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The article presents a computer simulation of a lighting installation disturbed by 
lightning surge. Modelled impulse voltage generator 1.2/50 µs, system with cou-
pling/decoupling system and a power semiconductor regulator used in light engineering 
have been described. The aim of the work was to investigate the influence of the surge 
impulse on the current flowing through the installation. 
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1. INTRODUCTION 
 
 All products placed on Polish or European market should be CE marked. 
Therefore, the products should fulfill the international standards for electromag-
netic compatibility (EMC) [2, 9, 10]. Equipment manufacturers are required to 
carry out appropriate tests and issue a certificate of conformity to the Standards 
prior to placing the devices on sale [2]. 
 EMC compliance device do not guarantee that the device installed in the 
environment with other devices as a fixed installation will also be electromag-
netic compatible. Consequently, additional tests should be carried out after com-
pleting the fixed installation. Installation immunity tests can cause damage to 
one or many components. Computer simulations of the disturbed system can 
reduce the losses and show necessity to install additional security measures. 
 The paper presents computer simulation of the operation of a part of the 
lighting installation using the Matlab/Simulink software. In addition, a model of 
the lightning generator with the coupling and decoupling system, according to 
the Standard [6] was performed. 
 
 
 



160 Dorota Typańska, Wojciech Machczyński 
 
 

2. SURGE IMMUNITY TEST 
 
 Voltage lightning surge is characterized by the following parameters: peak 
value, the duration of the forehead T1, contractual onset of surge O1 and time to 
half peak T2. Normal lightning stroke, is a surge with the 1.2 μs duration of the 
forehead and  50 μs time to half peak. Surge current, in turn, is characterized by: 
the value of the current generally understood as the peak value and  next the 
same set of parameters  T1, O1 and T2, as in voltage surge. Normal surge currents 
with high exponential attenuation were categorized as strokes: 1/20, 4/10, 8/20 
and 30/80 μs [3, 11].  
Voltage surge is given by equation (1): 
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where: A is the impulse magnitude, α is the damping factor, t1 is the time when 
the impulse starts, t is the time function, and u is the impulse rise step function. 
 
Lightning surges caused by lightning fast transients include [6, 9]: 
‒ a direct lightning strike to the external circuit (located in the open air) induce 

large currents, which generate a voltage as a result of flow through ground 
resistance or  an external circuit impedance; 

‒ indirect lightning strike (discharge between clouds or within, or to nearby 
lightning, electromagnetic fields) which induces voltages/currents in the con-
ductors outside and/or in the building; 

‒ the flow of lightning current in the ground as a result of nearby direct dis-
charges, coupled to common lines of grounding system of the installation. 

 The laboratory test of immunity of surges is performed at the station contain-
ing [6, 9]: 
‒ tested device, 
‒ auxiliary equipment (if required), 
‒ coupling - decoupling system, 
‒ generator, 
‒ reference ground plane. 
 Surge generator in accordance with Standard [6] was modelled in Mat-
lab/Simulink software [8, 12]. The lightning impulse model can be implemented 
using MATLAB Function block, clock block, constant block, and step function 
block as shown in Figure 1. 
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Fig. 1. Scheme of a lightning surge generator 

 
 The MATLAB Function block is coded using Equation (1). Damping factor α 
was 14200. At sample 12000, which is 0.012 second the impulse rise to the peak 
magnitude of 1000, and at 12,050 sample, which is 50 µs later, the impulse 
magnitude decays to 503,6. 
 The shape of the impulse waveform from the generator is shown in Figure 2. 

 
Fig. 2. Shape of lightning impulse 

 
For the construction of the entire system introducing disturbances to the in-

stallation, additionally coupling and decoupling system, according to the Stan-
dard [6] was modelled (Fig. 3).  
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Fig. 3. Coupling - decoupling system 

 
3. MODEL OF LIGHTING INSTALLATION DISTURBED  

BY LIGHTNING SURGE 
 
 The work involved simulation of the lighting installation equipped with an 
overcurrent switch, power regulator and incandescent light fixture, disturbed by 
lightning surge. Figure 4 presents a simulated system. Two systems of voltages 
and currents measurement - measuring system 1, seen from the power source 
and measuring system 2, seen from the load side were used. 
 

 
Fig. 4. Model of tested circuit 
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 In the circuit a semiconductor power regulator was used. In system the resis-
tors, capacitors, diodes and thyristors connected in the circuit as triac controlled 
by a diac were used. Its scheme is shown in Figure 5. 

 
Fig. 5. Model of a power regulator 

 
Figures 6, 7, 8 and 9 show currents and voltages characteristics of the undis-
turbed circuit. The voltage characteristic considered from the source side (meas-
uring system 1) is an ideal sinusoidal wave. In contrast, the waveform of the 
current for the entire system is partially cut off by the semiconductor compo-
nents used in the power regulator. The amplitude of the current in the system is 
approximately 1.7 A. 
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Fig. 6. Current waveform of the measuring system 1 

 

 
Fig. 7. Voltage waveform of the measuring system 1 

 
 The voltage characteristic considered of the load side (measuring system 2) 
similarly to the current characteristic of the circuit is partially cut off. 
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Fig. 8. Current waveform of the measuring system 2 

 

 
Fig. 9. Voltage waveform of the measuring system 2 

 
 The aim of the research was to investigate the influence of the surge impulse 
on the current flowing through the installation. The results of the simulation are 
presented in Figure 10, and 11. 
 



166 Dorota Typańska, Wojciech Machczyński 
 
 

 
Fig. 10. Current waveform of the measuring system 2 

 

 
Fig. 11. Voltage waveform of the measuring system 2 

 
 On the voltage characteristic considered from the load side (measuring sys-
tem 2)  in the course of placing the surge disturbance is visible pulse with an 
amplitude of about 1325 V. The shape of the current waveform is similar to the 
voltage. The amplitude of the current pulse resulting from the introduced distur-
bance is about 8,26 A. 
 The amplitudes of the signals of both current and voltage considered from the 
load side are more than four times value of the amplitude of the undisturbed 
signal. Introducing the lightning surge disturbance to presented lighting circuit 
can cause its permanent damage. 
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4. SUMMARY 
 

Due to possible harmfulness of the EMC tests performed on a fixed installa-
tion, it is justified to use computer simulation software to model the operation of 
the system [1, 4, 5]. This avoids unwanted component damage and shows re-
quires the installation of additional components that improve system perform-
ance. 
 The article presents the simulation model developed and results of computer 
simulations of the operation of the lighting system subjected to electromagnetic 
disturbances according to the Standard [6, 10].  
 Matlab/Simulink software has been proved as a helpful tool for EMC tests 
simulations on fixed installations. 
 Currently, the work is carried out to improve the surge generator model. It is 
planned to implement a double-exponential equation, that will improve the volt-
age pulse parameters [7]. In addition, the simulation of the operation of subse-
quent electrical systems sensitive to disturbances is also envisaged. 
 

REFERENCES 
 

[1] Aniserowicz K., Surges in low voltage power circuit (in Polish, Udary przepięciowe 
w obwodach elektroenergetycznych niskiego napięcia), Przegląd Elektrotechniczny 
(Electrical Review), 92 (2016), No 2,  8-13. 

[2] Directive 2014/30/UE - Electromagnetic compatibility. 
[3] Kałat W., Modeling of normalized current and voltage surges using the one-

component function (in Polish, Modelowanie znormalizowanych udarów 
prądowych i napięciowych przy użyciu funkcji jednowykładniczej), Przegląd 
Elektrotechniczny (Electrical Review),  85 (2009), No 4,  150-152. 

[4] Markowska R., Sowa A., Wiater J., Simulation research of lightning dangers of 
electronic systems (in Polish, Symulacyjne badania zagrożeń piorunowych 
systemów elektronicznych), Przegląd Elektrotechniczny (Electrical Review), 86 
(2010),  No 3, 146-149. 

[5] Masłowski G., Modern trends in atmospheric lightning modeling - theory and ap-
plications (in Polish, Współczesne trendy w modelowaniu wyładowań 
atmosferycznych - teoria i zastosowania), Przegląd Elektrotechniczny (Electrical 
Review), Vol. 86 (2010), No 11a,  308-312. 

[6] PN-EN 61000-4-5:2014-10 Electromagnetic compatibility (EMC) - Part 4-5: Test-
ing and measurement techniques - Surge immunity test. 

[7] Standler R., Equations for Some Transient Overvoltage Test Waveforms, IEEE 
Transactions on Electromagnetic Compatibility, Vol. 30(1988), No 1, 69-71. 

[8] Tan R., Ramachandaramurthy V., A Comprehensive Modeling and Simulation of 
Power Quality Disturbances Using MATLAB/SIMULINK, Power Quality Issues in 
Distributed Generation, InTech Publisher, October 2015, 83-107. 



168 Dorota Typańska, Wojciech Machczyński 
 
 

[9] Typańska D., Maćkowiak A., Sieczkarek K., Radiated electromagnetic emission 
up to 1 GHz of the KNX fixed installation, Przegląd Elektrotechniczny (Electrical 
Review), Vol. 91 (2015), No 7,  33-35. 

[10] Typańska D., Maćkowiak A., Sieczkarek K., The Immunity of the KNX Model to 
Electromagnetic Pulse Disturbances, Przegląd Elektrotechniczny (Electrical Re-
view), Vol. 92 (2016), No 4,  38-41. 

[11] Więckowski T., Electromagnetic compatibility testing of electrical and electronic 
equipment (in Polish, Badania kompatybilności elektromagnetycznej urządzeń 
elektrycznych i elektronicznych), Publishing House of Wroclaw University of 
Technology, Wroclaw 2001. 

[12] Matlab Product Documentation https://www.mathworks.com/help/index.html, 
(access date 6.06.2017). 

 
 
(Received: 07.02.2018, revised: 06.03.2018) 



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


