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Optimization and Comparison of Optimal Saliency Permanent
Magnet Synchronous Machines for Electric Vehicle Application

Abstract. For electric vehicles’ traction, Permanent Magnet Synchronous Machines (PMSM) are interesting because of their high power density and
their efficiency on a large flux weakening range. This solution offers multi-possibilities of conception. As a matter of fact, it is possible to choose
surface or saliency PMSMs, this last one could be dissociate into two groups: Normal-Saliency PMSM and Inverse-Saliency PMSM. Based on a
typical working cycle of electric vehicles, we will compare optimal Normal-Saliency PMSM and Inverse-Saliency PMSM performances.

Streszczenie. Silniki synchroniczne z magnesem trwatym dobrze dziatajg w pojazdach trakcyjnych, co wynika z ich duzej gesto$ci mocy a takze z
ich efektywno$ci w ostabianiu strumienia w duzym zakresie. Tego rodzaju rozwigzanie oferuje wiele mozliwosci. W zasadzie istnieje mozliwo$é
wyboru pomiedzy powierzchniowymi a wystepowymi maszynami, przy czym te ostatnie mogg byc¢ podzielone na dwie grupy: maszyny o wystepie
normalnym i przeciwnym. W pracy przedstawiono poréwnanie obu tych optymalnych rozwigzan, bazujgc na typowym cyklu pracy pojazdéw
elektrycznych. (Optymalizacja i poréwnanie maszyn synchronicznych z magnesem trwalym o optymalnym wystepie dla pojazdéw

elektrycznych).

Keywords: Permanent magnet synchronous machine, Optimization, Electric vehicle application.
Stowa kluczowe: maszyna synchroniczna z magnesem trwatym, optymalizacja, zastosowanie w pojazdach elektrycznych

Introduction

Within the context of electric vehicle and hybrid electric
vehicle development [1], the value of the current supplying
the machine is an important criterion as it is directly related
to the vehicle autonomy. Permanent Magnet Synchronous
Machines (PMSM) are particularly attractive because of
their high power density and their efficiency on a large flux
weakening range [2-3].

The electric vehicle or hybrid electric vehicle working
cycles [4] are described by the vehicle speed vs. time
characteristic and the motor torque vs. time characteristic.
These characteristics give the motor power, torque and
speed through a conversion done by the gearbox.

Based on some motor working points and the PMSM
model, an optimization of the electromagnetic parameters is
carried out. The optimization objective is to minimize the
current consumption for both saliencies. This leads to a
comparison between Normal-Saliency PMSM and Inverse-
Saliency PMSM for a typical electric vehicle cycle and
allows quantifying the savings. Another goal is to
emphasize the electromagnetic parameters combination for
minimizing the objective function and show their values.

Electric vehicle working cycle and strategies

The on road electric vehicle characteristics are described in
Fig. 1 which gives vehicle’s speed in kilometer per hour as
well as the electric motor's torque. This corresponds to a
typical working urban and freeway configurations of the
vehicle.
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Fig.1. a) Vehicle speed, b) Electrical motor torque
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From this working cycle, each point of Fig. 1. is set in
the motor’s characteristics (power vs. speed and torque vs.
speed).

For the motor, the constraints are defined by the
maximum power Pmax, the maximum torque Tmax, the
base speed wp and the flux-weakening capability. In our
case, classical boundaries are employed to set the
maximum characteristics [5]:

e At start, a constant maximum
maximum power is reached;

e  Pnax and Tnax define the base point where speed is
equal to wy;

e To finish, a constant-power speed range on the
flux weakening range.

The motor’s operating points are reported in power vs.
speed characteristic and torque vs. speed characteristic
(Fig. 2). Boundaries (red lines) must be respected, they will
be introduced in the optimization constraints.
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Fig.2. Functioning points and boundaries in power-speed and

torque-speed ranges
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In a context of optimization, an evaluation of each
operating point is very time consuming, thus a reduction of
the number of points is necessary. A clustering procedure
determines the centroids of each cluster. A centroid is
defined by its coordinates in the power vs. speed
characteristic and its weight is equal to the number of
cluster’'s operating points. Results of this procedure are
illustrated in Fig. 3 where each cluster is showed by a
specific color and its centroid (black cross).
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Fig.3. Clusters and centroids in the power vs. speed characteristic

With this procedure, the objective function for this
optimization problem is reduced at 12 evaluations versus
about 2 000 evaluations initially.

Assumptions and PMSM Model

In performances’ criterions, the PMSM s particularity
adapted for vehicle’s traction thanks to its efficiency on a
large flux weakening range compared with other machines
[6-71].

The PMSM analytical model included some simplifying
assumptions: the winding resistance is neglected, the
saturation effects are not taken into account and the stator
reaction is ignored. The second assumption allows
considering the electromagnetic parameters proportional to
the speed or to the frequency. Thus, the electromagnetic
parameters — E the ElectroMotive Force (EMF), Xy and X,
respectively the reactances in d-axis and g-axis — are
proportional to the speed. The introduction of the speed
ratio m allows explaining these three parameters - defined
to the base point - as constants on the speed range.

W m=2-L
o, f

E=mE,
) X, =mX,
X, =mX,

As in [8], electromagnetic quantities like EMF and
reactances in dg-axis are used in the analytical modelling of
the PMSM by relationships of power, voltage, and current.
Following the previous assumptions and with (1) and (2),
the equations for each phase in steady-state operation are:

(3) P=mlE,.0, +(X, - X, )1,1,)
4) V= m\/(Eb - X)) +<qu14)z < Vo)

(5) 1=, +1,°

where V4, the maximum voltage per phase, is a function
of the PWM maximum dc-voltage.

In the following, we will not write the “b” sign for E, Xy
and X, which are the electromagnetic parameters at the
base point.

PMSM could be classified into three groups defined by
the saliency ratio between reactances d and q. In [9], the
saliencies are defined as follows:

e Non-Saliency with Xo/Xq~1 (for example Surface
PMSM);

e Normal-Saliency by X&/Xy>1;

e Inverse-Saliency by Xu/X,<1.

The electromagnetic parameters have an important
impact because they impose the rotor design and the
magnets’ configuration [10].

Optimization Procedure

The optimization aim is to minimize the current values by
the batteries during the operating cycle. The PMSM’s
relationships are coupled with an algorithm where the
electromagnetic parameters are the variables of the
optimization. A Genetic Algorithm (GA) is employed to solve
this optimization problem. With one set of parameters, the
minimal current is calculated for each centroid defined by its
power, speed and weight. Then, the objective function is
evaluated and returned at the GA.

Electromagnetic Parameters’ Boundaries

The boundaries of electromagnetic parameters (Table 1.)
are logically the same for both optimization problems,
except the saliency ratio.

Table 1. Boundaries of the optimization

Parameter Value Unit

E (ElectroMotive Force) [0;133.3] Vv

Xy (reactance d-axis) [0.01; 10] Q

X, (reactance g-axis) [0.01;10] Q
Normal-Saliency (Xd>Xq)

XdXq [1;3] -
Inverse-Saliency (Xd<Xq)

XdXq [1/3;1] -

In order to compare Saliency PMSM and to estimate the
gap between them, we choose to run two separates
optimizations. Thus two optimal machines will be compared:
Normal-Saliency vs. Inverse-Saliency PMSM.

Optimization Results
The characteristics of the optimal machines are given in
Table 2. It needs 90 individuals and 97 iterations (Fig.4.).

Table 2. Optimization’ results comparison

Normal-Saliency (Xd>Xq)

E 133.3V
Xy 1.788 Q
Xy 0.596 Q
XdlXq 3
Objective function 5.26e2
Inverse-Saliency (Xd<Xq)
E 133.3V
Xy 1.625Q
Xy 4876 Q
XdlXq 1/3
Objective function 4.76e2

Objective function values

10 20 30 40 50 60 70 80 90 100
Iterations number

Fig.4. Evolution of the objective function for the Inverse Saliency
optimization
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With these optimal electromagnetic parameters (E, Xy
and Xj) for Normal-Saliency and Inverse-Saliency PMSM,
we can estimate the current consumption on the complete
power-speed characteristic. We choose to calculate current
only on motor working (Fig.5. and Fig.6.) and to compare
the gap in percentage of two optimal saliencies machines.
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Fig.5. Current consumption for Normal-Saliency PMSM

Power (kW) Current consumption - Inverse-Saliency PMSM (Xq > Xd)
50

2000 4000 8000 10000 12000

6000
Speed (rpm)

Fig.6. Current consumption for Inverse-Saliency PMSM
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Fig.7. Gap of current consumption between Inverse-Saliency and
Normal-Saliency (black lines indicate the zero consumption gap)

Results of the optimization (Table 2.) are given for both
cases, the EMF is maximized and the saliency ratio is
maximized for Normal-Saliency and minimized for the
Inverse-Saliency.  Finally, whatever the saliency,
optimizations strive to maximize the EMF value and the
difference between the reactances. Moreover, with this
procedure, we obtained the values of the reactances,
solutions of optimal machines.

The results of the minimization of objective functions
show that the Inverse-Saliency is better than the Normal-
Saliency (about 11%). Thus, the first have a current
consumption lower that the second, so compared to the
Normal-Saliency, the Inverse-Saliency is better at
maximizing the vehicle’s autonomy.

Moreover, maximal current obtained in Fig.5. and Fig.6.
is lower for Inverse-Saliency with 94A vs. 104A for Normal-
Saliency PMSM. This gap of about 10% is an important
criterion for the maximal admissible current of the inverter.
Therefore, size of electronic components can be reduced.

The complete power-speed characteristic (Fig.7.) gives
the gap ¢ of current consumption for optimal machines (6),
where blue gradation indicate that the current consumed by
Inverse-Saliency is lower than that of Normal-Saliency. On
the opposite, the current consumed by Inverse-Saliency is
lower on the red gradation.

1

Inverse-Saliency — INormal—Saliency
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We can see that the Inverse-Saliency is more efficient
on the constant torque range with a gap of about 25%
(blue). Conversely, on the flux weakening range, the
Normal-Saliency give better results; however, maximum
gap is only of 10% (orange).

Finally all results prove that the Inverse-Saliency PMSM
is the better for VE application with a lower maximal current
and a better current consumption on the complete cycle.

Conclusion

The study on the operating cycle permitted to reduce
significantly the number of evaluations. Thus, we used
clusters to group cycle operating points at a centroid
defined by its coordinates and its weight. This solution
reduced the number of evaluation of about 2000 initially at
12. Henceforth, an optimization process is possible.

The PMSM model permits to define variables of the
optimization which are the electromagnetic parameters of
the PMSM machine — EMF and reactances Xy and X;. We
choose to compare two cases linked to the saliency ratio —
Normal-Saliency and Inverse-Saliency PMSM.

An optimization of each case has been carried out to
compare optimal solution and to evaluate the saving of one
versus the other. The minimizing of the current consumption
was chosen as objective function, thus the vehicle’s
autonomy is maximized.

Results showed that the EMF and the difference
between reactance must be maximized for VE application;
moreover, we can estimate values of the electromagnetic
parameters. And we demonstrate that the Inverse-Saliency
PMSM is better to maximize VE autonomy.

REFERENCES

[1] C. C. Chan, “The State of the Art of Electric and Hybrid
Vehicles”, Proceding of the IEEE, Vol.90, No.2, pp 247-275
Februay 2002.

[2] M. Zeraoulia, M. E. H Benbouzid and D. Diallo, “Electric Motor
Drive Selection Issues for HEV Propulsion Systems: A
comparative  Study”, |EEE Transactions on Vehicular
Technology, Vol.55, No.6, pp 1756-1764 November 2006.

[3] X. D. Xu, K. W. E. Cheng and N. C. Cheung, “Selection of
Electric Motor Drives for Electric Vehicles”, Power Engineering
Conference 2008, AUPEC’08, Australasian Universities, 14-17
December 2008.

[4] P. H. Nguyen, E. Hoang, M. Gabsi, L Kobylansky and D.
Condamin, “Permanent Magnet Synchronous Machines with
Concentrated Flux and Fractional Slot Windings: Performances
during Cycles for Hybrid Electric Vehicle Apllication”,
International Symposium on Industrial Electronics 2010 (ISIE),
Bari, 4-7 july 2010.

[5] G. R. Slemon, “Achieving a constant power speed range for PM
drives”, IEEE Transactions on Industry Applications, Vol.31,
No.2, pp 368-372, March/April 1995.

[6] J.SAINT-MICHEL, “Electric machines for hybrid vehicles
applications”, AEA 2006, Poitiers-Futuroscope, France, 5-6
April 2006.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 7b/2012 121



[7] R. H. Staunton and all, “PM Motor Parametric Design Analyses
for a Hybrid Electric Vehicle Traction Drive Application”, OAK
Ridge National Laboratory, Tenesse, USA, September 2004.

[8] R. F. Schiferl and T. A. Lipo, “Power Capability of Salient Pole
Permanent Magnet Synchronous Motors in Variable Speed
Drive”, IEEE Transactions on Industry Applications, Vol.26,
No.1, pp 115-123, January/February 1990.

[9] N. Bianchi, S. Bolognani and B. J. Chalmers, “Salient-rotor PM
Synchronous Motors for an extended flux weakening operation
range”, IEEE Transactions on industry applications, Vol.36, No.
4, pp 1118-1125, July/August 2000.

[10] M. Hippner, R. G. Harley, “Looking for an optimal rotor for high
speed permanent magnet synchronous machine”, Conference
Record of the IEEE Industry Applications Society Annual
Meeting, vol.1, pp265-270, 1992.

Authors: Benjamin Dagusé is with Ecole Supérieure d’Electricité, 3
rue Joliot-Curie, F-91192  Gif-sur-Yvette, France, E-mail:
benjamin.daguse@supelec.fr; Philippe Dessante is with Ecole
Supérieure d’Electricité, 3 rue Joliot-Curie, F-91192 Gif-sur-Yvette,
France, E-mail: philippe.dessante@supelec.fr; Pierre Vidal is with
Ecole Supérieure d’Electricité, 3 rue Joliot-Curie, F-91192 Gif-sur-
Yvette, France, E-mail: pierre.vidal@supelec.fr; Jean-Claude
Vannier is with Ecole Supérieure d’Electricité, 3 rue Joliot-Curie, F-
91192 Gif-sur-Yvette, France, E-mail :
jean-claude.vannier@supelec.fr; Jacques Saint-Michel is with

Moteurs Leroy Somer, Scientific Direction, F-16000 Angouléme,
France ; Jean-Luc Thomas is with Ecole Supérieure d’Electricité, 3
rue Joliot-Curie, F-91192 Gif-sur-Yvette, France.

122 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


