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Bearingless machines are successfully used for a variety of applications that demand for low mechanical losses, low wear, and low
contamination. These machines require exact knowledge of the radial and angular rotor position in order to ensure stable levitation.
This information is obtained with different position sensors. Alternatively, a sensorless approach can be used to determine the rotor
position. The omission of the angular sensors leads to a reduction in costs and an improvement in reliability and allows to explore
new areas of applications for bearingless machines. However, few zero and low-speed sensorless angle estimators are published to
this date. Therefore, a novel model-based estimator to determine the rotor angle at zero and at low speeds and, thus, to allow
sensorless operation over the whole speed range of the bearingless permanent magnet synchronous machine is proposed in this
paper. The observer utilizes the radial position measurements and a model of the bearing force generation to determine the error
of the angular position estimation. The method is implemented on a bearingless machine prototype, and the functionality is shown
by measurements.

Index Terms— Bearingless, control, observer, sensorless.

I. INTRODUCTION

ABEARINGLESS machine is an electric motor with an
integrated magnetic bearing. The rotor of such a machine

is levitated using a magnetic field. This eliminates the need
for mechanical bearings and allows the rotor to be operated in
a sealed compartment. Bearingless machines are well suited
for applications with demands on high speeds, low wear, and
low particle generation and contamination [1]–[3].

This paper focuses on a bearingless permanent magnet
disk drive [4]. The rotor consists of a ring-shaped permanent
magnet with a diameter that exceeds its axial length. This
topology is advantageous, because it features passive stability
in three degrees of freedom. Therefore, only three degrees of
freedom have to be controlled actively [5], [6]. Fig. 1 shows a
bearingless machine that utilizes such a topology and is used
to verify the angle estimation method. The control system
utilizes information from displacement and angular sensors
to achieve stable levitation and a high drive performance. The
cost and the complexity of the system can be reduced if an
angle-sensorless control is used. This allows for new areas of
operation for bearingless machines.

Different ways of sensorless estimation of the rotor
angle for permanent magnet machines are reported in the
literature [7]–[10]. These methods can be divided into
two categories: either the machine voltages and currents are
measured to obtain information about the induced voltage and
the rotor flux angle or high-frequency signals are injected into
the machine terminals to measure the phase inductances. The
first approach requires a minimal amplitude of the induced
voltage and, thus, can only be employed for medium and
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Fig. 1. (a) Picture of a bearingless permanent magnet machine prototype.
(b) Schematic representation.

high speeds. The second approach works for all speed ranges.
However, any rotor displacement in a bearingless machine
will disturb the inductance measurement and, therefore, have
a direct impact on the angle estimation.

A feed-forward control method for operating bearingless
machines at low speeds was introduced in [11]. The method
utilizes dc to achieve passive angular stability of the rotor,
leading to a low efficiency of the machine.

This paper proposes the usage of a novel, model-based
zero- and low-speed-angle observer to obtain the rotor angle
based on the observations of the radial bearing behavior. The
force and the torque generation in a bearingless machine are
described based on the flux density harmonics in the air gap.
Subsequently, the influence of a rotor angle estimation error
on the behavior of the radial position control is examined.
This serves as a basis for the formulation of the angle
observer structure. The operational principle of the observer is
investigated through simulations, and the functionality of the
method is shown by experiment.

II. FORCE AND TORQUE CALCULATION

The radial forces and the torque acting upon the rotor
of a bearingless machine can be calculated using the
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TABLE I

RELEVANT VARIABLES DEFINING THE MAGNETIC FLUX DENSITY

IN THE AIR GAP OF A BEARINGLESS MACHINE

TABLE II

RELEVANT FIELD HARMONICS OF THE RADIAL AND TANGENTIAL

FLUX DENSITY COMPONENTS IN THE AIR GAP (k ∈ [r, t])

Fig. 2. Passive and bearing forces for a displaced rotor with (a) zero angle
estimation error and (b) non-zero angle estimation error.

Maxwell stress tensor [12]. The force and the torque calcula-
tion neglects z components of the flux due to the axial sym-
metry of the bearingless disk drive. Therefore, it is sufficient
to consider the radial and tangential flux components in the
air gap. The calculation is carried out by integrating along
the contour ξ shown in Fig. 2. The coordinate α depicts the
position on ξ . Force and torque are calculated as

Fx ∝
∫ 2π

0

(
B2

r − B2
t

)
cos(α) − (2Bt Br) sin(α)dα

Fy ∝
∫ 2π

0

(
B2

r − B2
t

)
sin(α) + (2Bt Br) cos(α)dα (1)

Tz ∝
∫ 2π

0
Bt Brdα.

The flux density components Br and Bt can be approximated
by their space harmonics Bk,i as

Bk(α) ≈
∑

i

B̂k,i sin(iα + φk,i), k ∈ [r, t]. (2)

The amplitude B̂k,i and the phase φk,i of the space harmonics
are dependent on the rotor position as well as the drive and
bearing currents in the stator windings.

If magnetic saturation is neglected, then the i th space
harmonic of the magnetic flux density can be stated as

Bk,i = Bk,i,0(θ) + Bk,i,�(θ,�x,�y)

+ Bk,i,B( ÎB, φB) + Bk,i,D( ÎD, φD) (3)

with the relevant variables listed in Table I. Table II lists the
correlations between the parameters and the harmonics, where
Î is the amplitude and φ is the phase of a current.

III. BEARING BEHAVIOR

The radial position controller of a bearingless machine
controls the bearing currents in the stator windings to ensure
a stable levitation of the rotor at a given reference position
x∗ and y∗. The controller requires information about the radial
position and the angle of the rotor magnet to achieve this task.
It is assumed that the radial position is known exactly, but the
rotor angle is only estimated. The actual rotor angle is denoted
by θ , the estimation is denoted by θ̂ , and the error is denoted
by �θ = θ̂ − θ .

Assume that θ = 0, meaning that the rotor flux ��R is placed
on the x-axis, there is no angle estimation error, θ̂ = θ , and the
rotor is at a reference rotor position x∗ > 0, y = 0, as shown
in Fig. 2(a). If higher flux density harmonics are neglected,
the flux density components on the contour ξ are

Br,1 = B̂r,1,0 cos(α)

Bt,1 = B̂r,1,0 cos(α − π/2)

Br,2 = B̂r,2,� cos(2α)

Bt,2 = B̂t,2,� cos(2α − π/2) (4)

with B̂r,2 > B̂t,2. Inserting (4) into (1) shows that the radial
displacement results in a force �F�. The bearing controller
needs to generate a bearing force �F∗

B that compensates �F�.
Therefore, the radial position controller imposes bearing cur-
rents in the stator coils leading to the bearing flux density
harmonics

Br,2,B = B̂r,2,B cos(2α + π)

Bt,2,B = B̂t,2,� cos(2α + π/2) (5)

which, according to (1), leads to a zero net force and zero
torque.

However, if the rotor angle estimate is not correct, then the
bearing will behave differently. Assuming that the rotor angle
is changed to θ > 0, as shown in Fig. 2(b). The passive flux
density harmonics of order one and two are

Br,1,0 = B̂r,1 cos(α − θ)

Bt,1,0 = B̂r,1 cos(α − θ − π/2)

Br,2 = B̂r,2,� cos(2α − θ)

Bt,2 = B̂t,2,� cos(2α − θ − π/2). (6)

Assume that the radial position controller has no information
about the new rotor angle, meaning that the estimated angle
θ̂ = 0 ⇔ �θ > 0. Therefore, the bearing flux components are
as given in (5). Inserting (5) and (6) into (1) results in

FB,x < F∗
B,x, FB,y > F∗

B,y = 0, Tz < 0. (7)

This shows that a rotor angle estimation error |�|θ > 0 has
two effects on the bearing behavior. First, the second-order flux
harmonics of a displaced rotor and the bearing harmonics lead
to a torque T�,z. The magnitude of this torque is proportional
to the displacement. The torque is forcing the rotor angle to
the estimated angle, and driving the estimation error θ̂ to zero.
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Fig. 3. Simplified block diagram of the radial bearing and the angle observer.

Second, the angle estimation error leads to a deviation of
the bearing force. The applied bearing forces �FB can be stated
depending on the ideal bearing forces �F∗

B and the rotor angle
estimation error as

�FB =
[

cos(�θ) − sin(�θ)
− sin(�θ) cos(�θ)

]
· �F∗

B . (8)

IV. OBSERVER STRUCTURE

The angle observer is based on the force coupling described

in (8). The observer estimates the angle error �θ̂ by evaluating

the difference between the ideal bearing force �F∗
B and the

actual bearing force �FB.
A simplified block diagram of the radial bearing with

observer is shown in Fig. 3. The two position controllers
are labeled Cx(s) and Cy(s) and are of a PID structure.
The radial bearing is labeled B(s), and the estimation error
observer is labeled O. The estimated rotor angle is adapted in
the block A. The position controllers calculate the reference
bearing currents IBx and IBy based on the deviation of
the rotor position x, y from the reference position x∗, y∗.
Block T denotes a park transformation, transforming the
bearing currents from the rotor flux orientated coordinate
system to the stator orientated coordinate system by rotating
them with the angle θ̂R. The transformed currents will lead to
the forces Fx and Fy, according to (1), which define the rotor
movement together with any external forces Fx,e and Fy,e. The
external forces consist of the displacement force and possible
disturbance forces.

The observer block O calculates an estimate of the rotor
angle error

�θ̂ = � ( �IB) − � ( �Fr,e) − 180◦ (9)

as the difference between the angle of the bearing current �IB

and the angle of an external radial force �Fr,e . This force can
be the gravitational force or a displacement force, as shown
in Fig. 2. The implementation of O is depending on the
presence or absence of radial gravitational pull. If the external
force is created by rotor displacement, then the direction of
the force can be calculated as

� �Fr,e = � �r = arctan
( y

x

)
. (10)

Therefore, the angle estimation error �θ̂ can be calcu-
lated using �IB and the rotor position x and y. Block A

Fig. 4. Pointer diagram showing the forces acting on a rotor in stable
levitation with (a) no estimation error and (b) non-zero estimation error.

Fig. 5. Simulation of closed-loop observer performance for (a) acceleration
from 0 to 100 r/min showing the rotor speed and rotor speed estimate
and (b) estimation error.

calculates θ̂ based on θinit and �θ̂ as

θ̂ (t) = θinit + Pobs · �θ̂(t) + Ii ·
∫ t

0
�θ̂(τ)dτ (11)

where PA and IA are the proportional and integrator gain of
the adaption mechanism.

The functionality of the observer block O can be illustrated
with the following example. Assume that the rotor is levitating,
the rotor angle is known, i.e., �θ = θ̂ − θ = 0, and an external
radial force �Fr,e is applied. The net force acting on the rotor
is zero in stable levitation. Therefore, the bearing force �FB is
pointing in the opposite direction of �Fr,e. Inserting �θ = 0
into (8) shows that �F∗

B and �IB are parallel to �FB, and note that
kB is the bearing force constant. The corresponding pointer
diagram is shown in Fig. 4(a). Fig. 4(b) shows the same
example with an angle estimation error �θ �= 0. The net
force acting upon the rotor is still zero, and therefore, �FB is

opposing �Fr,e. However, F∗
B and subsequently �IB are rotated

by �θ according to (8). The angle observer detects that the

angle between �Fr,e and �IB is no longer 180◦ and corrects the
angle estimate θ̂ to drive �θ to zero.

Fig. 5 shows a simulation of the operation of a bearingless
machine operated with the angle estimator. The simulation
models the machine shown in Fig. 1 and captures its dynamics
by including all flux density harmonics listed in Table II.
Furthermore, non-idealities, such as measurement noise, are
also modeled. The simulation assumes that there is no radial
gravitational pull, and therefore, the radial reference position
is set to

r∗ =
√

(x∗)2 + (y∗)2 > 0. (12)

This results in a radial displacement force �F� according to (1)
that must be overcome by the bearing. The displacement
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Fig. 6. Logged data from the control of the test machine showing the machine
speed for (a) acceleration from 0 to 500 r/min and (b) difference between
estimated and measured angle at 500 r/min.

force is used as �Fr,e in (9) to determine the rotor angle.
The simulation is initialized with the correct rotor angle,
i.e., �θ = 0. The estimated angle error �θ̂ is calculated
according to (9). The integrator in (11) drives the estimation
error �θ to zero once the rotor speed reaches the reference
speed [see Fig. 5(b)].

The estimation error is shown in Fig. 5(b). The rotor
speed estimate is calculated by the derivation of the angle
estimate and is used for the drive current controller. Fig. 5(a)
shows the machine speed n, the reference speed n∗, and the
machine speed estimate n̂. The machine speed is constant after
approximately 11 s.

V. IMPLEMENTATION

The angle estimation method has been implemented on
a commercially available machine [see Fig. 1(a)] to verify
the functionality of the model-based angle estimation. The
control utilizes only the estimated angle for operation, and
angle sensors are used to calculate the estimation error. The
machine speed is obtained by taking the time derivative of the
estimated angle.

The angle-sensorless initial angle detection and start-up
procedure are taken from [11]. The novel angle estimation
method is started once the rotor reached stable levitation. The
rotor reference position was displaced to generate a sufficient
external radial force.

The machine was successfully operated up to rotating
speeds of 500 r/min, which is sufficient to switch to an
observer method relying on the induced voltage. The plots in
Fig. 6 show logged data values from the control. It is assumed
that the angle sensors measure the rotor angle with negligible
error, i.e., θmeasured = θ . Fig. 6(a) shows the reference and
estimated speed for an acceleration from 0 to 500 r/min. The
angle estimation error �θ for a constant machine speed of
500 r/min is shown in Fig. 6(b). The machine efficiency at
500 r/min is increased by ∼20% compared with the efficiency
with feed-forward control proposed in [11].

The observer method works as long as radial disturbance
forces acting upon the rotor are small compared with the dis-
placement force, which is applied by the observer algorithm.

Any unknown radial disturbance force �Fδ will lead to an
angle estimation error �θ̂δ that cannot be detected by the angle
estimator.

Radial disturbance forces, as they can be observed, e.g., in
hydraulic machines, such as blowers or pumps, are highly
speed dependent and are generally very low in the observer
speed range. Known static forces, such as the gravitational
force or static pressure, can be actively compensated for.

Furthermore, any error in the current or position measure-
ment will have a direct impact on the quality of the estimation.
This is most likely the reason for the non-zero mean value of
the angle estimation error at 500 r/min.

Radial disturbance forces, as they can be observed, e.g., in
hydraulic machines, such as blowers or pumps, are highly
speed dependent and are very low in the speed range of the
observer.

VI. CONCLUSION

The angle observer structure proposed in this paper allows
the estimation of the rotor angle for zero and low speeds.
A proof of concept is shown for low speeds using a commer-
cially available machine.

Further improvement of the performance of the method is
possible by the optimization of the observer, the position, and
the speed controllers. This requires a more detailed analysis
of non-ideal effects in the bearing and a formulation of the
dynamics of the complete control system.

ACKNOWLEDGMENT

This work was supported by the Swiss Commission for
Technology and Innovation.

REFERENCES

[1] A. O. Salazar, A. Chiba, and T. Fukao, “A review of developments in
bearingless motors,” in Proc. 7th Int. Symp. Magn. Bearings, May 2000,
pp. 335–340.

[2] J. Amemiya, A. Chiba, D. G. Dorrell, and T. Fukao, “Basic characteris-
tics of a consequent-pole-type bearingless motor,” IEEE Trans. Magn.,
vol. 41, no. 1, pp. 82–89, Jan. 2005.

[3] T. Tezuka, N. Kurita, and T. Ishikawa, “Design and simulation of a
five degrees of freedom active control magnetic levitated motor,” IEEE
Trans. Magn., vol. 49, no. 5, pp. 2257–2262, May 2013.

[4] X. Sun, L. Chen, and Z. Yang, “Overview of bearingless permanent-
magnet synchronous motors,” IEEE Trans. Ind. Electron., vol. 60, no. 12,
pp. 5528–5538, Dec. 2013.

[5] W. Gruber, S. Silber, W. Amrhein, and T. Nussbaumer, “Design variants
of the bearingless segment motor,” in Proc. Int. Symp. Power Electron.
Elect. Drives Autom. Motion (SPEEDAM), Jun. 2010, pp. 1448–1453.

[6] T. Nussbaumer, P. Karutz, F. Zurcher, and J. W. Kolar, “Magnetically lev-
itated slice motors—An overview,” IEEE Trans. Ind. Electron., vol. 47,
no. 2, pp. 754–766, Mar. 2011.

[7] J.-S. Kim and S.-K. Sul, “New approach for high-performance PMSM
drives without rotational position sensors,” IEEE Trans. Power Electron.,
vol. 12, no. 5, pp. 904–911, Sep. 1997.

[8] H.-W. Park, S.-H. Lee, T.-H. Won, M.-S. Kim, and C.-U. Kim, “Position
sensorless speed control scheme for permanent magnet synchronous
motor drives,” in Proc. IEEE Int. Symp. Ind. Electron. (ISIE), vol. 1.
Jun. 2001, pp. 632–636.

[9] P. P. Acarnley and J. F. Watson, “Review of position-sensorless operation
of brushless permanent-magnet machines,” IEEE Trans. Ind. Electron.,
vol. 53, no. 2, pp. 352–362, Apr. 2006.

[10] S.-Y. Kim and I.-J. Ha, “A new observer design method for HF signal
injection sensorless control of IPMSMs,” IEEE Trans. Ind. Electron.,
vol. 55, no. 6, pp. 2525–2529, Jun. 2008.

[11] K. Raggl, B. Warberger, T. Nussbaumer, S. Burger, and J. W. Kolar,
“Robust angle-sensorless control of a PMSM bearingless pump,” IEEE
Trans. Ind. Electron., vol. 56, no. 6, pp. 2076–2085, Jun. 2009.

[12] K. J. Meessen, J. J. H. Paulides, and E. A. Lomonova, “Force
calculations in 3-D cylindrical structures using Fourier analysis and
the Maxwell stress tensor,” IEEE Trans. Magn., vol. 49, no. 1,
pp. 536–545, Jan. 2013.


	2016_IEEE_Titelblatt.pdf
	8_Angle-Sensorless Zero- and Low-Speed Control of Bearingless Machines_Wellerdieck.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /sRGB
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




