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Large Signal Stability Criteria for Constant Power Loads With Double-stage LC Filters
LIU Xinbo, ZHOU Yuanjun
(School of Automation Science and Electrical Engineering, Beihang University

Haidian District, Beijing 100191, China)

ABSTRACT: In a 270 V DC power system of advanced
aircraft, most of electrical motor drives and power electronic
converters behave as constant power loads (CPLs) when tightly
regulated, and usually cause negative impedance instability
problems. This paper investigated the stability of the CPL with
double-stage LC filters, and constructed the mixed potential
model of the system based on Brayton-Moser’s mixed potential
theory, and then derived large signal stability criteria for the
system. The presented criteria utilize the dynamic negative
incremental impedance of the CPL to place design constraints
on the filter parameters and thus prevent instabilities.
Experimental results confirm that the simple and easily
implemented criteria can guarantee the system stability under

large disturbances.
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voltage increase when filter I and II are added at the input

terminal of the constant power load respectively



34 i V1 R D s S (¢ ¥ 3145
& Electronics Conference and Exposition (APEC) 2010
E Twenty-Fifth Annual. Palm Springs, USA: IEEE, 2010:
a0 L 1300-1305.

0.5 s/k%)

() IIAJEDL S T I B YR R HLRB e
&
S \
S \
S240 \‘

| S SN SN N
&
<
~17
0.5 /%)

(b) MIANJEE S I1 I EL O IR A L s . PRI B
SANMNEKEZ TS I BYIETIZR G 37 B EFEIRA K
MENFHTHBEIREE. BIRER

Fig. 5 Source current and voltage waveforms during

&5

voltage decrease when filter I and II are added at the input

terminal of the constant power load respectively
K BN N B L 2R 5 38 N\ g IR 257 W] R i R L )
R, VEME B K HIAE 102 pF 3/ T-g)
SN A HL 2 4 100 pFo a4, ZEfRBE RG0K
ARGEVERIHTIE T, 55 0.4 LC JEBAANLE, XU
LC PR KRN T EP A ARAR, J8E G 1A P P A
A, SE T WA SR TS s & .

5 #ig

ARSCE SR T L LC JEIA 5 TH D) A7 4
NE RGBSR, BEEY TIZRENR A
PRAORERY, JF B REARY HE A2 T R
2 N IRGENE R . PEE R, R TETh R
PR S A PUR R4S T BT IE B AR S U
LRGN M I EURR Y, G LC PR
ARSI R AR, RGAT KIS N H ARG
ks tt, HIBBOLA AR, % 7 NH] AR
LR VAt I T ETA 7R

B3 3k

[1] Izquierdo D, Azcona R, del Cerro F, et al. Electrical
power distribution system (HV270DC), or application in

more electric aircraft[C]//Proceedings of Applied Power

(3]

(9]

Jusoh A B. The instability effect of constant power
loads[C]//Proceedings  of
Conference. Kuala Lumpur, Malaysia: IEEE, 2004:
175-179.

Emadi A, Fahimi B, Ehsani M. On the concept of negative

Power and  Energy

impedance instability in the more electric aircraft power
systems with constant power loads[C]//34th Intersociety
Energy Conversion Engineering Conference. Savannah,
USA: ASME, 1999: 689-699.

Emadi A, Khaligh A, Rivetta C H, et al. Constant power
loads and negative impedance instability in automotive
systems: definition, modeling, stability, and control of
IEEE
Transactions on Vehicular Technology, 2006, 55(4):
1112-1125.

Middlebrook R D. Input filter considerations in design and

power electronic converters and motor drives[J].

application of switching regulators[C]//Proceedings of
IEEE IASAM, Pasadena, USA: IEEE, 1976: 366-382.
B, $8%, BIRME. RPN R E D)
BREVE I HT[I). WL 244, 2010, 31(12): 2379-2384.
Qian Hao, Guo Hong, Lii Zhenhua. Stability analysis of
synchronous generator rectifier systems with constant
power loads[J]. Acta Aeronautica Et Astronautica Sinica,
2010, 31(12): 2379-2384 (in Chinese).

wEF, WM, RAR, %. DC-DC LIS AriaL)
HEAAE TR PE]. FHEIR 5N, 2010, 27(9):
1273-1276.

Xu Zhiyu, Xu Weisheng, Yu Youling, et al. Controllability
of DC-DC converters with constant power-load
[J]. Control Theory & Applications, 2010, 27(9):
1273-1276(in Chinese).

Ete, KT, SRR, A5 AED)E AN DC/DC
AR 2 B R S RS AT 9] b EE DL R A4, 2008,
28(30): 7-11.

Wang Jianhua, Zhang Fanghua, Gong Chunying, et
al. Step load response analysis of DC/DC converter with
constant power load[J]. Proceedings of the CSEE, 2008,
28(30): 7-11(in Chinese).

R, BRME, SRR, Boost 47 #e 384 1H T #4780k
A BRI B A S U ER AR BIEORWT 7T (7], oh [
HLTRESAR, 2007, 27(13): 70-75.

Gao Zhaohui, Lin Hui, Zhang Xiaobin. Exact linearization
and optimal tracking control of Boost converter with
constant power loads[J]. Proceedings of the CSEE, 2007,
27(13): 70-75 (in Chinese).



27

HRFAS: BATN LC EP AR I L) R S AR GeAE KINs B ke vE 35

[10] Liutanakul P, Awan A B, Pierfederici S, et al. Linear
stabilization of a DC bus supplying a constant power
load: a general design approach[J]. IEEE Transactions on
Power Electronics, 2010, 25(2): 475-488.

[11] Awan A B, Pierfederici S, Nahid-Mobarakeh B, et
al. Active stabilization of a poorly damped input filter
supplying a constant power load[C]//Proceedings of
Energy Conversion Congress and Exposition. California,
USA: IEEE, 2009: 2991-2997.

[12] Awan A B, Nahid-Mobarakeh B, Pierfederici S, et
al. Nonlinear stabilization of a dc-bus supplying a constant
power load[C]//Proceedings of Industry Applications
Society Annual Meeting. Houston, USA: IEEE, 2009:
1-8.

[13] Cho H Y, Santi E. Peak-current-mode-controlled buck
converter ~ with  positive feedforward  control
[C)//Proceedings of Energy Conversion Congress and
Exposition. Californial, USA: IEEE, 2009: 2928-2935.

[14] Rahimi A M, Williamson G A, Emadi A. loop-cancellation
technique: a novel nonlinear feedback to overcome the
destabilizing effect of constant-power loads[J]. IEEE
Transactions on Vehicular Technology, 2010, 59(2):
650-661.

[15] Liu Xinyun, Fournier N, Forsyth A J. Active stabilisation
of an HVDC distribution system with multiple constant
power loads[C]//Proceedings of Vehicle Power and
Propulsion Conference. Harbin, China: IEEE, 2008:
1-6.

[16] Liu Xinyun, Forsyth A J, Cross A M. Negative
input-resistance compensator for a constant power load
[J]. IEEE Transactions on Industrial Electronics, 2007,
54(6): 3188-3196.

[17] Cespedes M, Beechner T, Lei X, etal. Stabilization of
constant-power loads by passive impedance damping
[C)//Proceedings of  Applied
Conference and Exposition (APEC) 2010 Twenty-Fifth
Annual. Palm Springs, USA: IEEE, 2010: 2174-2180.

Power  Electronics

[18] Erickson R W. Optimal single resistors damping of input
filters[C]//Proceedings of Applied Power Electronics
Conference and Exposition. Dallas, USA: IEEE, 1999:
1073-1079.

[19] Griffo A, Wang J, Howe D. Large signal stability analysis
of DC power systems with constant power loads
[C)//Proceedings of Vehicle Power and Propulsion
Conference. Harbin, China: IEEE, 2008: 10-16.

[20] Belkhayat M, Cooley R, Witulski A. Large signal stability
criteria for distributed systems with constant power
loads[C]//Proceedings of Power Electronics Specialists
Conference. Atlanta, USA: IEEE, 1995: 1333-1338.

[21] Jeltsema D, Scherpen J M A. On Brayton and Moser's
missing stability theorem[J] . IEEE Transactions on
Circuits and Systems II: Express Briefs, 2005, 52(9):
550-552.

[22] Brayton R K, Moser J K. A theory of nonlinear networks
part I[J]. Quarterly of Applied Mathematics, 1964, 12(1):
1-33.

[23] Jeltsema D, Scherpen J M A. Multidomain modeling of
nonlinear networks and systems: energy- and power-based
perspectives[J]. IEEE Control Systems Magazine, 2009,
29(4): 28-59.

[24] Weiss L, Mathis W, Trajkovic L. A generalization of
Brayton-Moser's mixed potential function[J] . IEEE
Transactions on Circuits and Systems I: Fundamental
Theory and Applications, 1998, 45(4): 423-427.

. i BEA: 2011-05-11.
| fEEE
3 XIRI(1982), 4o WAEBRIE, Y
" B 53 7 161 46 3 % 4% 5 45 00 R A
&(‘ i liuxinbo_le@163.com;
JTeE(1951), %, #HFz, FEMNFE
ik

N HHAAED) CRIHERSE T
LR HLBIRENL A5 USRI 5T




<<
  /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 <<
    /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


