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High-Speed Electrical Machines and Drives

HE use of high-speed electrical machines and drives is

in continuous evolution for a number of engineering ap-
plications, including electrical spindles for milling cutters and
grinding, turbochargers, electrical turbo-compounding systems,
aeroengine spools, helicopter and racing engines, and fuel
pumps. These applications have typical operational speeds of
over 10000 r/min and r/min v/kW in excess of 10°. Applica-
tions with maximum speed of up to 150 000-200 000 r/min are
now under consideration with the first experimental realizations
ready.

The academic and industrial interests in this topic are grow-
ing very fast, pushing their research toward improvements in
the involved technologies with a significant impact in many
application areas. One of the main advantages of high-speed
machines and drives is the reduction of system weight for a
given power conversion. This is particularly desirable in all
transportation applications where a weight reduction directly
results in reduced fuel consumption and emissions. The electric
transportation system is one of main topics with a significant
push for advancing high-speed technologies. A second reason
in adopting high-speed machines in certain applications is the
improvement in reliability due to the elimination of intermedi-
ate gearing, such as high-speed direct drives.

The previous considerations have pushed the Guest Editors
to propose to the IEEE TRANSACTIONS ON INDUSTRIAL
ELECTRONICS Editors this “Special Section on High-Speed
Electrical Machines and Drives.” The Special Section was
fully approved, and it received strong interest in the electrical
machines and drives research community. The Special Section
received 53 papers submitted at the peer review. Among these
papers, only 19 papers have been accepted for publication.

All the accepted papers include strong experimental activities
to validate the proposed solutions. The accepted papers now
represent a milestone for researchers interested in the Special
Section topics.

The Special Section starts with a paper presented by high-
speed-machine specialists from Cummins together with the
Guest Editors concerning the state of art of the high-speed
electrical machines and drives [1]. In this paper, a review of
the current technologies used in high-speed electrical machine
applications is discussed through an extensive survey of differ-
ent topologies developed and built in the industry and academe.
In addition, the developments in materials and components,
including electrical steels and copper alloys, are also reported.

The other 18 accepted papers have been grouped in several
parts, taking into account their main topics.

The first part concerns the presentation of novel motor
topologies. In fact, in order to cope with the load request, high-
speed electrical machine applications often require innovative
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electromagnetic structure, and the three papers present very
interesting novel and innovative machine structures. The first
paper, by Tiiysiiz et al., presents a novel motor topology with
a lateral stator that is useful for drilling applications where the
space in the tool head is limited [2]. The stator of the motor
grows in one lateral direction, allowing for a compact direct-
drive design. The second paper, by Ikdheimo et al., discusses
a new type of synchronous reluctance rotors with a mechanical
robust structure [3]. The two-pole rotor design incorporates soft
magnetic flux guides inside a nonmagnetic matrix material. The
third paper, by Gaussens et al., deals with a new topology of
a hybrid-excited flux-switching machine with excitation coils
located in the stator slots or in the inner dc windings [4].

The high-speed electrical machines and drives are enlarging
the field of application where the direct drives are adopted
instead of the classical lower speed drive connected to me-
chanical gears. As a consequence, in order to better understand
the new application performance requirements, a presentation
of the innovative application areas driving the development
of high-speed machines and drives has also been included.
For this reason, the second part deals with four interesting
applications of high-speed electrical machines and drives. The
first paper, by Silber et al., presents an interesting high-speed
drive and frictionless suspension system for textile applications
[5]. The new rotor spinning unit is an innovative textile tech-
nology potentially leading to higher productivity and reduced
power consumption and dust deposit. The second paper, by
Crescimbini et al., discusses a solution for developing a direct
coupled electric drive to be used in combination with a radial
turbo expander for exhaust energy recovery in automotive
applications [6]. The high-speed machines and drives play an
important role in automotive applications. The third paper,
by Abrahamsson ef al., is on the same topic [7]. The paper
is concerning the design and optimization of a 30 000-r/min
kinetic energy storage system. The device is used as an energy
buffer storing up to 870 Wh, in urban vehicles. The fourth
paper, by Tenconi et al., concerns high-speed machines used
in electrical spindles [8]. The paper summarizes and discusses
the electrical and mechanical aspects involved in the high-
speed machine design, highlighting the main problems and the
tradeoffs that the designer must consider. Correlation between
volume reduction and the speed increase, based on commercial
high-frequency rotor—stator units, is discussed as well.

The design of high-speed machines represents a challenge
from the electromagnetic and mechanical points of view. The
high supply frequencies lead to an increase of both the iron
losses in the stator laminations and of the additional losses in
the winding due to the skin effects.

For the previous reasons, the third part groups six papers
concerning the electromagnetic design of high-speed electrical
machines. The first paper, by Li et al., discusses the use
of a rotor sleeve and its influence on the electromagnetic
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characteristics [9]. The analysis is carried out on a super
high-speed permanent-magnet generator. The second paper, by
Gonzales and Saban, studies copper losses in a 5-MW high-
speed permanent-magnet machine designed with form-wound
winding [10]. In particular, the impact of the slot configuration
on the proximity effect is analyzed, considering open and semi-
closed slots. The third paper, by Dems and Komeza, analyzes
the use of amorphous laminations on small induction motor
stator core with high-frequency supply [11]. The fourth paper,
by Li et al., presents a super high-speed permanent-magnet
generator that has an alloy sleeve on the rotor outer surface [12].
The sleeve used to fix the permanent magnets and protect them
from being destroyed by the large centrifugal force influence
the rotor eddy-current losses generated in the alloy rotor sleeve,
increasing the machine temperature. The fifth paper, by van
der Geest et al., deals with a simple and flexible method to
estimate stator parasitic effects, such as skin and proximity
effects producing uneven distribution of the currents across the
winding strands and additional circulating currents [13]. The
last paper of this part, by Papini et al., is about the design of
a high-speed permanent-magnet motor to be used in a fault-
tolerant operation [14]. A multidisciplinary approach to the
optimal design of the machine is adopted, minimizing the
additional losses resulting from faulty operating conditions and
accounting for the remedial control strategy.

From the mechanical point of view, the high rotational speeds
bring into play problems concerning the mechanical stresses
due to the peripheral speed and the right selection of the
bearings. As a consequence, the fourth part is constituted by
two papers concerning the mechanical and bearing problems
in high-speed machines. The former, written by Boisson et al.,
presents an analytical approach for determining the mechan-
ical eigenfrequencies of an electrical machine stator [15].
The model is based on the calculation and minimization of
Rayleigh’s quotient and the use of Timoshenko kinematic
model. The latter, by Looser and Kolar, describes a hybrid bear-
ing approach with an aerodynamic gas bearing for load support,
which is a small-sized active magnetic damper concept [16].
The proposed bearing solution enables stable high-speed oper-
ation of the gas bearing with a minimum of additional complex-
ity and costs.

The high rotational speed and, consequently, the high fre-
quency supply increase the problems due to a correct control of
the machine. Sophisticated controls require accurate measure-
ment of the stator currents and of the rotor speed and position,
and these signals have to be elaborated by high-speed hardware
(digital signal processors, field-programmable gate arrays, mi-
crocontrollers, etc.) able to reach the requested high bandwidth.
In order to show the possible solutions, the last part of the
Special Section includes three papers on high-speed drives and
related control strategies. The first paper, by Marceti¢ et al.,
presents the performance of a high-speed shaft-sensorless drive
with a very low sampling-to-fundamental-frequency ratio [17].
The second paper, by Hasanzadeh et al., presents a multiplat-
form hardware-in-the-loop approach to observe the operation
of a high-speed permanent-magnet synchronous generator cou-
pled with a microturbine in an all-electric-ship power system
[18]. The third paper is written by Mitterhofer ez al., and it deals
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with the high-speed capacity of bearingless drives, discussing
a high-speed bearingless disk drive designed to reach speeds
of beyond 100000 r/min [19]. In the paper, the mechanical
properties and the control system requirements necessary for
high-speed operation are also described.

The Guest Editors express their gratitude to all the authors
for submitting their contributions and to the reviewers for their
expertise and dedication to the review process. Finally, we ded-
icate a special acknowledgement to Prof. Mo-Yuen Chow, Past
Editor-in-Chief of the IEEE TRANSACTIONS ON INDUSTRIAL
ELECTRONICS, Prof. Carlo Cecati, current Editor-in-Chief, and
Ms. Sandra McClain, the Journal Administrator, for their great
support and patience.

ALDO BOGLIETTI, Guest Editor

Dipartimento Energia Corso Duca degli Abruzzi
Politecnico di Torino

10129 Turin, Italy

CHRIS GERADA, Guest Editor
Faculty of Engineering

The University of Nottingham
Nottingham, NG7 2RD, U.K.

ANDREA CAVAGNINO, Guest Editor
Dipartimento Energia Corso Duca degli Abruzzi
Politecnico di Torino

10129 Turin, Italy

REFERENCES

[1] D. Gerada, A. Mebarki, N. L. Brown, C. Gerada, A. Cavagnino, and

A. Boglietti, “High-speed electrical machines: Technologies, trends, and

developments,” IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 2946-2959,

Jun. 2014.

A. Tiiysiiz, C. Zwyssig, and J. W. Kolar, “A novel motor topology for high-

speed micro-machining applications,” IEEE Trans. Ind. Electron., vol. 61,

no. 6, pp. 2960-2968, Jun. 2014.

[3] J. Ikdheimo, J. Kolehmainen, T. Kinsidkangas, V. Kivela, and
R. R. Moghaddam, “Synchronous high-speed reluctance machine with
novel rotor construction,” IEEE Trans. Ind. Electron., vol. 61, no. 6,
pp. 2969-2975, Jun. 2014.

[4] B. Gaussens, E. Hoang, M. Lécrivain, P. Manfe, and M. Gabsi, “A

hybrid-excited flux-switching machine for high speed DC-alternator ap-

plications,” IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 2976-2989,

Jun. 2014.

S. Silber, J. Sloupensky, P. Dirnberger, M. Moravec, W. Amrhein, and

M. Reisinger, “High-speed drive for textile rotor spinning applications,”

IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 2990-2997, Jun. 2014.

F. Crescimbini, A. Lidozzi, G. Lo Calzo, and L. Solero, “High-speed

electric drive for exhaust gas energy recovery applications,” IEEE Trans.

Ind. Electron., vol. 61, no. 6, pp. 2998-3011, Jun. 2014.

[7]1 J. Abrahamsson, M. Hedlund, T. Kamf, H. Tobias, and H. Bernhoff,

“High-speed kinetic energy buffer: Optimization of composite shell and

magnetic bearings,” IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3012—

3021, Jun. 2014.

A. Tenconi, S. Vaschetto, and A. Vigliani, “Electrical machines for high-

speed applications: Design considerations and tradeoffs,” IEEE Trans.

Ind. Electron., vol. 61, no. 6, pp. 3022-3029, Jun. 2014.

[9]1 W.Li, H. Qiu, X. Zhang, J. Cao, S. Zhang, and R. Yi, “Influence of rotor-
sleeve electromagnetic characteristics on high-speed permanent-magnet
generator,” IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3030-3037,
Jun. 2014.

[10] D. A. Gonzalez and D. M. Saban, “Study of the copper losses in a high-
speed permanent-magnet machine with form-wound windings,” IEEE
Trans. Ind. Electron., vol. 61, no. 6, pp. 3038-3045, Jun. 2014.

[11] M. Dems and K. Komeza, “Performance characteristics of a high-speed
energy-saving induction motor with an amorphous stator core,” IEEE
Trans. Ind. Electron., vol. 61, no. 6, pp. 3046-3055, Jun. 2014.

[2

—

[5

=

[6

=

[8

—



IEEE TRANSACTIONS ON INDUSTRIAL ELECTRONICS, VOL. 61, NO. 6, JUNE 2014

[12] W. Li, H. Qiu, X. Zhang, J. Cao, and R. Yi, “Analyses on electromagnetic
and temperature field of superhigh-speed permanent-magnet generator
with different sleeve materials,” IEEE Trans. Ind. Electron., vol. 61, no. 6,
pp. 3056-3063, Jun. 2014.

[13] M. van der Geest, H. Polinder, J. A. Ferreira, and D. Zeilstra, “Current
sharing analysis of parallel strands in low-voltage high-speed machines,”
IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3064-3070, Jun. 2014.

[14] L. Papini, T. Raminosoa, D. Gerada, and C. Gerada, “A high-speed
permanent-magnet machine for fault-tolerant drivetrains,” IEEE Trans.
Ind. Electron., vol. 61, no. 6, pp. 3071-3080, Jun. 2014.

[15] J. Boisson, J. F. Louf, J. Ojeda, X. Mininger, and M. Gabsi, “Analytical
approach for mechanical resonance frequencies of high-speed machines,”
IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3081-3088, Jun. 2014.

other international journals.

1999, respectively.

conference proceedings.

2945

[16] A. Looser and J. W. Kolar, “An active magnetic damper concept for
stabilization of gas bearings in high-speed permanent-magnet machines,”
IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3089-3098, Jun. 2014.

[17] D. P. Marceti¢, 1. R. Krcmar, M. A. Gecic, and P. R. Matic, “Discrete
rotor flux and speed estimators for high-speed shaft-sensorless IM drives,”
IEEE Trans. Ind. Electron., vol. 61, no. 6, pp. 3099-3108, Jun. 2014.

[18] A. Hasanzadeh, C. S. Edrington, N. Stroupe, and T. Bevis, “Real-time
emulation of a high-speed microturbine permanent-magnet synchronous
generator using multiplatform hardware-in-the-loop realization,” /IEEE
Trans. Ind. Electron., vol. 61, no. 6, pp. 3109-3118, Jun. 2014.

[19] H. Mitterhofer, W. Gruber, and W. Amrhein, “On the high speed ca-
pacity of bearingless drives,” IEEE Trans. Ind. Electron., vol. 61, no. 6,
pp. 3119-3126, Jun. 2014.

Aldo Boglietti (M’04-SM’06-F’12) was born in Rome, Italy. He received the Laurea degree in
electrical engineering from the Politecnico di Torino, Turin, Italy, in 1981.

He is currently a Full Professor with the Politecnico di Torino. He is the author of more than
150 papers in the field of energetic problems in electrical machines and drives.

Dr. Boglietti was the Chair of the Electrical Machines Technical Committee of the IEEE
Industrial Electronics Society. He is currently the Chair of the Electric Machines Committee of
the IEEE Industry Applications Society. He serves as an Associate Editor for the IEEE TRANS-
ACTIONS ON INDUSTRIAL ELECTRONICS and a Reviewer for many IEEE TRANSACTIONS and

Chris Gerada (M’05) received the Ph.D. degree in numerical modeling of electrical machines
from The University of Nottingham, Nottingham, U.K. in 2005.

In 2008, he was a Lecturer of electrical machines and then became an Associate Professor
in 2011 at The University of Nottingham, where he is currently a Professor. His core research
interests include the design and modeling of high-performance electric drives and machines.

Dr. Gerada is a Royal Academy of Engineering/Cummins Chair in Electrical Machines, and an
Executive Member of the Management Board of the U.K. Magnetic Society and the Institution
of Engineering and Technology Aerospace Technical and Professional Network. He serves as an
Associate Editor for the IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS.

Andrea Cavagnino (M’04-SM’10) was born in Asti, Italy, in 1970. He received the M.Sc. and
Ph.D. degrees in electrical engineering from the Politecnico di Torino, Turin, Italy, in 1995 and

He is currently an Associate Professor with the Dipartimento Energia, Politecnico di Torino.
His research interests include electromagnetic design, thermal design, and energetic behavior of
electric machines. He is the author of more than 120 papers published in technical journals and

Dr. Cavagnino is currently the Chair of the Electrical Machines Committee of the IEEE
Industrial Electronics Society. He serves as an Associate Editor for the [IEEE TRANSACTIONS ON
INDUSTRIAL ELECTRONICS and for the IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS,
and as a Reviewer for several IEEE TRANSACTIONS and other international journals.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


