoidal loads.

The experimental setup included a four-wire cable, a three-phase programmable Malika instrument, and a
single-phase Fluke 43 power quality analyzer.

The Malika device is designed to measure power quality indicators in accordance with a programmable digital
signal model [7]. The device parameters are given in [8].

Appearance of the Malika device is shown in fig. 2.

Fig. 2 General view of the "Malika™

Theoretical calculations were performed according to [5]. The shape of the current curve in the zero working
conductor is shown in Fig. 3.
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Fig. 3. Theoretically calculated current shape in the neutral conductor

The effective current in phase A was 4.94 A, in the neutral conductor - 3.81 A. The deviation from the
experimental data was 2.92% and 4.4%, respectively.

The calculated shape of the current curve of the zero working conductor coincides with the shape of the current
curve shown in Figure 2, obtained in an experimental study.

IV. RESULTS

The power loss in the zero working conductor in the calculation was 1.75 W, experimental data - 1.4 W, in
phase A - 3.12 W and 2.75 W, respectively. This discrepancy is due to the high measurement error of the active power
with the Fluke 34 Power Quality Analyzer.

Comparison of power losses for the above case, calculated by various methods, is shown in table 1.
Table 1
Estimated power loss for various techniques

Method 1, W Method 2, W Method 3, W
7,917 8,117 9,172
The deviation of the values of active power losses calculated by the considered methods amounted to:

ap, = 2372~ 7917 ) 006 = 13,68%
17779172 0T SRR

b 9.172 = 8.117
2 9.172

+100% = 11,5%.
V. CONCLUSION

Comparison of active power losses in the calculation by various theoretical methods revealed a deviation that is
much larger than the permissible error, which raises the question of the reliability of these methods and the possibility
of their further application [9, 10].Such a high value of the deviation is due primarily to the fact that the considered
methods [2, 3] did not take into account the loss of active power in the zero working conductor, while this method was
eliminated in the method [5].
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