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A Study on the Characteristics Analysis of Automotive Ballast
System

Do-Ho Lee' and Byeong-Woo Kim'

'Department of Electrical Engineering, Ulsan University

Abstract The mathematical simulation of voltage and current waveform of the discharge lamp is useful for the
analysis and design of ballasting circuits. This paper proposes a mathematical model which has lamp power and
negative voltage drop in discharge lamp. Simulation applying the proposed model has been done, and the results
are compared with the experimental results. Furthermore, in the paper, the ballast components(core, transformer)
was designed such that high intensity discharge could be optimized for the automotive, by applying a method
simulation based design.
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[Table 1] K Factor according to main circuit methods

Main circuit method K Ki | Ku (K,
Forward converter 0.141 : 0.71 0.40:0.50
Bridge/half bridge 0.165:1.0 0.40:0.41

Full wave center-tap 0.141 1.41.:0.40.0.25
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o714 K, : lin(DC)/Ip (rms), Topology factor
Ky : Aw'/Aw, Window utilization factor(0.40)
Ks : Ap/Aw', Primary area factor,
K=KtKuKec, J = Current density
fi : Operating frequency
A, : Area product
A. : Area efficiency

Ay : Area window utilization
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[Table 2] Main specifications of transformer

102 103
Bar Type(D= 10mm, Bar Type(D=
1= 30mm) 6mm, 1= 25mm)
= 400, ui = 400,
Ferrite Core
Bm[mT]=50, Br[mT]=50,
Br[mT]=132, Br[mT]=132,
Hc[A/m]=64 Hc[A/m]=64
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1A g 20T e ¢
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A AA| PET [35kV/mm] PET [35kV/mm]
12} Self
0.5uH 0.5uH
Inductance
22} Self
650uH 980uH
Inductance
iscroy |
25.8[kV] ;
L ‘_ |
\F
- / ‘ )
/ \
1 / v R \
\/ \
|/ N
|
I S
I
I
I
|
|
0 .2ps 10.80
22 sueeps: average low  high sigme

maximum(4) 25.86V  24.2  25.8 6.4
rise(4) 144.3ns  133.2  154.8 4.8

[22 9] A= 3.3:180¢1 9 At FA
[Fig. 9] Result of high voltage pulse in case turn number
3.3:180

ecroy o

27.3[kVIT |
/AT
/ \7 |

M |
[ ¥
Lo /

4 / N \ ~
=\ \
ry \
f \
. 4 N
|
E
r |
E |
Ll

0.2 ps 10.6k

maximum(4 ) 27.3
rise(4) 147.3 ns

[32 10] PAS: 2.5:14601 AL TAQF HA A
[Fig. 10] Result of high voltage pulse in case turn number

2.5:146
Fig. 9, 10 WA W= 1A BA EAS A=
Aotk WAL} 3.3 ¢ 1800 ARE 19F W79l

bl

J_

Kl

785, Fig. 9014 & 4= Q5o 775t uff 25.8kve

o A7k AEIScE Wheo] Fig. 8o 4] maz vio o

25 146(58) 0.2 A2kl 19k WMer|9] A, Rl
ok 27.3kV o]/k]— j_;ﬂ%}—o] Hl—xgﬂoh;} 11:]?:]—7] ?_/‘Kj_/,“—

: 180202 A

il

\:!

R R e Y ﬁ& ;';
J
o
o
K}
pac
=
o
in
Y
o
p
o
N
<
X
rE
]
o,
i
i)
i)
£

whebA, S AN V1g0] HEE Al
Al A&7 LA ‘E‘a
7125
ol AL @ﬂo}aﬁu}.

4. 2 E

= =2 AFFARE HID 230 285 AR
QHg719] Sl Fgell st ohy mes ZiEdn 2k
o] shuA AoEs FET = Sl WS AR
o A=7E) 2HA S 4.2mmE H S]] S 7R
A 71e el A Al 2 8l 5= st @/l
i Aeollsel 8= dds 53 54 s
B $-848 dAssidlnt

AFEA} HID 29| 94] 82l 2ojel 3¢, o
w52 Fat dielol 20004 30kHz off AEE 3o} W
HFE Ix10em® tjejglE eQlet 4 igick 3L AE

3800



AEA 2HAAE T WG A2e) Saa)] Bk AT
A A7 Wzol Agkar 2 Hgky] PAluE 25 ¢ 146
?——-_] UH; 524[” _T’_{%]'?l 27~3kV7]’ g—xg;,]n_% Q?lﬂ?‘i%ﬁl, ol _l'=_ _é_(Du—Ho Lee) [Io-lf,_ '?:'I]
o] Ze Wi mHPoR WA WS Yoy 9l

ot}. o] @A 22l IEC FFAolA Q78k 9l 23,kV
ol 9<pat Aolet 3 42 Atk weka, 2 dTelA
=& ot mdyy} A4 HEe] gt A4 71ES

—=
Agstchd AE7re] 7HAS 42mmE | AJA 7= =
2 7AW 716 el A HoR 28 5 S A
olth B oFLof|A] Aokt 228kA] mulo] Bl A=

e )

O]v

FA=nh, dAl Atz 84S ST 9

l* 39 54= irﬁf& Ol_

rlr

BasA7] A U TS
B4 HID Y= BES Astel WA 45e B74e A

gojr}.

References
[1] Yan Jiang, Miaosen Shen, Hua Li, Zhaoming Qian,
"An Adaptive Aucostic Resonance Free Electronic
Ballast for HID lamps", IEEE IAS Annual Meeting,
vol. 2, pp. 1020-1024, Oct, 2003

[2] Chin Ming Huang, Tsomg Juu Liang, "A Novel
Constant Power Control Circuit for HID Electronic
Ballast", IEEE Transaction on, vol. 22, pp. 1573-

1582, Sept. 2007.

[3] T. J. Liang, C. A. Cheng, and W. S. Lai, "A Novel
two Stage High Power factor Low frequency HID
Electronics ballast", IEEE IECON 03, pp.
2607-2612, 2003.

[4] M. Shen, Z. Qian and F. Z. Peng, "Design of a Two
Stage Low Frequancy Square Wave
ballast for HID Lamps", IEEE Trans. Ind. Appl., vol.
39, no 2, pp. 424-430, Mar. 2003.

[5] M. Sugaiura,"Review of Metal halide Discharge Lamp
Development", IEEE Proceeding A, vol. 140, no. 6,
pp443, November, 1993.

[6] Kyu Chan Lee, Bo H Cho, "Design and Analysis of
Automotive HID Lamp Ballast System Using Auxiliary",
IEEE Transaction, 2000.

in proc.

Electronics

° 20104 29 : SAbfiEtw AH7)A
A7 A A FSH(F A

e 20104 3Y ~ A : LA}
@ ollﬂ]—mb‘l—oj A7) A}

<Ry

53 HAA o]

4 ¥ 2(Byeong-Woo Kim) (X352

o 19874 29 : gko)
st 291 (Z3h4h

1990 29 : gkof

Aser (AAh

20024 29 : SkekjEt . A7)

A5t (2HAh

* 19949 99 ~ 2006 8Y A%
AREATY AA LA

bt A7) g w4

e 20064 9 ~ &)

<j',]—}\l =] 0]:>
A5 A5, delfE s, AER AR

3801




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


