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ABSTRACT: A key point in simulation and control of the electrical drives is the accuracy of the available
dynamic model. Especially for the squirrel-cage induction machines, the exact determination of the rotor's
parameters i.e. resistances and inductances is not a straightforward task because these parameters cannot be
determined through direct measurements during the drive's operation. Several techniques are used to
obtain estimates for the machine's parameters as well as to obtain estimates for the process parameters such
as flux-linkages components. Among these techniques, the observer-based methods are widely used in
control engineering. The finite elements methods (FEM) are commonly used in design. In this work, the
authors implemented both methods to determine the process parameters for a given single/two-phase
induction machine. To validate the estimations, the results were compared with the measurements.
KEYWORDS: electrical drives, simulation and control, finite elements methods, measurements
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< INTRODUCTION

The on-line estimation of the process parameters is essential in the adaptive control of the
variable- parameters systems but also for the constant-parameters systems in the presence of
stochastic disturbances, such are the electrical drives destinated to the control of speed and position.

In particular, the sensor-less estimation of the rotor's position is of major interest due to (1) the
low cost implementation and (2) the increased maintenance issued from the elimination of the speed
or position transducers. In addition, the on-line estimation of the process parameters allow the direct
torque control and the implementation of advanced control algorithms such as the slider-mode control.

In this approach, the deterministic Luenberger's observer may be used to the angular speed
reconstruction of the induction machine’s rotor based on the measurements or estimated values of the
torque and rotor's position. The Bocker's observer allows the reconstruction of the electromagnetic
field's components based on the phase-voltages and currents, and the angular speed at the machine's
shaft. In the same context, there are two applications of the extended Kalman filter that allow
estimating the time constant of the rotor in presence of disturbances [1].

The typical applications of these algorithms are the control laws for the command of the three-
phase inverters into the speed and position control of the induction machines electrical drives. Despite
that from the theoretical point of view, the state observers are asymptotical stable, the convergence -
and the estimate accuracy - depend on the accuracy of the parameters of the motor and finally on the
electrical and mechanical parameters of the machine.

Because not all parameters of the machine may be determinate through direct measurements,
numerical methods, based on the machine's geometry are often used, [2]. The commonly used
approach is the use of the finite differences method, the finite elements method, integrals methods
the frontier's elements methods. The field analysis allows determining the process parameters in the
same manner as the observer-based methods and in addition the model's parameters or the physical
parameters may also be determined.

Based on this idea, the paper presents an implementation of a state observer with the separation
of the fast variables, the Pietrzak-David algorithm,[1], in comparison with the implementation of the
FEM method to estimate the stator flux-linkages components within an single/two-phase induction
machine.
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% METHODOLOGY

The Implementation of the FEM method to compute the inductances and the magnetic fluxes
within the single/two-phase induction machine
The basis of the FEM method, [3] is the transformation of the solution of the electromagnetic

n
potential, y into a linear combination of coordinate functions W:Zak -@, - The unknown coefficients,
k=1

ak,k=1,_n result from a minimisation of the energetic functional associated to the field F(y). There

are various software applications that allow the FEM implementation to analyse the electromagnetic
field both at low and high frequencies. In this paper, the Ansoft-Maxwell SV environment was used for
the 2D analysis of the electrical machine, [4].

The Implementation of the Pietrzak-David State Estimator, [1]

The dynamic model of the induction machine is represented into a coordinate reference system
related to the magnetic motion field as shown in the expressions below.
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The time constants of the drive may be grouped into three categories as follows.
1 very slow time constants: mechanical
2 slow time constants: magnetic
3 fast time constants: electrical

After eliminating the variations of the variables associated to the very slow and slow time
constants, the dynamic model of the induction machine may be reduced to a second-order linear
system as shown in the expressions below.

le
dt
X, =C-Y, +D-U,
where the significance of the matrices is given in expressions (3) to (6).
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Input variables: [vld vlq]

T
Output variables: [ild ilq]

T
State variables: [‘Ifld ‘qu]

The Luenberger observer reconstructs the flux-linkage components based on the measurements
of the input and output variables. Then the estimations are corrected in closed-loop with a term

K- (ild - fld) where the gain is determined with a Kalman filter
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«  DISSCUSIONS/RESULTS/ANALYSES

The motor under the investigation was a MSP311 type. The nominal parameters of the motor are
given in Table 1.

Table 1: The Nominal Parameters of the MSP311 Motor

Denomination Rated supply Rated frequency Rated angular Number of pair Capacitor
voltage speed poles
Units [V] [Hz] [rpm] [-] [bF]
Value 220 50 2820/420 1/6 14

The determination of the flux-linkage components with the FEM method

In Figure 1 the spectra of the magnetic field components are presented, [4]. The spectra have
been determinate within the MAXWELL SV software environment and a geometrical representation of
the cross-section of the machine.
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Figure 1: The spectra of the magnetic field determined with the FEM method; to the left - the (Od)
axis component, to the right - the (0q) axis
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Figure 2: The loci of the stator currents space-vector, estimated values- to the left and measured
values - to the right.
The computations performed with the field calculator give the following values for the self

inductances of the stator: L, =0,665 H and L,, =0,358 H . A remark issued at the implementation of

the method is that the estimate is dependent on the values of the magnetic permeability of the on the
magnetization curve. If an experimental determination of the magnetization curve is not available the
estimation will be performed carefully and several data sets shell be used to increase the accuracy of
the estimate.

The determination of the magnetic flux with state observers

The measurements used within the observer's implementation are presented in [4]. The
implementation of the state observer is associated to the model in notation (2). The loci of the stator
currents space-vector, estimated values and measured values are depicted in Figure 2.
From the analysis follows that the estimator cannot describe the non-linearity effects into the model
but the information about the magnitude of the variables is conserved. The time-dependencies of the
estimated flux components are presented in Figure 3.
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In this paper, the implementation of two \ \ & \ [\ \ [\ \ [
different methods - the FEM method and an observer- “ \ | \ | \ ] \ I l \ I
based method - for the magnetic field components 5 {4 J [ /| /| |
estimation is presented. The model under ‘ \ [ I \ I \ [ l \ [ I \ I /
investigation was a single/two-phase capacitor-run oo ettt /
induction machine. \ (132 \ (1':{_4 \ ‘1'?_6 \ 7'?8 ID'I

The FEM method is widely used at the design 2 / \ l a \ I ‘\ / \ ]
level; the state observer is implemented in the _,, || L | | | |
adaptive control. From the analysis above, both \ / / / \ / / \/ / \ /
methods provide. -0.6—~ N v \[ 4 V / \l
+ REFERENCES -0.8

[1] G. GRELLET and G. CLERC, Actionneurs électriques.
Principes/Modeles/Commande, Eyrolles, 2000

Figure 3: Time-dependencies of the estimated
flux components

[20  A.NICOLAIDE, Bazele Fizice ale Electrotehnicii, Scrisul Roménesc, 1983
[3.] GH. MiNDRU, M.M. RADULESCU, Analiza numerica a cAmpului electromagnetic, Editura Dacia, 1986
[4] A DaNILA, LMARGINEANU, R. CAMPEANU, C. Suciu, I. BoiaN, The Optimization of the Single/Two Phase
Induction Motor Start-Up with Electronically Switched Capacitor, 2008 IEEE International Conference
on Automation, Quality and Testing, Robotics. Proceedings — Tome III pp 450-454

a
DE
9
(W
@

0 D;!!

od

IBE O00 mEEma
Bl 00D DEEm

ANNALS

nFaculty
ngineering
Qa Hunedoara

= s

IIIII W [Il.[!
UeeE 0D @ mma

ol
@l
Qa
aa
ua

ANNALS OF FACULTY ENGINEERING HUNEDOARA

— INTERNATIONAL JOURNAL OF ENGINEERING
copyright © University Politehnica Timisoara,

Faculty of Engineering Hunedoara,

5, Revolutiei, 331128, Hunedoara,

ROMANIA

http://annals.fih.upt.ro

22

Tome IX (Year 2011). Fascicule Extra. ISSN 1584 — 2673




<<
  /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


