Software for computation of power losses
IN unbalanced and harmonic polluted
iIndustrial electric networks

Prof. Dr. Eng. Mircea Chindris
Technical University of Cluj — Napoca, Romania
Power System Dept.
Mircea.Chindris@eps.utcluj.ro

As. Prof. Dr. Eng. Andrei Cziker and Ph.D. student Anca Miron

Technical University of Cluj — Napoca, Romania
Power Systems Dept.
Andrei.Cziker@eps.utcluj.ro
Anca.Miron@eps.utcluj.ro

Keywords
industrial electrical networks, power losses, harmonic pollu-
tion, unbalance, software product

List of symbols
In this paper are used the following symbols:

AP,,, - total active power losses on electric lines,
AP, ..., — total active power losses on transformer wind-
ings,

AP, AP, - active power losses on line i (i=1,2,3) and neutral
respectively,
AP, ., AP, ; - active power losses in every transformer phase,

on primary, respectively secondary windings,

AP

n, short _ circuit

- nominal (tested) active power losses in trans-
former windings,

AP, - active power losses through eddy currents,

Ry, R, 4, R, ; - harmonic resistance, of line and transform-
er respectively,

Iy, — rms. value of current on line i, and neutral respec-
tively,

I, - rms. value of the fundamental current,

I, - rms. value of range k harmonic current.

Abstract

The electromagnetic phenomena in the industrial electric pow-
er networks have reached a level of complexity so high that
their accurate knowledge has imposed the developing of com-

plex software products, including expert systems, which can
satisfy these expectations.

Particularly, the unbalanced and non-sinusoidal working
conditions have a negative impact on both individual com-
ponents of the electrical system and the whole system. The
knowledge of distribution losses, which depend on the techni-
cal and operation characteristics of the electric network and
on the distortion and unbalance degree of the current and/or
voltage waveforms, is necessary in order to establish the net-
work parameters and working state. Power losses calculus al-
lows setting the electrical energy distribution cost, estimating
the efficiency of the losses reduction solutions, etc.

Looking for computation of power losses in the industrial
electric networks, taking into account the necessity of making
complex mathematic calculations and considering the number
of parameters that influence these power losses during an un-
balanced and non-sinusoidal state, the authors have developed
an original software tool which satisfies this goal, and quickly
provides accurate results.

The paper presents this software, by describing its method-
ology and the mathematic equations that have been used to
determine the electric power losses for radial electric networks
working in unbalanced and harmonic polluted conditions.

Introduction

In our days, the electric power systems possess a unique work-
ing state, characterized by the existence of electromagnetic per-
turbations, which have a negative impact on the components of
the electric systems. In the recent years the number of non-lin-
ear and single-phase loads, that introduce harmonic currents
and unbalances and amplify the existing distorted regimes, has
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grown alarming; as a result, in the distribution electric systems,
the current and voltage waveforms have reached a very high
level of distortion. The disturbing customer absorbs from the
power supply more active and reactive power than it needs and
puts out in the power system a part of them as harmonic or
unbalance power (Cziker, 2004).

During the process of consumers supplying, it occurs losses
in the generation, transmission and distribution stages. De-
pending on the structure of the power network, working con-
ditions etc, the level of energy losses ranges between 10 % and
15 % from the energy produced by the power plants (Chindris,
2005). An important effect of the harmonic distortion and un-
balance is the increase of power and energy losses in all ele-
ments of the power system.

The knowledge of power and energy losses is necessary to es-
tablish the network characteristics and working state, to set the
electrical energy cost, to estimate the efficiency of the losses re-
duction solutions etc. Thus, the power engineers have to know
the power losses of every component of the electric power sys-
tem in the stage of design, development and operation.

In spite of the above-mentioned facts, the power designers
calculate the power losses considering a sinusoidal balanced
regime, and this approach can lead to under sizing of the net-
work’s elements, especially lines and cables. In the operation
stage, it can generate many malfunctions or even failure of the
entire power system.

In conclusion, in order to implement an accurate design of
a power network, in concordance with its real working regime,
and to obtain power losses close to reality, it is necessary to
perform complex accurate calculations, to take into considera-
tion many parameters. Thus, the authors have created a soft-
ware program, named CPL, able to compute power losses in
lines and transformers, considering a harmonic unbalanced
regime.

Analytic support
Physically, the total power losses in any power system are the

sum of the power losses located on:

¢ line conductors and windings of the transformers through
Joule effect;
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the magnetic core of transformers, through eddy currents
and hysteresis phenomenon;

lines of 220 kV and higher rated voltage, through corona
phenomenon;

dielectric of the high voltage insulation (Eremia, 2006).

Only losses caused by eddy currents and Joule effect are consid-
ered in this paper. For a reasonable evaluation of power losses,
the influence of non-sinusoidal and unbalance conditions in
power networks is considered, under the following hypoth-
esis:

e supply voltages are balanced and have sinusoidal wave-
forms;

transformers windings resistances and inductances are
equal for all three phases;

e transformers are not saturated.

Taking into account the unbalance of load currents, additional
power losses appear in transformer windings through eddy
currents and Joule effect. In a non-sinusoidal and unbalanced
regime, the Fourier series expansion leads to unbalanced fun-
damental and harmonic currents systems; each of them can be
decomposed in three symmetrical systems. Of special interest
are triple harmonics, which add up in the neutral conductor of
low voltage three-phase networks with Wye connection. Under
these conditions, through each line conductor flow fundamen-
tal negative, positive and zero sequence currents and harmonic
negative, positive and zero currents; through the neutral con-
ductor flow only harmonic zero sequence currents (Chindris,
1999).

Based on these assumptions, the relationships presented in
Table 1 were used for the calculation of power losses.

Software

CPL calculates the power losses in electric lines and transform-
ers in three-phase, three and/or four wires, industrial electric
networks working in non-sinusoidal and unbalanced condi-
tions. The Borland C++ Builder visual environment was used
for software developing. CPL has two parts: a friendly GUI
(graphical user interface) and the operating modules, further
presented on this chapter.

Table 1. Power losses in electric lines and transformers for different working states

sses Active power losses in electric lines Active power losses in transformers
Working reg [W] [W]
Sinusoidal and AP. =3-R 12 —
balanced line — f 1 transf,w — n, short _ circuit

AP, =3-Q R, I}). k=1N

Non-sinusoidal
and balanced

AP, k=1,N

APrran@f, w 3 : (ZRp,fk ! I;k +2Rs,ﬂ< ’ Isz,k)+

Sinusoidal and

_ (72 2 2 _
unbalanced APline:(112+122+132)'Rf+11%/'RN APtmnf,w_(Ix,l+Ix,2+lx,3)'Rx’x_p,S
Non-sinusoidal _ _
and unbalanced | ABine = AR + AP, + AP, + AP, AP,y =AP, +AP _ +AP,,x=12,3
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Figure 1. GUI, Main window

Input data - Electric lines

Figure 2. Auxiliary window: input data for calculation of active and reactive power losses in electric lines

GRAPHIC USER INTERFACE
The graphic user interface represents the component of the
software with which the user comes in contact. Through it,
the user introduces the input data and obtains the output data.
CPLs GUI consists of one main window, presented in Figure 1,
and several auxiliary windows.

The main window contains a menu bar (1); a toolbar (2) and
a one-line electric distribution network diagram (3). The menu
bar has three fields: Software, Power losses, with two sub-fields
(Electric lines and Transformers), and Help.

By accessing the field Power losses, the user can get both
active and reactive power losses for only one power element:
electric line or transformer.

The toolbar contains shortcut buttons to some auxiliary in-
put data windows. As in the case of the menu, using toolbar’s
shortcuts, the user can determine power losses only for a dis-
tinct power element, but besides he can get active and reactive
power losses separately. If the user wants to obtain power losses
for more then one element, he can use the one-line electric
diagram (Figure 1, 3).

The dialog windows, represented by auxiliary windows,
allow to introduce input data and to display results. Figure 2
presents an example of an input data window.
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Figure 3. CPL’s working principle block diagram.

Table 2. Input data for electric lines power losses.

er of conductors
Power’s type

Electric networks without neutral

Electric networks with neutral

Active power

- phase conductor cross-section [mez];
- conductor conductivity [m/Qmm?®];

- conductor length [m];

- rms value of harmonic currents [A];

- harmonic currents’s angles [rad].

- phase and neutral conductor cross-section [mm-];

- conductor conductivity [m/Qmmz];
- conductorlength [m];

- rms value of harmonic currents [A];
- harmonic currents’s angles [rad].

Reactive power

- phase conductor inductance [Q/km];
- conductor length [m];

- rms value of harmonic currents [A];
- harmonic currents’s phase [rad].

- phase and neutral conductor inductance [Q/km];

- conductor length [m];
- rms value of harmonic currents [A];
- harmonic currents’s phase [rad].

Table 3. Input data for transformers power losses

currents;
- load power [kW].

Calculus Aproximate Advanced
Transforme
- nominal rating [kVA]; - nominal rating [kVA];
- primary, secondary nominal voltages [kV]; - primary, secondary nominal voltages [kV];
- primary, secondary connections; - primary, secondary connections;
- cooling system, constructive type; - cooling system, constructive type;
3-Phase - tested short-circuit power losses [kW], voltage [%]; - tested short-circuit power losses [kW], voltage [%];
transformers - rms values [A] and phases [rad] of harmonic - short-circuit voltage [%];

- rms values [A] and phases [rad] of harmonic
currents;

- load power [kW];

- windings characteristics: conductor cross-section,
conductivity, coil's breadth etc.

OPERATING MODULES

Figure 3 shows the working diagram of the software product:
(1) the input data are read from a source file or from the ad-
equate auxiliary window, (2) the read values are processed,
and (3) the output data are posted on the desktop through the
right auxiliary window. The user can save the input and output
data in a report file, where are introduced more results than are
showed on the desktop: for instance, power losses in the neutral
conductor (if exists).

Mathematical Block
Eleetric-line
4 APline
Elerent’stype Alline
k
Transfounar
Tnputdats
F
Power's type APtranst
AQtransi
Q

Figure 4. Block diagram of CPL’s mathematical block.
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For a better knowledge and understanding of the quantities
used as input data, Table 2 and Table 3 present these data for
electric lines and for transformers, respectively.

After the software processes the input data, the power losses
produced by the active power and/or reactive power flow are
calculated according to the relationships indicated in Table 1,
and displayed in a dedicated auxiliary window. When the user
exits CPL, he is asked if he wants to save the input data and the
obtained results (output data).

The mathematical block diagram - Figure 4, shows the work-
ing algorithm of the proposed software. Inside the software, the
input data are divided into line’s and transformer’s input data,
and than these values are used to calculate the power losses
chosen by user.

Conclusions

The paper presents an original software product, named CPL,
created in Borland C++ Builder visual environment; it helps to
calculate power losses in unbalanced and harmonic polluted
industrial distribution power networks.
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Because the computation of power losses in unbalanced and
non-sinusoidal regime requires complicated mathematical re-
lationships, the use of CPL decreases the timework and offers
several advantages: the great number of input data, values more
correct for the power losses and the possibility of working with
complex electric power networks.
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