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Abstract — In this work, the inductances of an induction
motor, which rotor may be misaligned, are evaluated.
Two types of analysis are performed: Analytical Method
(AM) and Finite Element Method (FEM). For radial
displacements, both methods show equivalent results but
to evaluate inductances as a function of angular
displacements, only with FEM was possible to get results
as with AM it would be necessary intricate functions. The
inductances obtained with FEM were included in
simulations of a bearingless induction motor with split
windings. This approach shows a good agreement with
experimental results.

Keywords - Airgap Eccentricity, Bearingless Induction
Motor, Finite Elements Method, Inductance.

[. INTRODUCTION

Induction motors with split windings operating as
bearingless induction motor are being studied since 1989 [1],
[2] and [3]. With this configuration it is possible to generate
torque and radial positioning forces. With this approach
some works were reported in the literature focusing on
starting and constant speed operation [4], [5]. Strategies of
speed control with good responses were also reported in [6].
Respect to the implementation of controllers, a significative
progress has been reported, including the use of DSP’s.
However, the effects of possible misalignment between rotor
and stator were not considered.

With this in mind, the interaction between magnetic fluxes
from induction motor when submitted to misalignment is
being studied [7]-[8]. In [9], one interesting analytical
method (AM) is presented. To study the effects of airgap
misalignment, the surfaces of stator and rotor are
approximated as cylinders.

In this work, the AM results are compared with
simulations using the Finite Elements Method (FEM), which
has been consolidated as an useful tool in the study of non-
linear phenomena and of great complexity.

The aim is the study of the self and mutual inductances
behavior of an induction motor when submitted to radial
misalignment. These results will allow for the prediction of
possible interferences of the magnetic fluxes inside the motor
with the torque and radial forces. These concerns are present
in the so called bearingless induction motor with split
windings [10].
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Fig. 1. Set of stator winding of the induction machine.

II. DETERMINATION OF MOTOR INDUCTANCES
WITH NON UNIFORM AIRGAP

The machine analyzed in this work is a four poles, two
phase induction motor, Figure 1. Each phase is composed of
four windings that are connected in series in normal
operation. When operating as a bearingless induction motor,
each of the windings of one phase is supplied separately in
order to control radial positioning. The other windings are
connected in series and supplied simultaneously when is
required the starting torque.

Table 1 shows the main parameters used to calculate
inductances.

TABLE I

Parameters of biphase induction motor
External diameter of stator 122.00 mm
Internal diameter of stator 70.00 mm
Rotor diameter 68.00 mm

Airgap 1.00 mm
Length of the rotor 85.00 mm
Section area of the stator slot 85.71 mm*
Area of the rotor slot 41.98 mm’
Number of wires in each slot of the stator 25.00
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A. Analytical Method (AM)

Assuming that the eccentricity of the rotor is limited to the
airgap, it is possible to approximate the inverse of the airgap
as the following function [9]:

P(x) =L=LEPZ.COS[Z'(K—OC)] (1)
g(K ) 80 iz0
where « is the reference angle of stator windings, a is the
mechanical rotor displacement angle, gy is the uniform
airgap, as shown in Figure 2, and
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where ¢ is the eccentricity between rotor and stator
centers, calculated as:

g=+—"—0 3)

Fig. 2. Eccentricity of airgap.

Due to the magnetic field variation caused by the
eccentricities of the airgap along any portion of winding v, it
is possible to find

va(K)'dl=nv(K)'v @)
air — gap

where H, is the magnetic field intensity, #n, the turn
function (number of coils), which depends of K | and i, is the
winding current.

Manipulating (4) and (1), using Gauss law for magnetic
fields in closed surfaces, assuming that the magnetic
permeability of the core is infinite, that magnetic field is
homogenous along the axial direction, that the dispersion of
the magnetic field on both extremities of the rotor is
neglected and considering that the airgap is very small when
compared to the rotor radius, self and mutual inductances can
be evaluated as in (5) and (6) respectively
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where N, and N, are the winding functions. For instance,

for winding v:
P RA0L0%
ij@yk

B. Finite Elements Method (FEM)

The complexity of the machine demands great care in its
modeling through FEM. A three dimensional simulation
would be more appropriate but it demands high
computational effort. For this reason it was chosen a two
dimensional simulation using an appropriated refinement on
the mesh.

From electromagnetism the inductance can be expressed
as:

N
L=—W 8
7 ®)

where L is the inductance, / is the current, N is the number
of turns and ¥ is the magnetic flux which can be obtained
from (9).

1I!=f(V><A)-ds )

According to Stoke’s theorem and calculating the vector
potential from its nodal values, it is possible to determine one
relationship to calculate the inductance in a general form:

m n

I S4\n4«~
where [ is the length of the rotor, 4; the nodal vector
potential, S is the total area in study, S; the element area, m is

the number of elements and #» is the number of nodes by
element (first-order triangle elements).

(10)

IIT. COMPARATIVE RESULTS

Inductance established through FEM (10) depends directly
on the magnetic vector potential, which changes according to
the rotor position. According to the AM these depend on (1).

In this work, self-inductances of phase A were evaluated
using the AM and FEM. In Figures 3 and 4 are shown the
self-inductances of windings Al ¢ A2 as a function of rotor
horizontal displacements. The average errors are 8%
approximately, which can be explained by the
approximations used with the analytical method. This shows
that FEM is a useful tool.

The results shown in Figures 5 and 6 would be difficult to
be obtained with the analytical method. It is about the self-
inductances of windings Al and A2 when there are angular
and radial displacements along the axis x. FEM shows that
there is an important variation of self-inductances of winding
A2 as the angular position of the rotor changes.
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Fig. 3. Self-inductances of Al and A3 windings submitted to radial
displacements along the axis x.
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Fig. 4. Self-inductances of A2 and A4 windings submitted to radial
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Fig. 5. Self-inductances of winding Al submitted to angular and
radial displacements along the axis x.
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Fig. 6. Self-inductance of winding A2 submitted to angular and
radial displacements along the axis x.
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On the other hand, FEM shows that there is a strong
influence of the angular displacement of the rotor in the
mutual inductance between the stator and rotor, as seen in
Figure 7.
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Fig. 7. Mutual inductance of winding Al and the correspondent
winding in the rotor submitted to angular and radial displacements
along the axis x.

IV. DYNAMIC SIMULATIONS

In order to verify the effect of inductances variations, as
calculated by FEM, in simultaneous speed and position
closed loop control systems, the behavior of the motor under
dynamic conditions was simulated using the software
Matlab™, Figure 8 shows the block diagram of a combined
conventional indirect airgap field oriented vector control
with the radial position control for the bearingless induction
motor. In this case, the speed controller is a proportional
integral (PI) type. The reference flux is held constant and the
PID radial position controllers generate the Ai, and Aiy
current components according to the error between the
position references and the position sensor signals. Related to
the motor model, an inductances matrix L(8,x), composed by
all the values obtained through the FEM, was included. The
simulations consider two conditions. In the first one, the
rotor is arbitrarily unaligned 0.2mm along the axis x and the
windings of phase A are activated in order to centralize the
rotor. Details of the displacement control may be found in
[11]. This process occurs during 0.6s. Figure 9 shows that the
rotor is centralized in approximately 0.2s. On the other hand,
Figure 10 shows the behavior of radial force, along the axis
x. As noted, the force presents a ripple as the inductances are
varying because of the rotor radial displacements. After 0.6s,
the closed loop of speed vector control is initiated. Figures 9
and 10 show transient effects on both, radial displacement
and force. Figure 11 shows the zoom of the rotor
displacement. As observed, a vibration happens during all the
starting. This result is in accordance with [10] and [12],
where it was experimentally observed that the position
controllers had not good performance when the motor was
submitted to load torque. As seen in Figure 12, the net torque
due to the vector control has a small ripple caused by the
variations of inductances. This effect would not be foreseen
if the analytical method to calculate the inductances were
used. In Figure 13 the behavior of rotor speed after a step
input of 900 rpm is shown.
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Fig. 8. Block diagram of an indirect airgap field oriented vector control for a bearingless induction motor with split windings.
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Fig. 9. Rotor radial displacement along the axis x.
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Fig. 10. Radial force along the axis x.
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Fig. 12. Torque during the motor starting.
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Fig. 13. Rotor speed.

In order to observe the effect of neglecting the inductance
variations due to the angular displacements in the motor
modeling, other simulations were performed. In this case, the
inductance matrix was modified to set the inductance values
as if the angular position were zero degrees so the
inductances changes only by radial displacements.

Figures 14, 15 and 16 show the rotor displacement along
the axis x, radial force and rotor speed, respectively. As seen,
in the firsts 0.6s the behavior of rotor is the same of the
previous case, because the same inductances were used.
From 0.6s until 2s transient effects in the radial displacement
and force are also observed. After 2s, the rotor suffers a
constant and periodic vibration and the rotor reach a speed
lower then the speed reference. Additionally, the simulation
showed that the amplitude of stator current reached its
maximum value, so this is the typical behavior of a detuned
vector control. As seen in Figure 7, to neglect the
dependence of angular displacement in mutual inductances
between stator and rotor, even with the rotor centralized,
implies an error into the value of the model parameters used
in the vector control.
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Fig. 14. Rotor displacement when the motor model uses an

inductance matrix that does not depend on angular displacement.
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V. EXPERIMENTAL RESULTS

In order to test the complete control system shown in
Figure 8, a workbench was implemented. It consists of a low
power bearingless induction motor with nominal airgap of
Imm, a current power supply module with five CC-VSI
converters, a target desktop computer with A/D and D/A
cards and a host computer running in the LabView
environment. The target computer runs in a real time
operative system. In Figure 17, the picture of the motor is
shown.

Fig. 17. The bearingless induction motor.
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Using the same procedure as in the simulation, Figure 18
shows the behavior of rotor speed. After 1s, the closed loop
speed control is activated and reaches the reference speed in
approximately 8s.
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Fig. 18. Experimental rotor speed.

The radial displacement of the rotor along the x-axis is
shown in Figure 19. In this case, after the activation of the
speed control, a strong vibration happens during 2s. As
noted, if compared with Figures 9 or 11, the transient and the
vibrations are similar but the amplitudes and durations are
different. This can be explained if it is taken into account that
in the simulations the current power sources are ideal and the
controllers are continuous. In the actual implementation the
sources are half-bridge inverters and the controllers are
digitally implemented.
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Fig. 19. Experimental radial displacement along the axis x.

VI. CONCLUSION

The reliability of finite elements method to calculate
inductance variations on an induction motor with an
unaligned rotor was tested. Some inductances would be very
difficult to obtain using only analytical methods.

The importance of these results is related to the so called
bearingless induction motor with split windings, where
simultaneous torque and radial force are present. As
previously noted, the displacement controller should be
improved as the levels of rotor currents with a loaded motor
affect the radial forces. FEM analysis shows that an
additional consideration should be taken into account as
some inductances are affected not only by the displacement
but also by the angular position of the rotor and this
determines directly the amplitude of torque harmonics.
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Simulations using the motor model with inductances
calculated by FEM show good agreement with experimental
results.

ACKNOWLEDGEMENT

The authors would like to thank the financial support of
CAPES, CNPq, PGMEC and Engineering school of UFF.

REFERENCES

[1] A. O. Salazar, and R. M. Stephan, “A Bearingless
Method for Induction Machine”, IEEE Transaction on
Magnetics, Vol. 29, No. 6, pp. 2965 - 2967,
November 1993.

[2] A. O. Salazar, R. M. Stephan, and W. Dunford,
"Mancais magnéticos para motores de inducéo utilizando
os enrolamentos do estator", VIII Congresso Brasileiro
de Automatica, Belém, Vol. 2, pp. 930-935, Set. 1990.

[3] J. M. S. Ferreira, M. Zucca, A. O. Salazar and L.
Donadio, “Analysis of a Bearingless Machine with
Divided Windings”, IEEE Transactions on Magnetics,
Vol. 41, No. 10, pp. 3931 — 3933, October 2005.

[4] R. R. Gomes, R. M. Stephan, and J. A. Santisteban,
“Self-Bearing Motor with DSP Based Control System”,
X International Symposium on Magnetic Bearings,
Martigny, 2006.

[5] J. M. S. Ferreira, J. A. Paiva, A. O. Salazar, F. E. Castro,
and S. N. D. Lisboa, “DSP Utilization in Radial
Positioning Control of Bearingless Machine”, ISIE —
IEEE  International — Symposium  on  Industrial
Electronics, Vol. 1, pp. 312 - 317, 2003.

[6] J. A. Paiva, J. M. S. Ferreira, A. O. Salazar, and A. L.
Maitelli, “Vectorial Speed Control using a Flux
Estimator for Bearingless Machines with Divided
Winding”, The 10th Internation Symposium of Magnetic
Bearing, Aug. 21-23rd, Martigny, Switzerland, 2006.

[7]1 T. Tera, Y. Yamauch, A. Chiba, T. Fukao, and M. A.
Rahman, “Performances of Bearingless and Sensorless
Induction Motor Drive Based on Mutual Inductances and
Rotor Displacements Estimation”, IEEE Transactions on
Industrial Electronics, Vol. 53, No. 1, pp. 187 — 194,
2006.

[8] G. M. Joksimovic, “Dynamic Simulation of Cage
Induction Machine with air gap eccentricity”, [EE
Proceedings — Electric Power Applications, Vol. 152,
No. 4, pp. 803 — 811, 2005.

[9] J. Faiz, and 1. Tabatabaei, “Extension of Winding
Function Theory for Nonuniform Air Gap in Electric
Machinery”, IEEE Transactions on Magnetics, Vol. 38,
No. 6, pp. 3654 — 3657, 2002.

[10]J. A. Santisteban, R. M. Stephan, “Analysis and Control
of a Loaded Bearingless Machine”, IEEE Transactions
on Magnetics, Vol. 35, No. 5, part 2, pp. 3998 — 4000,
1999.

[11]J. A. Santisteban, A. Ripper, R. M. Stephan, D. David
and R. Noronha, “Controller Design for a Bearingless
Electric Motor”, Revista Brasileira de Ciéncias
Mecdnicas, Volume XXI, Numero 1, pp. 91-98, Margo
de 1999.

Eletronica de Poténcia, Campinas, v. 15, n. 3, p. 213-219, jun./ago. 2010



[12]J. A. Santisteban, R. M. Stephan, “Modelling and
analysis of a loaded bearingless machine”, 8th Furopean
Conference on Power FElectronics and Applications
EPE’99, September 1999.

BIOGRAPHIES

Elkin F. Rodriguez V. was born in Bogot4, Colombia, in
1978. He received the Dipl.-Eng. degree in Electronic
Engineering from “Los Libertadores” University, Bogota,
Colombia, in 2003. The M.Sc. degree in Mechanical
Engineering from the Fluminense Federal University (UFF),
in 2006, where he is currently working toward the D.Sc.
degree. His main interests are control systems,
instrumentation and electric machines.

José Andrés Santisteban, was born in Lima, Pera, 1961.
He received the B.Sc. and the Engineer degrees in Electronic
Engineering from Universidad Nacional de Ingenieria (UNI),
Lima, Peru, in 1986 and 1988 respectively and the M.Sc and
D.Sc. degrees in electrical engineering from Universidade
Federal do Rio de Janeiro (COPPE/UFRIJ), Brazil, in 1993
and 1999 respectively. From 1988 to 1991, he worked as a

Eletrénica de Poténcia, Campinas, v. 15, n. 3, p. 213-219, jun./ago. 2010

researcher and as an assistant professor in UNI. From 1993
to 1995 was a researcher at UFRJ. In 1999, he joined to
Universidade Federal Fluminense, Niteroi, Brazil, where he
is currently an Associate Professor in the Electrical
Engineering Department and the Post-graduate Program in
Mechanical Engineering. He was an invited Associate
Professor in Tokyo University of Science in 2003. His
current research activities include bearingless machines,
power electronics and electrical drives. Dr. Santisteban is
member of IEEE and SOBRAEP (The Brazilian Society of
Power Electronics).

Antonio Carlos Ferreira received the B.Sc. and M.Sc.
degrees from the Federal University of Rio de Janeiro, Rio
de Janeiro, Brazil, in 1987 and 1991, respectively, and the
Ph.D. degree from the University of Cambridge, Cambridge,
UK., in 1997, all in Electrical Engineering. Since 1989, he
has been with the Graduate School of Engineering, Federal
University of Rio de Janeiro, where he is currently an
Associate Professor, teaching at both under-graduate and
post-graduate levels. His main interests are power system
and electrical machines.

219




<<
  /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


