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Computer-aided investigation of magnetic fields caused by
electronic step down converters for low-voltage halogen lamps

Abstract. The investigation results of magnetic fields induced by electronic step down converters for low-voltage halogen lamps are presented. For
the investigation the personal computer high definition audio system and software tools developed in the MATLAB® program package environment
were used. The investigations of magnetic fields in the frequency range from 20 Hz to 48 KHz were performed.

Streszczenie. Przedstawiono wyniki badania pol magnetycznych wywofywanych przez przetworniki obnizajgce napiecie dla lamp halogenowych
niskiego napiecia. Dla badan byt stosowany byt system audio HD komputera PC oraz oprogramowanie z wykorzystaniem Srodowiska MATLAB.
Wykonano badania pola magnetycznego w zakresie czestotliwosci od 20 Hz do 48 kHz. (Wspomagane komputerowo badania pol
magnetycznych wytwarzanych przez przetworniki elektroniczne do obnizania napiecia lamp halogenowych niskiego napiecia).
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Introduction

We are living in a rapidly changing world and
technological developments play an important part in this.
Also in the world of lighting, new products and applications
are launched all the time in order to give the best solution
for the changing demands of the customers. Issues like
better color properties, lower power consumption, smaller
dimensions, longer life time, lower costs and more flexibility
are the basis for modern lighting systems. New or improved
lamp types and luminaires can be an adequate answer to
the changing demands. But the heart of any lighting system
still is and will be the lamp and its control gear. The lamp
circuits have to answer to numerous basic needs, including
compliance with national and international safety standards,
ease of installation, compatibility and, of course, price and
performance ratio.

Fundamentals

The low voltage halogen lamp is a great solution that
leads to a separate, but related problem: how to step down
the voltage from the power line. To solve this problem a
transformer is needed in order to provide the halogen lamp
with a low voltage supply from either 110 or 220 V AC
mains. The transformers used in a low voltage lighting
systems may be either electronic or magnetic.

The magnetic transformer represents a classical means
of power conversion. An electronic transformer or more
correctly electronic step down converter represents an
alternative means of power conversion to the more standard
iron core, 50 or 60 Hz transformer technique.

The typical electronic step down converter has the
following basic components (Fig. 1) [1]:

e an electronic filter for radio interference suppression

(EMI suppression);

e an AC/DC converter, converting the sine wave mains

voltage 220/ 110 V, 50 / 60 Hz into a DC voltage;

e an high frequency generator, stepping up the

frequency to approx. 40 KHz;

e an high frequency transformer stepping down the

voltage to 12 V;

e electronic components for short circuit, overload and

thermal protection.

Measurement technique and results

At present various electric devices and equipment
inducing the electromagnetic fields are used in everyday
life, industry, trade, medicine and in other human activities.
People spend increasingly more time both at work and at

home at the personal computer, the monitor of which
induces the wide spectrum electromagnetic waves [2].
Another rather intensive source of electromagnetic fields is
compact fluorescent lamps [3] and low voltage halogen
lighting systems, which are finding increasing use for
lighting of living and other premises, i.e. in desk, wall and
general purpose luminaires [4]. Let us consider magnetic
fields caused by transformers for low voltage halogen
lamps.
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Fig.1. Block diagram of typical electronic step down converter

For the investigation of magnetic fields induced by
transformers for low voltage halogen lamps the software
tools in the MATLAB® program package environment were
created. The personal computer high definition audio
system and the magnetic field sensor were applied in the
measurements.

The known scheme was used in the magnetic fields
measurement (Fig. 2) [2, 3].
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Fig.2. Measurement scheme

A desktop personal computer can be used for
investigations, but the application of a portable computer
has two main advantages. Firstly, it is its mobility, which
facilitates the investigation at different places of the
premises. Secondly, the signal recorded from the sensor by
the high definition audio system will be less affected by
various interferences and noises because the portable
computer operating from batteries is disconnected from the
electric wiring.
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During the investigation the toroidal magnetic and
electronic step down converter of the same power rating of
100 W were chosen. Both of them were loaded with two 35
W low voltage halogen lamps. All measurements were
carried out on the same portable computer, i.e. the same
high definition audio system with the same settings was
used for the signal recording from the sensor.

Obtained waveforms of the voltage induced by the
transformers magnetic field are of pulsed type (Fig. 3).
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Fig.3. Waveforms of the voltage induced by the transformers
magnetic field: a) — toroidal magnetic transformer; b) — electronic
step down converter

The waveforms show that the voltage induced by the
electronic step down converter magnetic field is higher than
the voltage induced by the toroidal magnetic transformer
magnetic field.

The spectral analysis of the magnetic field shows that
spectrum of induced magnetic field of electronic step down
converter is wide, discrete and ranges up to about 42 KHz.
(Fig. 4).

It can be explained by a much more complicated
construction and operation principle of electronic step down
converter, because voltages of different frequencies, levels
and forms are applied in them.

For the investigation of the magnetic field dependence
on the distance from the transformers, measurements were
performed every 5 cm up to the 50 cm distance (Fig. 5).

As it was expected, with the increase in the distance
from the transformer, a fast decrease of the voltage induced
by the magnetic field is observed. The presented results
indicate that the intensity of magnetic field caused by the
electronic transformer is higher than intensity of toroidal
magnetic transformer magnetic field.

Conclusions

1. The software tools developed in the MATLAB®
program package environment intended for the investigation
of magnetic fields caused by electronic step down
converters for low voltage halogen lamps have been
created.

2. The investigation of electronic step down converters
magnetic fields in the frequency range from 20 Hz to
48 KHz were performed by applying the high definition
audio system of the portable personal computer.
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3. The spectrum of induced magnetic field of electronic
step down converter is wide, discrete and ranges up to
about 42 KHz.

4. The intensity of magnetic field of electronic step down
converter is higher than that magnetic field of toroidal
magnetic transformer.

5. According to investigation data of the magnetic field
dependence on the distance from the transformers, it is
recommended to install electronic step down converters at a
distance of at least 1 meter from frequently occupied areas.
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Fig.4. Spectrums of the voltage induced by the transformers

magnetic field: a) — toroidal magnetic transformer; b) — electronic

step down converter
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Fig.5. Dependences of the voltage induced by the transformers
magnetic field on the distance from the transformer

REFERENCES

[1]1 Ellis M., Beletich S., Power Supply Units for Extra Low
voltage Tungsten Halogen Lighting, New Zealand, 2005, 29 p.

[2] Grazulevi€ius G., Investigation of Magnetic Fields of LCD
Monitors Using a Personal Computer, in Proc. of the 18"
International Conference EMD’2008, Vilnius, Lithuania, 2008,
pp. 125-128.

[3] Grazulevi€ius G., Investigation of the Magnetic Fields
Induced by Compact Fluorescent Lamps Applying a Personal
Computer, in Proc of the 19" International Conference
EMD’2009, Bialystok, 2009, pp. 55-58.

[4] Reichenbach A., Electrosmog in the Environment, Swiss
Agency for the Environment, Forests and Landscape (SAEFL),
Non-ionising Radiation Section, Bern, Switzerland, 2005, 60 p.

Authors: assoc. prof. dr. Gediminas GraZuleviéius; assoc. prof. dr.
Vaidotas Barzdénas. Vilnius Gediminas Technical University,
Department of Computer Engineering, Naugarduko str. 41-439,
03227 Vilnius, Lithuania, E-mail: gediminas.qgrazulevicius@vgtu.lt;
vaidotas.barzdenas@el.vgtu.lt.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7b/2012




<<
  /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


