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ABSTRACT:

The Switched Reluctance (SR) motor is a simple and robust machine, which has found application over a wide range
of different power and speed shapes. This paper briefly reviews the different types of SR motors with different
geometries and then presents a new configuration for a two phase SR motor with step shaped rotor poles. This motor
has the ability to start and run in a specified direction without any difficulties. In other words the motor will always
have starting torque no matter where the rotor is positioned. Also centrifugal switch is presented and mounted on the
motor shaft for a sudden advancement of current-pulses relative to the rotor position after reaching a preset motor
speed in order to develop a higher torque at starting. Then the machine is analyzed in the generator mode. To evaluate
the performance of the switched reluctance machine in motoring as well as generating mode, two types of analysis,
namely numerical technique and experimental study have been utilized. In the numerical analysis, due to the highly
non-linear nature of the motor, a three dimensional finite element analysis is employed, whereas in the experimental

study, a proto-type motor has been built and tested.
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1. INTRODUCTION

The Development of semiconductor rectifier and
power switching technology in the early 1960s led to
its rapid and successful application in variable speed
drives. This caused an interest in possible alternatives
and simpler motor/control configurations as the
switched reluctance motor. A reluctance motor consists
of a rotor, which has no windings of any kind and is
free to rotate between the pole pieces of a stationary
singly or multiply excited magnetic structure known as
the stator. Torque is produced by the tendency of the
rotor to align itself with the stator magnetic field [1].

This type of motors has several advantages such as
simplicity in construction, cooling, geometric
versatility, durability, and higher permissible rotor
temperature [2] .In general, there are four distinct types
of switched-reluctance motors: namely, regular doubly
salient cylindrical [3 - 4], disc-type [5 - 6], multi-layer
[7], and linear motors [8]. This classification is made
based upon the general shape of the motor.

The two phase switched reluctance motor has
gained much attention in the past few years due to its
simple motor construction as well as its drive circuit.
This makes a two phase motor which uses common

pole E-core structure has been introduced by Cheewoo
Lee, R. Krishnan, and N. S. Lobo [10] .In this
arrangement the E-core stator has three poles with the
two poles at the ends having windings and the center
pole has no copper windings. In [11], a new two phase
switched reluctance motor utilizing a governor for the
control of excitation has been presented. In [12]
different geometries have been proposed whereas all of
them consist of six stator poles and three rotor poles
with different pole arcs and some with variable
air-gaps. A detailed analysis of a 2-phase switched
reluctance motor has been discussed in [13], where a
significant component of the acoustic noise is
suppressed or neutralized by the means of a
flux-switching transition [13]. The high speed two
phase switched reluctance motor with a magnetic
levitated rotor is presented for high speed applications
in [14]. The design aspects of two-phase switched
reluctance motors for fan-applications are pointed out
in [15], where it has been shown, there is reducing
costs of machinery, the converter and controlling will
most likely result in an oversized motor.

The Switched Reluctance Generator (SRG) is also
an attractive solution for the worldwide increasing
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demand of electrical energy [16]. It is inexpensive,
fault tolerant with a rugged structure and operates with
a high efficiency over a wide speed range. Advantages
of using SRG have been proved for some applications
such as the starter/generator of gas turbines in aircrafts
[17, 18], windmill generators [19, 20] and as an
alternator for automotive applications [1]. A new
configuration for a two phase switched reluctance
motor is presented in [11] which the rotor is not
appropriate for mass production.

This paper presents a novel two phase configuration
approach for switched reluctance motors with a high
starting torque as along with experimental results
obtained for the new motor with and without using a
centrifugal switch for the fast advancement in firing
time. This paper is organized as follows: Section II
explains the motor configuration. Section III contains
the numerical analysis of the prototype machine.
Section IV demonstrates the Self exited generator
mode. Section V presents the physical assembly of the
machine as well as the experimental results obtained
from the new switched reluctance machine in motoring
at the generating modes which is followed by
conclusions offered in section VI.

2. THE NEW CONFIGURATION

The new motor has four poles on the stator just like
the regular two phase SR motor with two shaped and
skewed poles on the rotor. A three dimensional view of
the motor is shown in Fig. 1.

Fig. 2. A three dimensional view of the motor.

The stator geometry is the same as a regular two
phase SR motor but the rotor is step-shaped in such a
way to produce starting torque [21]. The shape of the
rotor is shown in Fig. 2.

Fig. 2. The rotor shape.
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The arc of rotor pole is the same as stator pole at
one side but twice as big in the other side.

The design of the SRM becomes complicated due to
the complex geometry and material saturation. The
reluctance variation of the motor has an important role
on its performance; hence an accurate knowledge of the
flux distribution inside the motor for different
excitation currents and rotor positions is essential for
the prediction of the motor performance. The motor is
highly saturated under normal operating conditions. To
properly evaluate the SRM's design and performance a
reliable model is required. In the presence of complex
magnetic circuit geometry and nonlinear properties of
the magnetic materials, the finite-element technique
can be conveniently used to obtain the magnetic vector
potential values throughout the motor. These vector
potential values can be processed to obtain the field
distribution, torque, and flux leakage.

The motor specifications considered for the study
are:

stator core outer diameter =30mm
stator core inner diameter =25mm
stator arc =45deg.
air gap =0.25mm
rotor core outer diameter =13.5mm
rotor shaft diameter =4.0mm
rotor larger =90deg.
rotor smaller arc =45deg.
number of turns per pole = 60turns

A fast acting mechanical governor is mounted on
the motor shaft in order to change the dwell angle
precisely for different speeds. By this way the phase
commutation will begin and end sooner. This method
allows for the current rise to the desired value within
sufficient time. Therefore, the motoring torque will not
fall off, and also, the current will be out of the winding
before the rotor reaches the negative torque region.

3. NUMERICAL ANALYSIS

There are two common methods for solving
magnetic field problems; one utilizes the magnetic
vector potential (A), and the other one employs the
electric vector potential (T). The partial differential
equation for the magnetic vector potential is given by;

o( oAy o OA) o oA (1)
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Where, A is the magnetic vector potential.

In the variational method, (Ritz) the solution to (1)
is obtained by minimizing the following function
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Where Q is the problem region of integration, the field
analysis has been performed using a Magnet CAD
package which is based on the variation energy
minimization technique to calculate the electric vector
potential. In this method, the electric vector potential
shown as T- Q, is define by:

J=VxT. 3)
From Maxwell's equation we have;

VxH=J=VxT 4)
Then

Vx(H-T)=0 ®)

Since the vector (H-T) can be expressed as the
gradient of a scalar i.e. we have

H=T-vVQ (6)
Where what is a magnetic scalar potential. Since:
oB
VXxE=-—— (7
ot
Then:
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ot ot ot ot
That is finally reduced to the following scalar
equations:

2 Gl oQ 9
VT ﬂo_(@t) yoV(atJ ©)
VQ=0. (10)

When a three dimensional magnetic field problem is
solved by A and V, it is needed to solve all three
components of A, whereas by using the T-Q method, T
can be simplified to produce a solution with only two
components of T available.

The motor configuration used for the numerical
simulation is shown in Figure 3.

Fig. 3. The motor configuration

The 3-D field analysis has been performed using a
commercial finite element package [9], which is based
on the variational energy minimization technique to
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solve the magnetic vector potential.

The plots of magnetic flux density and its direction
for the completely unaligned, beginning of alignment,
half aligned, and fully aligned cases for a current
magnitude of 3A are shown in figures 4, 5, 6 and 7,
respectively.
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Fig. 5. magnetic flux density for the beginning of alignment
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Fig. 6. magnetic flux density for half aligned case.

As it is seen in Figure 4, the stator and rotor poles
are fully unaligned and the magnetic flux has a density
of 1.7 Tesla on the tips of the stator poles.

Figure 5 illustrates the motor when the rotor poles
are at the beginning of alignment with the stator poles.
As shown in Figure 5, the aligned corners of the rotor
and stator poles are in saturation and the maximum
magnetic field density is about 2.8 Tesla. The direction
of the magnetic flux inside the motor is also shown in
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the same figure which starts from a stator pole and goes
to the rotor poles and passes through the yoke to the
corresponding opposite poles.

Figure 6 depicts the magnetic flux density as well as
its direction for half aligned rotor and stator poles.

The maximum flux density for the aligned parts of
the rotor and stator poles reaches up to about 2 Tesla as
shown in Figure 6.

Finally, Figure 7 shows the rotor and stator poles in
full alignment.

18] smoathed
a2

Fig. 7. Magnetic Flux Density for the Fully Aligned
Case

As shown in Figure 7 the stator and rotor poles are
in saturation, both with magnetic flux densities of about
2.9 Tesla.

The inductance has been defined as the ratio of each
phase flux linkages to the exciting current (A/I). Values
based on this definition are presented in Figure 8 for
the motor.

Inductance(mH)

ELe] 20 10 120 170

Rotor Angle(deg.)

Fig. 8. Terminal inductance vs. rotor position

In the Figure 8, zero degree is considered to be at
the unaligned state. The inductance profile shows a
steady increase as the rotor poles move into alignment
with the stator poles, hence positive torque can be
obtained from 0° to 90° of the rotor arc. The inductance
versus the rotor position data has been depicted by
three curves; first from 0 to 45 degrees (first rotor step),
second from 45 to 90 degrees (second rotor step) and
finally, from 90 to 145.

Due to the step shape of the rotor which produces
larger variations in flux linkage, zero to forty five
degree curve shows a faster rise (higher slope) than the
other one.
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The plot of static torque versus rotor positions
developed by the reluctance motor for a current of 3A

is shown in Figure 9.
0.8

o7 8
0.6 4
E 051
z
o 0.4
=]

o
S 03

0.2 4
0.14
0

0 20 40 60 80 100
Rotor Angle (Deg.)

Fig. 9. Static torque versus rotor positions

The torque starts at 0.1 N.m at the beginning and
reaches its maximum of about 0.75 N.m at the half
alignment of stator/rotor poles and goes to zero at the
full alignment. The rising and falling of static torque
which is mostly due to the square of motor phase
current in this type of motor curves can be estimated
adequately by two second degree polynomials.

4. SELF EXCITED GENERATOR MODE

When the machine is driven by a prime mover and
stator windings are excited during the negative slope of
the phase inductance then the torque generating can be
produced.

The torque in a SRM can be expressed lineally as

_ld_LiZ

T=-
2d6

(11

Where, L is the phase inductance, i is the motor
current and 6, the rotor position.

This equation means that the torque is negative in
the region of dL/dO <0. When the stator windings are
excited in that region and the rotor is driven by a proper
prime mover, the mechanical energy can be
transformed into electric energy. In other words, torque
generation is produced when the phase winding is
energized during the negative slope of the phase
inductance variation, (i.e., after the complete
rotor/stator poles alignment).

Due to the step shape of the rotor which produces
larger variation in flux linkage, the zero to 45 degree
curve shows faster rise (higher slope) than the other
one from 45 to 90 degrees. The generated voltage can
be obtained from the phase inductance versus rotor
position by

e, _ 04 _o(ui)_ ai oL (12)
ot ot ot ot
Since the current, | is kept constant and

(89 / 8’() = @ then equation (4) can be rewritten as:
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L, NP, (13)
00 00
Where, o is motor angular speed in rad/sec.

The stator and rotor cores are made up of M-27
non-oriented silicon steel laminations. The shape of the
generated voltage during negative slope of phase
inductance is obtained by the inductance profile shown
in figure 8 and equation 5 for a speed of 1000 rpm and
shown in Figure 10.

The inductance profile is the summation of all four
stator pole windings which are connected in series.

0.4
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-2

Generated Voltage(V)

-0
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08
Rotor Angle(deg.}

Fig. 10. Generated voltage vs. rotor position

The generated voltage shown is negative due to the
negative slope of the phase inductance.

5. EXPERIMENTAL RESULTS

The motor has been fabricated and tested for its
performance and functionality in the laboratory. Figure
11 illustrates the fabricated two-phase SRM.

Fig. 11. The fabricated motor.

The static torque of the isolated phase was obtained
by blocking the motor at different angles. The
maximum static torque for a rated current of 3 A was
measured to be about 0.6 N.cm. It was observed that
the static torque has a lower value than the computed
value which was expected, since, the silicon sheet steel
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material used to build the motor is actually not what is
used for the numerical analysis.

The dynamic torque for the motor versus speed has
been measured by loading the motor. As the motor
speed increases the shape of the current waveform
changes in such a way that limits the production of the
motoring torque. At high speeds, it is possible for the
phase current to never reach the desired value due to
the self e.m.f. of the motor, therefore, the torque falls
off. In order to solve this problem, the turn on phase
angle is advanced in such a way that the phase
commutation  begins  sooner. Advancing the
commutation angle offers the advantages of getting the
current into the phase winding while the inductance of
the phase is low, and also to have a little more time to
get the current out of the phase winding before the rotor
reaches the negative torque region. A fast acting
governor is mounted on the motor shaft in order to act
as a switch. This governor opens up fast at a pre-set
value of about 100 rpm, which will cause a position
advancement of the rotor poles with respect to the
stator poles of about 8 degrees. It is possible to use
other means of changing firing time such as utilizing
different set of opto-couplers or employment of some
kind of a microcontroller. Using a torque meter, the
dynamic torque for both motors versus their speed has
been measured by loading the motors. The torque speed
characteristics of the motors without employing the fast
centrifugal switching action are shown in Figures 12
and 13, respectively.

Torque Speed Characteristics
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Fig. 12. Torque-speed characteristics without governor.
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Fig. 13. Torque-speed characteristics with governor.
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Fig. 14. Torque-current characteristics

As it 1s seen in Figure 13, the speed torque curve is
much higher than a normal curve. The torque-speed
characteristic of the motor is like a series dc motor. Figure
14 shows the torque versus the current under different
loads.

The generator in the self excited mode of operation is
connected to a prime mover and a two switch per phase
drive circuit. The speed of rotation is set at 1000 RPM.
The actual output current going in and out of the machine
for one of the stator pole winding is shown in Figure 19.
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Fig. 15. The actual current for one of the stator pole
winding (Self Excited)

The first part of the waveform has a positive current
magnitude which means the power is entering the unit
while in the other part of the waveform shows the unit
in the generating mode.

There are two opto-couplers, one for each phase and
a slotted disc with two 90° openings, since each rotor
arc is 90°.

Figure 16 shows the output signals coming from the
two photo-interrupters mounted on the back of the
motor.

There are four 900 pulses produced by the motor
shaft position sensors in each rotation. When one signal
is at a high state the other one is at low state. Each
pulse appears 2 times in one rotation for each phase
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since this is a two phase motor.

H
M
M
M
i
H
M
M
M
i
+
+
M
M
L
+
M
M
M
i
H
M
M
M
A T P P S S S S
¥
+
M
M
i
+
M
M
M
i
H
M
M
+
o -
+
+
M
M
i
+
M
M
H

eatht weot | i
AIH 1] 1]

Fig. 16. The output signals from the photo-interrupters

6. CONCLUSION

In this paper a novel two phase step shaped SR
motor was fabricated in the laboratory. The machine
parameters in motoring as well as the generating mode
were experimentally measured and tested. The two
main objectives of this paper was introducing a new
two phase SR motor configuration with a high starting
torque, and the achievement of using centrifugal switch
for fast turn-on time advancements. The experimental
analysis proves the functionality of the motor in its new
configuration, meaning, it has the ability and the
potential of becoming a motor comparable with other
types of switched reluctance motors in the industry.
The fast acting switch will cause the motor to have a
larger overlap area between rotor and stator poles at the
beginning; hence the stating torque will be higher than
a regular SR motor.

REFERENCES

[1] Fahimi B., Emad A.i and Sepe R.; “A Switched
Reluctance Machine Based Starter/Alternator for
More Electric Cars” Energy Conversion, IEEE
Transactions on Energy Conversion, Vol. 19, Issue. 1,
pp-116 — 124, (March 2004).

[2] Miller TJ.E.; Switched Reluctance Motor Drive,
Ventura, CA, Intertec Communications Inc, (1988)

[3] Krishnan R.; “Switched Reluctance Motor Drive:
Modeling, Simulation, Analysis, Design and
application”, Magna physics publishing, (2001)

[4] Liang F., Liao Y. and Lipo T.A.; “A New Variable
Reluctance  Motor  Utilizing an  Auxilary
Commutation Winding”, IEEE Tran. Ind., Vol. 30,
No. 2, pp. 423 - 432, (March/April 1994)

[5] Bastos J.P., Goyet R., Lucidarme J., Quichaud C. and
Rioux-Damidau F. “Performance of a Multi-Disc
Variable Reluctance Machine” International
Conference on Electrical Machines, Budapest, pp. 254
- 257, (1982)

[6] Afjei E. and Yousefi Azad; “A Novel Disc Type
Reluctance Motor”, International journal of



Majlesi Journal of Electrical Engineering

(7]

[10]

(1]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

engineering, Vol. 10, pp. 11 - 17, (Feb. 1997)

Afjei E. and Toliyat H.; “A Novel Multilayer
Switched Reluctance Motor”, IEEE Transaction on
Energy Conversion, Vol. 17, No. 2, pp 1 — 5, (June
2002).

Bae, H.K. Bae, Vijaraghavan P and Krishnan R
“Design of a Linear Switched Reluctance
Machine”, IEEE Industry Appl. Conf. (IAS ‘99) USA,
Vol. 1, pp. 2267 -2274, (October 1999)

Magnet CAD Package: User Manual, Infolytica
Corporation Ltd., Montreal, Canada, (2006)

Lee Cheewoo, Krishnan R. and Lobo N.S. “New
Designs of a Two-Phase E-Core Switched
Reluctance Machine by Optimizing the Magnetic
Structure for a Specific Application: Concept,
Design, and Analysis”, IEEE, Industry Applications
Society Annual Meeting, pp. 1 — 8, (October 2008)
Afjei E., Navi B. and Ataei S.; “A New Two Phase
Configuration for Switched Reluctance Motor with
High Starting Torque”, IEEE, PED, Thailand, pp.
517 - 520, (2007)

Oh Seok-Gyu and Krishnan R., “Two-Phase SRM
With  Flux-Reversal-Free  Stator:  Concept,
Analysis, Design,and Experimental Verification”,
leee Transactions On Industry Applications, Vol. 43,
No. 5, pp. 1247 — 1257, (September/October 2007)
Pengov Wayne, Hendershot J.R. and Miller TJE, “A
New Low-Noise Two-Phase Switched Reluctance
Motor”, IEEE International Conference Electric
Machines and Drives, pp. 1281 — 1284, (May 2005)
Sun Lizhi, Yang Gang and Feng Qi; “Study on the
Rotor  Levitation of one High Speed Switched
Reluctance Motor”, IEEE Conference on Industrial
Electronics, IECON, pp. 1322, 1325, (November
2006)

Piedler, R.W. and Doncker De; “Designing Low-
Costswitched  Reluctance Drives for Fan-
Applications”, IEEE  Second International
Conference on Power Electronics, Machines and
Drives, Vol. 2, pp.758 — 762, (March/April 2004)
Radun A.; “Generating with the Switched-
Reluctance Motor”, in Proc. IEEE APEC’94, pp. 41
—47,(1994)

Mac Minn S.R. and Sember J.W., “Control of a
Switched-Reluctance Aircraft Starter-Generator
Over a Very Wide Speed Range”, in Proc.
Intersociety Energy Conversion Engineering Conf., ,
pp. 631 — 638, (1989)

Ferreira C.A., Jones S.R, Heglund W.S. and Jones
W.D.; “Detailed Design of a 30-Kw Switched
Reluctance Starter/Generator System for a Gas
Turbine Engine Application”, IEEE Transactions on
Industry Applications, Vol. 31, Issue. 3 , (May/June
1995)

Mueller M.A; “Design of Low Speed Switched
Reluctance  Machines for Wind  Energy
Converters”, Electrical Machines and Drives. Ninth
International Conference on (Conf. Publ. No. 468), ,
pp. 60 — 64, (September 1999)

Cardenas R., Ray W.F. and Asher G.M., “Switched
Reluctance  Generators for Wind Energy
Applications”, in Proc. IEEE PESC’95, pp. 559 —

[21]

Vol. 4, No. 1, March 2010

564, (1995).

Afjei E.; Mazloomnezhad B. and Seyadatan A; “A
Novel Two Phase Configuration for Switched
Reluctance Motor with High Starting Torque”, in
Proc. IEEE SPEEDOM , pp. 1049 — 1052, (June 2008)

57




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 true
  /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

  /CreateJDFFile 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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [617.760 815.760]
>> setpagedevice


