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plex soft ware 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. Th e 
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 effi  ciency 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 infl uence these power losses during an un-
balanced and non-sinusoidal state, the authors have developed 
an original soft ware tool which satisfi es this goal, and quickly 
provides accurate results.

Th e paper presents this soft ware, 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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List of symbols
In this paper are used the following symbols:
ΔPline  – total active power losses on electric lines,
ΔPtransf w,  – total active power losses on transformer wind-
ings,
Δ ΔP Pi N,  – active power losses on line i (i=1,2,3) and neutral 
respectively,
Δ ΔP Pp i s i, ,,  – active power losses in every transformer phase, 
on primary, respectively secondary windings,
ΔPn short circuit, _  – nominal (tested) active power losses in trans-
former windings,
ΔPEC  – active power losses through eddy currents,
R R Rfk p fk s fk, ,, ,  – harmonic resistance, of line and transform-
er respectively,
Ii N( )  – rms. value of current on line i, and neutral respec-
tively,
I1  – rms. value of the fundamental current,
Ik  – rms. value of range k harmonic current.

Abstract
Th e 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-
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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. Th e 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 eff ect of the harmonic distortion and un-
balance is the increase of power and energy losses in all ele-
ments of the power system. 

Th e 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 effi  ciency of the losses re-
duction solutions etc. Th us, 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. Th us, 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 eff ect;

•

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 eff ect are consid-
ered in this paper. For a reasonable evaluation of power losses, 
the infl uence of non-sinusoidal and unbalance conditions in 
power networks is considered, under the following hypoth-
esis:

supply voltages are balanced and have sinusoidal wave-
forms;

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

transformers are not saturated. 

Taking into account the unbalance of load currents, additional 
power losses appear in transformer windings through eddy 
currents and Joule eff ect. 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 fl ow fundamen-
tal negative, positive and zero sequence currents and harmonic 
negative, positive and zero currents; through the neutral con-
ductor fl ow 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. Th e Borland C++ Builder visual environment was used 
for soft ware developing. CPL has two parts: a friendly GUI 
(graphical user interface) and the operating modules, further 
presented on this chapter.

•

•

•

•

•

•

Losses

Working regime

Active power losses in electric lines

[W]

Active power losses in transformers

[W]

Sinusoidal and

balanced
Pline = 3 Rf I1

2 Ptransf , w = Pn, short _ circuit

Non-sinusoidal

and balanced
Pline = 3 ( Rfk Ik

2 ), k = 1,N Ptransf , w = 3 Rp, fk I p, k
2

+ Rs, fk Is, k
2( ) + PEC , k = 1,N

Sinusoidal and

unbalanced Pline = (I1
2
+ I2

2
+ I3

2 ) Rf + IN
2 RN

Ptranf , w = (Ix, 1
2
+ Ix, 2

2
+ Ix, 3

2 ) Rx , x = p, s

Non-sinusoidal

and unbalanced
Pline = P1 + P2 + P3 + PN Ptransf , w = Pp, x + Ps, x + PEC , x = 1, 2, 3

Table 1. Power losses in electric lines and transformers for different working states
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GRAPHIC USER INTERFACE
Th e graphic user interface represents the component of the 
soft ware with which the user comes in contact. Th rough it, 
the user introduces the input data and obtains the output data. 
CPL’s GUI consists of one main window, presented in Figure 1, 
and several auxiliary windows.

Th e main window contains a menu bar (1); a toolbar (2) and 
a one-line electric distribution network diagram (3). Th e menu 
bar has three fi elds: Soft ware, Power losses, with two sub-fi elds 
(Electric lines and Transformers), and Help.

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

Th e 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).

Th e 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.

Figure 1. GUI, Main window

Figure 2. Auxiliary window: input data for calculation of active and reactive power losses in electric lines
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OPERATING MODULES
Figure 3 shows the working diagram of the soft ware product: 
(1) the input data are read from a source fi le 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. Th e user can save the input and output 
data in a report fi le, where are introduced more results than are 
showed on the desktop: for instance, power losses in the neutral 
conductor (if exists).

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.

Aft er the soft ware processes the input data, the power losses 
produced by the active power and/or reactive power fl ow 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).

Th e mathematical block diagram – Figure 4, shows the work-
ing algorithm of the proposed soft ware. Inside the soft ware, 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
Th e paper presents an original soft ware 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.

Figure 3. CPL’s working principle block diagram.

Number of conductors
Power’s type

Electric networks without neutral Electric networks with neutral

Active power

- phase conductor cross-section [mm
2
];

- conductor conductivity [m/ mm
2
];

- conductor length [m];

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

- phase and neutral conductor cross-section [mm
2
];

- conductor conductivity [m/ mm
2
];

- conductorlength [m];

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

Reactive power

- phase conductor inductance [ /km];

- conductor length [m];
- rms value of harmonic currents [A];

- harmonic currents’s phase [rad].

- phase and neutral conductor inductance [ /km];

- conductor length [m];
- rms value of harmonic currents [A];

- harmonic currents’s phase [rad].

Table 2. Input data for electric lines power losses.

Calculus

Transformers

Aproximate Advanced

3-Phase

transformers

- nominal rating [kVA];

- primary, secondary nominal voltages [kV];

- primary, secondary connections;

- cooling system, constructive type;

- tested short-circuit power losses [kW], voltage [%];

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

currents;

- load power [kW].

- nominal rating [kVA];

- primary, secondary nominal voltages [kV];

- primary, secondary connections;

- cooling system, constructive type;

- tested short-circuit power losses [kW], voltage [%];

- 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.

Table 3. Input data for transformers power losses

Figure 4. Block diagram of CPL’s mathematical block.
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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 off ers 
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.

Acknowledgments 
Th e authors acknowledge the fi nancial support given by the 
National Council for Scientifi c Research of Romania under 
grant 1003/2005.

References
[Chen, 1995] – Chen T.H. Evaluation of line loss under load 

unbalance using the complex unbalance factor, IEE Proc.-
Gener.Transm.Distrib., Vol.142, No.2, March 1995, pag. 
173 – 178.

[Chindris, 1999] – Chindris M., Unbalanced Power Systems 
under Non-Sinusoidal Conditions, Socrates Course, 
Universitat Politecnica de Catalunya, Barcelona, Spain, 
March 1999.

[Chindris, 2005] – Chindris M., Cziker A., Determinarea 
pierderilor suplimentare de putere în reele electrice de 
J.T. funcţionând în regim nesimetric şi nesinusoidal, CEE 
2005, Sesiunea 1 – Calitatea energiei electrice – Aspecte 
teoretice şi reglementări.

[Cziker, 2004] – Cziker A., Chindris M. Consideraţii privind 
pierderile de putere în reţelele de distribuţie reale de ex-
ploatare. Simpozion Internaţional de Efi cienţă Energetica, 
Cluj-Napoca 2004.

[Mendes, 1990] – Mendes A., Duphil N., Harmonics: A 
supply authority view. Collection des notes internes 
de la Direction des Etudes et Recherches. Note interne 
93NR00019.

[Tugulea, 1987] - Ţugulea A., Golovanov Carmen. Efecte 
energetice ale regimurilor nesimetrice şi deformante ale 
sistemelor electroenergetice. Posibilităţi de măsurare, 
ENERG, vol. III, Bucureşti, Editura Tehnică, 1987.

[Cioc, 1989] – Cioc I., Vlad I., Calota G. Transformatorul 
electric: constructie, teorie, proiectare, fabricare, exploat-
are, Scrisul romanesc, Craiova 1989.

[Jezierski, 1966] – Jezierski E. s.a. Transformatoare electrice, 
constructie si proiectare. Editura tehnica, Bucuresti 1966.

[Eremia, 2006] – Eremia M. Electric power systems. Volume I 
Electric networks. Editura Academiei Romane, Bucharest 
2006.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


