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Abstract
This paper proposes a novel DC-DC converter for hybrid system using both fuel cell and battery as power supplies. The
output voltage is controlled by the series converter regulates only difference voltage from fuel cell voltage to reference
when output power is constant. As a result, the proposed circuit supplies power to load at high efficiency. When load
condition is changed, the fuel cell current fluctuation is suppressed by the battery through the parallel converter operation.
The principle and control method of the proposed circuit is described in this paper. In addition, the valid of the
proposed circuit are confirmed with experiment and simulation results.
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Table 1. Condition of simulation.

Input voltage V;, [V] 4,9 Li, [uH] 100
Output voltage V,,,, [V] 7.2 Lou [MH] 100
Switching frequency f;,, [kHz] 100 C, [uF] 100
ACR integration time [ms] 0.2 C, [uF] 220
AVR integration time [ms] 2
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Table 2. Condition of experiment.

Input voltage V;, [V] 4 Lin [pH] 100
Output voltage V,,,, [V] 7.2 Lou [MH] 100
Switching frequency f;,, [kHz] 100 C, [uF] 100
AVR integration time [ms] 22 C, [uF] 220
ACR integration time [ms] 0.22
(Ir. control-loop)
ACR integration time [ms] 0022
(Leomp control-loop) :
LPF time constant [ms] 2.2
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SIWHCH A &7, MBI HIMEERER, 2%
RAF 72 2 #ER8 T & 5,

FEO

6. L

AT, BRI, REMERO EHEambE
D RELEMA DC-DC 2> "= %2FEBT 52 L2 BN
& LT, ERFHIES 2 o= 2 O CHSELEFE TV,
AMAEBRHIIE ] 2 2 S — % % AW CARTE S OB -
THREVEM O B 2 L HIE S 5, EEFIHiE 5 DC-DC =
UN— B ERREL, REFIEOGIMEE MR LT,

FEBRTIE, RERROEEREOESIMERE, R4 HE
L7z, JHVEY , BREMEMEL & B ) EE SO EIR T
KA 6T %D EONT, £/2, VI alb—va L ER
12 &0 AR EREIRECHIRENER O EFIC K X 72BN E BN 235
HELBRNZ 2R LT, £72, HABEELB LK 5%LNIC
Mz ohdZ &l LT,

Output voltage V,,,

Vour Ve
2.5[V/div]
: Input Voltage Vﬁ

0V ou, Vie) =

Input current ;Iﬁ-

It deomy
1.O[A/dIV]

Vour Ve:
2.5[V/div] F

O(Vou, Vie) =¥

0(l) =

L deomp:
1. O[A/dlv]

| :
Parallel converter output current IL — 4[ms/d1v]

(b)With parallel compensation.
B 11 H R8I Ry O FEEFE
Fig. 11. Voltage waveforms and current waveforms

(Output power decreased).

Lk, A BE
tﬁ%ﬁé‘:% ) %ET“%Z%

AL, FEEES D R A HE o

B N
[1] H. Tao, A. Kotsopoulos, J. L. Duarte, and M. A.
Hendrix, “A Soft-Switched Three Port Bidirectional
Converter for Fuel Cell and Supercapacitor
Applications, ” Proc. of IEEE-PESCO0S5,
pp.2487-2493, Recife, Brazil, June.2005.

[2] Naehyuck Chang, “Fuel Cell and Battery Hybrid
System for Portable Electronics Applications, ” 10th
Annual International Conference SMALL FUEL
CELLS 2008 — Portable & Micro Fuel Cells for
Commercial & Military Applications, Atlanta, USA,
May.2008.

[3] Zhenhua Jiang, Lijun Gao, and Roger A. Dougal,
“Flexible Multiobjective Control of Power Converter
in Active Hybrid Fuel Cell/Battery Power Sources, ”
Proc. of IEEE-PESCO04, pp.3804-3811, Aachen,
Germany, June.2004.

(4] 43, E[&z a%r, fRHE, &, ¥, "HMEE
15 ¥ B R 2k BIsHLEHOEHR LT, ~
@ﬁiﬁuﬁ % ERk 14 &£ 2 A5, Vol. 121-D,

pp.169-175, Feb.2002.

[5] Y. Ito, S. Ishiguma, I. Takahashi, H. Haga, “New
Power Conversion Technique to Obtain High
Performance and High Efficiency for Single-Phase
UPS”, IEEE IAS, Chicago, USA, Sept.2001.

[6] #r)ll=Ew], OraUiE —, "E S EEIEHZ DC-DC
://\‘»—570)2'3?/5/27-5“\@1@% PIERR 19
FEXHEBRTFSEAEXHES RS, G432,
Nov.2007.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


