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POSITION AND SPEED CONTROL OF ELECTROMECHANICAL ACTUATOR
FOR AEROSPACE APPLICATIONS

Ivana Todié, Marko Milos, Mirko Pavisi¢

Original scientific paper
Main focus of this paper is control of electromechanical actuator (EMA) for aerospace applications. Control of EMA done using position regulator and
control which combine position and speed regulator is shown. The main guideline is to decrease power losses, heating and current consumption in the
system. One of the important areas within the field of variable speed motor drives are the system’s operational boundaries. Presently, the operational
boundaries of variable speed motor drives are set based on the operational boundaries of single speed motors, i.e. by limiting current and power to rated
values. This results in under-utilization of the system, and places the motor at risk of excessive power losses. In this paper, the first part represents general
concept of electromechanical actuators and mathematical modelling of the system; then the control of position and speed of electromechanical actuator
(EMA) by using PID controller is presented. The second part shows simulations of our own design of control speed and position by PID controller using
SIMULINK and MATLAB software.
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Upravljanje polozajem i brzinom elektromehanickog aktuatora (EMA) za primjene u zracnom prostoru

Izvori znanstveni ¢lanak
Teziste ovog rada je upravljanje elektromehani¢kim aktuatorom (EMA) za primjene u zraénom prostoru. Upravljanje EMA je ostvareno uporabom
pozicijskog regulatora i upravljanja koje kombinira polozaj i brzinu regulatora. Osnovna smjernica bila je smanjenje gubitaka snage, zagrijavanja i
potrosnje struje u sustavu. Jedno od vaznih podrucja u okviru pogona promjenljivim brzinama motora su operativne granice sustava. Danas se operativne
granice pogona s promjenljivim brzinama motora postavljaju na osnovu operativnih granica pogona na bazi prosje¢nih vrijednosti, npr. ograni¢enjima
struje 1 snage na preporucene vrijednosti. To dovodi do nedovoljne iskoriStenosti sustava i velikih gubitaka korisne snage. U ovom radu, u prvom dijelu je
predstavljen osnovni koncept elektromehani¢kog aktuatora (EMA) i njegov matemati¢ki model, zatim je prikazano upravljanje polozajem i brzinom
elektromehanickog actuatora uporabom PID regulatora. U drugom dijelu usporedo se daje prikaz simulacija vlastite konstrukcije upravljanja polozajem i
brzinom pomocu PID regulatora, uporabom SIMULINK-a u MATLAB-u.

Kljucne rijeci: DC motor bez Cetkica, elektromehanicki aktuator (EMA), PID regulator, pozicijsko upravijanje, brzinsko upravljanje, simulacije

1 Introduction operational boundaries of single speed motor drives, i.e.

by limiting current and power to rated values.

In reference to the literature ([1, 2] and many others
not cited here), for the better part of 20" century most
motion control systems were designed to operate at a
fixed speed.

Many existing systems still operate based on a speed
determined by the frequency of the power grid. However,
the most efficient operating speed for many applications,
such as fans, blowers and centrifugal pumps, is different
from that enforced by the grid frequency. Also, many
high performance applications, such as robots, machine
tools and the hybrid vehicle, require variable speed
operation to begin with. As a result, a major transition
from single speed systems to variable speed systems is in
progress.

The transition from single speed drives to variable
speed drives has been in effect since the 1970s when
movements towards conservation of energy and
protection of the environment were initiated. About
seventy percent of all electrical energy is converted into
mechanical energy by motors in the industrialized world.

This may be the most important factor behind today’s
high demand for more efficient motion control systems. A
large body of research is available on variable speed
drives due to the significant industrial and commercial
interest in such systems.

However, some areas of importance merit further
investigation. One such area is the operational boundary
of motor drives. The operational boundaries of variable
speed motor drives are being incorrectly set based on the

The operational boundary of any motor drive must be
set based on the maximum possible power loss vs. speed
profile for the given motor.

Also, all control strategies for a machine must be
analysed and compared based on such an operational
boundary [3].

2  General concept and mathematical model of EMA

Linear actuator is a device that applies force in a
linear manner, as opposed to rotationally like an electric
motor. Electro-mechanical actuators are similar to
mechanical actuators except that the control knob or
handle is replaced with an electric motor. Rotary motion
of the motor is converted to linear displacement of the
actuator.

The main equation used to describe -electro-
mechanical actuator is based on Euler equation and
Faraday’s law:

do,
dt

J

=T,-T,-F-a,. (1)

The angular position may be obtained by integration
of the angular velocity:

0, = [o,dr )
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Now we need to introduce equations to describe
relationship between current, voltage, and beck
electromotive force and rotor velocity [4, 5]. Next
equations are expressed in the phase reference frame
(ABC frame):

LS

‘Z: +R, i, = %[2%}, Ve + P A0, (<20 4@+ )]
qui-i- R
S odt

di_(di,  di
dr dr dt )

Generated electromagnetic torque is given by:

'ib :é[_ Vab T Ve +p'ﬂ"a)r(@,a_2¢,b+¢,c)]7 (3)

Te:p'l'(djra'ia+Cp,b'ib+¢'c'ic)’ (4)

where [6, 7]:
- sinusoidal flux distribution

2

A=K, -——, 5
“3, (5)

- trapezoidal flux distribution

- (6)

DC motor which was under our consideration has
trapezoidal flux distribution. The following equations will
be used for calculation of electromotive force:

o, =

a

trap ’
C, = f(cos@e),

cosé,; —trap <cosé, <trap
f (cos 0, ) = ,
sgn(cosﬁe)trap; |cos9e| > trap
(| fat
trap = sini
2 b

where:

Load torque is calculated as sum of coulomb friction
of motor, load torque and coulomb and viscous friction in
gearbox:

T, =Ty +T +Ty +T,,. (10)

All those equations are implemented in SIMULINK
model to simulate electromechanical actuator system.

3 Control of EMA

Usually pulse-width modulation circuit is used for
control of DC brushless motor in EMA applications. The
pulse-width modulation signals are generated according to
polarity and intensity of input signals. The bridge power
driving circuit applies different voltages to two ends of
the motor according to the input signal to rotate the motor
shaft in different directions. Input signal in pulse-width
modulation circuit is the result of PID control of desired
signal (position/deflection or desired speed). We will
compare control of EMA based on position controller and
combined controller which simultaneously control
position and speed.

3.1 Position controller and dynamic characteristics

The main guideline of control of DC brushless motor
(as a major part of EMA) is to control its input current.
For calculation of suitable PID position controller we will
need to determine transfer function of EMA system [ref.
Chapter 4 of this paper].

It will be assumed that DC brushless motor can be
presented by equivalent electric circuit [8, 9, 10] (Fig 1).

R A
\o mA—

vy Ia TOoM  Va=“MKty
«,, = motor speed in rad/sec

Figure 1 Schematic of motor model presented by equivalent electric
circuit

where:
flat — back EMF flat area [degrees]. We can use
sinusoidal flux distribution if we set flat =0 . C. < J
Electrical angle is: M K>’ (1
0.=p-0, (®) J — Total inertia, inertia of motor and its load, kg:m”
@', = Gy K,— Torque constant, (N-m)/A
b trap’ G — Gearbox ratio
- R4 — Resistance in phase A, Q
C,=f {cos(@e ——ﬂ, L, — Inductance in phase A, H
3 9) I, — Current in phase A, A
@ = C Va — Back EMF in phase A, V
" trap’ V, — Power supply, V.
C. = f{cos{& +2_nﬂ The transfer function for the motor:
c e 3
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1
0=—0,
G-s
CU'K‘}:V:L,
C-s
e 1 K (12)
I K, Cs g J J-s
a.F.S
0 K,
=>Hy,(s)=—= >
I J.G-s

The transfers function for PID regulator:

K +K,-s+K,-s*

Hpp(s) =4, - (13)
A
G PID 4>I>—,> M SE)
The In - - The Out
S-Function PID K S-Function Motor

Figure 2 Block diagram of DC brushless motor and position PID
regulator

The transfer function for the actuator system can be
written as [11]:

Hpip(s)-Hy(s)

H(s)= ; (14)
1+ Hpp (s)-Hy (s)
K
%~sz+?p-s+l
H(s)=—— : K e . (15)
= L SR |
K, 4K, K K, K,

Using MATLAB calculation we can obtain H(s) of
our electromechanical actuator system:

~ 0,5418-52 +72,24-5+36,12
0,005787 -5 +0,5418-5> +72,24-5+36,12

H(s) (16)

Bode Ciagram

Magnitude (dB)
S

A5l

Phase (deg)

-90

135 beas
10

Frequency (radisec)

Figure 3 Bode diagram of position controller

3.2 Combined regulator, position and speed controller

The main guideline is to impose some additional
control on the same system. Position PID regulator will
stay unchanged. Imposed component is output signal from
the speed controller. Speed controller will take effect on
the whole system like additional differential component
so coefficients in speed controller need to be the same
order like differential component in position controller.

Kt

)

"G5 out speed

PID Controller Maotor

Figure 4 Block diagram of DC brushless motor and speed PID regulator

The general transfer function for PID regulator and
position controller is:

0 K
Hy(s)=—=—9%—, 17
Ms() ] J-G~S2 ( )
K;+K,-s+K,-s*
Hopypy(s) = 4y - z 4, (18)

N

H_(s) = Hpip(s)-Hy (s)
’ 1+HP1D(S)'HM(S).

(19)

Using MATLAB calculation we can obtain H(s) of
our electromechanical actuator system:

4,515x107 .52 +1,129-5+0,7224

H(s) =
0,005832-5% +1129-5+0,7224

(20)

Bode Ciagram

Magnitude (dB)

Fhase (deg)

10° 10
Frequency (radfsec)

Figure 5 Bode diagram of speed controller

in angle

out angle

FID Controller

Derivative  Filter -

FID Controller!

Figure 6 Block diagram of DC brushless motor and combined position
and speed regulator
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Model of EMA used in simulations is presented in
Fig. 7. Main parts are: Object /Fin (1), Lever mechanism
(2), Planetary roller screw (3), Gearhead (4) and DC
brushless motor (5).

Controller consists of driver and DSP.

Combined regulator will be based on sum of
responses of both position and speed regulators.

4 Model of EMA

Figure 7 Rough schematic of EMA used in the simulations (., M, — Rated speed and torque of motor, n,, M,— Rated speed and torque of planetary roller
screw, L, — Lever arm length, S,— Lead, D,— Nominal diameter, Ji— Inertia of control surface, 6c— Deflection of control surface, M.x— Maximum
output torque)

Simulation results on input signal 0,1 deg 6 Hz used
to compare small signal bandwidth of both systems (Fig.

5 Results

In this paper, SIMULINK is used for design of PID
controller for both position and velocity controller of
EMA and for modelling of EMA system.

To illustrate the above mentioned, several series of
results follow as well as Simulink schematic of electro-
mechanical system (Fig. 8).

9 to Fig. 12). Simulation results on input signal 6 deg 3
Hz used to compare response of both systems on
maximum requirements (Fig. 13 to Fig. 16). Simulation
results on two different input signals based on guidance
algorithm and autopilot, used to compare response of both
system in realistic conditions (Fig. 17 to Fig. 20).

Brushless DC motor fed by six step inverter Discrate,
Gates Decoder Ts =5e-005=.
Hall
Gates emf_abc |4} mf_sbc
RL |t
r — @ Tm
Desired angle - - o
Alp—r— 5 A4
cument from batery + |o———=a | Vdd
B |g—t———=s B+
|-n GND sl ol st
Cle4—=|C+
one sqrd_3Hz_kd.mat
hall Ta File
I_Limit (s _in =_out #I ‘
+—={ D_angle —’I
teta = I
w
| A_anghe e
R_LHe{s_in1 = outl Gear
i W
TE W L
FID Samnpler
Regulator =
E

HTa

¥

Figure 8 SIMULINK schematic of EMA

856

Technical Gazette 20, 5(2013), 853-860



|. Todic et al. Upravljanje polozajem i brzinom elektromehanickog aktuatora (EMA) za primjene u zraénom prostoru

0.15 T T I T T T T
desired angle
01 ] angle response (position PID + speed PID) ||
\ angle response (position PID)
0.05 .
F
ke
E 0 fl ” H
jo2}
o
©
- I I I I
-0.1 / \ V D w } V
1

1 1.2 1.4 1.6 1.8 2 22 24 26 28 3
t[s]
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T T | I | T T T
10 1 Angular speed (position PID + speed PID)
Angular speed (position PID)
2 5
o
()
k=2
3 |
! | | A L 1 i I A
2o M A N
8
3
2
< -5F 1
-10F ' ! ! I d
1
1 1.2 1.4 16 1.8 2 22 24 26 28 3
t[s]

Figure 10 Angular speed of position controller and combined position + speed controller
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Figure 11 Current consumption from battery in case of position controller combined position + speed controller
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Figure 12 Heating in DC brushless motor in case of position controller and combined position + speed controller
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6 Conclusions

Having in mind obtained results, one can conclude
that:

e Small signal bandwidth of both types of regulation
will be the same but response of combined regulator
will be smoother;

e On maximum requirements, combined regulation can
produce more overshoot, but in aerospace application
that type of signal will never be used in real situation;

e Combined regulation generates less noise for lower
level of errors;

e Results show that by using combined controller we
can reduce current consumption from battery. That
will have as a benefit less heating in the system and
possibility of longer flight for the same power supply
in one system;

e Control alternation (change of type of control) could
be done in software code — no hardware change
needed.

7 References

[1] Cowan, J. R.; Myers, W. N. Design of High Power
Electromechanical Actuator for Thrust Vector Control //
27th Joint Propulsion Conference / Sacramento, CA,
U.S.A., 1991, ATAA 91-1849.

[2] Weir, R.A;; Cowan, J.R. Development and Test of
Electromechanical Actuators for Thrust Vector Control //
29th Joint Propulsion Conference / Monterey, CA, U.S.A.,
1993, AIAA 93-2458.

[3] Marinkovi¢, Z.; Marinkovié, D.; Petrovi¢, G.; Mili¢, P.
Modelling and Simulation of Dynamic Behaviour of
Electric Motor Driven Mechanisms. // Tehnicki vjesnik-
Techical Gazette. 19, 4(2012), pp. 717-725.

[4] Grenier, D.; Dessaint, L. A.; Akhrif, O.; Bonnassieux, Y.;
LePioufle, B. Experimental Nonlinear Torque Control of a
Permanent-Magnet Synchronous Motor Using Saliency. //
IEEE Transactions on Automatic Control. 44, 5(1997), pp.
680-687.

[5] Trounce, J. C.; Round, S. D.; Duke, R. M. Evaluation of
Direct Torque Control using Space Vector Modulation for
Electric Vehicle Applications. University of Canterbury,
New Zealand, 2001.

[6] Chiasson, J. IEEE Press Series on Power Engineering:
Modeling and High-Performance Control of Electric
Machines, Wiley-IEEE Press, New York, USA, 2005.

[7] Hansellman, D. C. Brushless Permanent Magnet Motor
Design, McGraw-Hill, 1994.

[8] McClure, M. A Simplified Approach to DC Motor
Modeling for Dynamic Stability Analysis. // Application
Report SLUA076, Texas Instruments, USA, 2000.

[9] Schinstock, D. E.; Haskew, T. A. Identification of
Continuous-Time, Linear, and Nonlinear Models of an
Electromechanical Actuator. // Journal of Propulsion and
Power. 13, 5(1997), pp. 683-691.

[10] Schinstock, D. E.; Scott, D. A.; Haskew, T. A. Modeling
and Estimation for Electromechanical Thrust Vector
Control of Rocket Engines. / Journal of Propulsion and
Power. 14, 4(1998), pp. 440-447.

[11]Khan, M. A.; Todi¢, I.; Milos, M.; Stefanovi¢, Z.;
Blagojevi¢, Dj. Control of Electro-Mechanical Actuator for
Aerospace Applications. // Strojarstvo. 52, 3(2010), pp.
303-313.

Authors' addresses

M.Sc. Ivana Todié, Assistant Lecturer

University of Belgrade, Faculty of Mechanical Engineering
Kraljice Marije 16, 11000 Belgrade, Serbia

E-mail: ivana.todic@gmail.com

Dr Marko Milos, Associate Professor

University of Belgrade, Faculty of Mechanical Engineering
Kraljice Marije 16, 11000 Belgrade, Serbia

E-mail: mmilos@mas.bg.ac.rs

Dr Mirko Pavisi¢, Associate Professor

University of Belgrade, Faculty of Mechanical Engineering
Kraljice Marije 16, 11000 Belgrade, Serbia

E-mail: mpavisic@mas.bg.ac.rs

860

Technical Gazette 20, 5(2013), 853-860




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



