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Enhancement of instantaneous power method in the problems of
estimation of electromechanical complexes power controllability

Abstract. A power approach to estimation of electromechanical complexes controllability using instantaneous power method has been offered. It
has been determined that power controllability characterizes the quality of energy conversion processes in the system, reflects manifestation of
nonlinear properties of the object. A mathematical procedure for determination of power losses for the whole power channel of electromechanical
complex power conversion has been developed. It has been shown that formation of balance equations of separate instantaneous power
components underlies the estimation of electromechanical complexes power controllability.

Streszczenie. Zaproponowano sposéb oszacowania sterownosci zespotow elektromechanicznych przy uzyciu metody mocy chwilowej. Zostato
okreslone, ze sterowno$¢ mocy charakteryzuje jako$¢ energii w procesie jej przeksztafcania oraz przedstawia wtasnosci nieliniowe obiektu.
Rozwinieto procedure matematyczng dla okre$lenia start mocy w catym kanale mocy uktadéw elektromechanicznych. Pokazano, Ze utworzenie
réwnar réwnowagi dla sktadnikéw mocy chwilowej lezy u podfoza oszacowania sterowno$ci uktadoéw elektromechanicznych. (Uzywanie metody
mocy chwilowej w problemach oszacowania sterownos$ci mocy w ukiadach elektromechanicznych)
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Introduction

The problem of estimation of system controllability is
rather extensive; it touches upon various spheres of activity
— informational, social, technical ones, etc. One of the ways
of controllability formalization consists in singling out the
most significant practical activity sectors as possible objects
of research, as well as development and application of
formally new approaches to controllability estimation with
this point in view.

Technical sector, including mechanical,
electromechanical, hydrotransport and other types of
systems, seems to be the most investigated from the point
of view of mathematical description, theoretical research,
and scientific experiments and directly or indirectly
concerns particular features of energy conversion, control of
energy flows in the considered object.

Electromechanical systems (EMS) of various
technological complexes form a complicated power channel
of energy transfer, conversion and consumption. During the
process of functioning in the technological complex power
channel there appear different energetic conditions
quantitatively characterized by a set of electric, power and
mechanical parameters (voltage, current, power, rotational
frequency, moment) as well as technological indices
(productivity, pressure). A single parameter characterizing
any condition of an EMS of any complexity is power,
expressed in the same metric units regardless of physical
nature of the components forming parts of the expression
for its definition. Power variables (electric power,
mechanical, kinetic, hydraulic ones, etc.) provide a concrete
characteristic of the current process of energy conversion
and make it possible to estimate the efficiency of the power
channel of the electromechanical complex, its power
controllability (PC). Taking into consideration energy flow
non-unidirectionality, presence of energy storage systems
of various kinds, elements with nonlinear characteristics,
complex character of energy processes changes in time,
the problem of estimation of EMS PC deserves special
attention.

To analyze power processes in an electromechanical
complex (EMC) one usually uses active, reactive, total
(apparent), interchange and other power components
obtained using integral methods [1-3]. Such an approach is
efficient in the cases when averaging at a certain time
interval is admissible. A period of alternating voltage is
usually accepted as such averaging. Integration process
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results in a partial loss of information about real change of
the signal [4]. Thus, mathematical interpretation of total
power does not reflect real change of power processes in
time domain.

Further development of the theory of power processes
analysis led to the use of instantaneous power method [3-5]
providing the possibility to characterize power change in
time domain more completely, which makes it possible to
solve the problems of EMC power controllability. The theory
of instantaneous power operates with instantaneous values
of voltages, currents, power, which are plotted on the axes
of a spatial coordinate system.

The analysis revealed that most research based on the
elements of instantaneous power theory is devoted to the
issues of synthesis of control systems for power active
filters, controlled rectifiers in the problems of compensation
of reactive power, attenuation of current higher harmonics
etc. [5-7]. However, the problems of the analysis of power
conversion processes, determination of power controllability
of technological complexes EMS characterized by different
physical nature of considered signals, their form, periodicity,
presence of nonlinear elements, storage devices etc., drop
out of sight. In this case balance of harmonic components
of instantaneous power of supply and EMC elements is the
background for the theoretic basis of instantaneous power
method. A power approach using instantaneous power
method can be applied to direct and alternating current
circuits in static and transient regimes with periodic and
nonperiodic  signals, for various media considering
universality of the mechanism of approximation of power
condition initial components with the use of trigonometric
series.

Problem statement

Formalization of the notion of electromechanical
complexes controllability by means of the analysis of power
conversion processes in all the power channel elements on
the basis of instantaneous power components.

Research method
Each one of i -th elements of EMC is characterized by
energy regime parameters U,-(t) and Il-(t), and they are

not necessarily voltage and current, but components
describing physical process of energy conversion. Product

of these components gives power P,-(t): U;)I;(t) — the
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single parameter characterizing any regime of an EMS of
any complexity. Having determined power Pl»(t) for every
EMC element, one can make conclusion about the pattern
of power conversion in the whole system.

Henceforward, let us present instantaneous values of
voltage and current signals consisting of a number of
harmonic components:

N
U(t) =>U,, cos(th -0, ) =
n=0

(1 N N
= YU, cos(nQt)+ YU, sin(nQr),
n=0

n=0
M
I(t): 2 ma COS(mQt VY ):
m=0
(2) " "
=21 cos(mQt) + X1 sin(mQt)
m=0 m=0

where: n, m — are voltage and current harmonic numbers,
correspondingly; N, M — number of voltage and current
components; ¢, v — phase angles; Q=2nf — circular
frequency of the signal of voltage or current;
f — signal change frequency; ¢ — time of signal

change.
Then instantaneous power in the system:

N
P(t)=U()I(t)= YU, cos(nQt -, )x
n=l1
M
(3) X 1 cos(mQt—\vm)z
m=1

K K
= Pys + O Pyacos(kQi)+ Y Py sin(kQ)

k=1 k=1
where: Fyy — is instantaneous power total constant
P, - k -th

instantaneous power cosine component; F; — amplitude

component; amplitude value of the

value of the k-th instantaneous power sine component;
k — power harmonic number (k=|nim|); K — power

components number.

Analysis (3) showed that instantaneous power includes
the sum of constant and variable cosine and sine
components. It should be noted that time variable
component of power condition characterizes energy
exchange process between the network and consumer,
technological mechanism and motor. Presence of power
variable component decreases power efficiency of
conversion process and consequently results in reduction of
power system controllability, which is conditioned by the
presence of storage devices, nonlinearity, reflecting the
specific character of technological mechanism electric drive
operation.

Further transformations of expression (3) allowed one to
single out the following components groups of
instantaneous power: the first group is determined by
multiplication of single-frequency (n =m) voltage and

current components and forms constant and canonic power
components; the second group of components is

determined by the product of various-frequency (n # m)
voltage and current components and presents non-canonic
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power components. Thus, instantaneous power consists of
the sum of constant component and canonic and non-
canonic power components:

(4) P(t):PO +Pkac(t)""Pkas(t)+Pkbc(t)"’_Pkbs(t)

where: F, - instantaneous power constant component;
Pkac(t) — instantaneous power canonic order cosine

component; Py . (t) — instantaneous power canonic order

sine component; Pkas(t) — instantaneous power non-

canonic order cosine component; Py ¢ (t) — instantaneous
power non-canonic order sine component.
Research results

The main expressions reflecting power conversion
processes in EMC are presented by the equations of

instantaneous power balance of power supply Py (t) and

instantaneous power components P,-(t) on the elements of
elementary consumers included in the complex

P
Pl-S(t)= ZP,-(t), where p - index of the correspondent
i=1

elementary consumer.
With reference to a drive electric motor, it is possible to
write down:

(5) Ped(t):Bs(t)_A&ed(t)

where: P.

ls(t) — power on the motor supply terminals;

AR 4 (t) — power of motor losses.
Power on the motor shaft:

(6) Peq (t)=Meq (t)ole)
where: M, (t) =M, (t)+ M, (t) — electric motor torque;
M (t) -

Md(t):d[J(t)wz(t)]/m(t) — electric motor dynamic

dt 2

resistance static moment;

moment; (t) — instantaneous value of angular velocity of

the motor; J(t) — motor inertia moment.

Then the expression of power balance for rotating
masses with a constant inertia moment of the motor will be
of the form:

O Ral)= M, 0le) - Sl 2.

dt

For the system with a variable inertia moment:

()= M. (ole) + Sl 21 4

P
dt
N coz(t) dJ(t)
2 dt

8)

Determination of parameter AR, (t)and expression (5)

is based on formation of equations of instantaneous power
balance on the elements of electric motor equivalent circuit.
A similar result can be obtained not only for power on
the motor shaft, as it was shown above, but also for power
of technological load.
So, hydraulic power of a turbomechanism:
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(9) Pyaro mn (t) = peH (£)O(r)

where: H(r) — water head at the pump output; O(f) —
turbomechanism productivity (discharge); p — density of the
pumped  medium; g:9.8lm/c2

acceleration.
Turbomechanism consumed power:

(10) Py, ()= A3v?(0)0(r) + Byv()0* (1) + D3v3 (0)

where: 43, B3, D; — approximation coefficients determined

according to the catalog power characteristic of the pump;
v(t)z(ol-(t) (on(t) — relative rotational frequency of the

gravitational

pump impeller; ®;(¢),®,(¢) — current and nominal angular

velocities of the pump impeller.
Then, power losses in turbomechanism:

AP (6)= Pon (€)= Phyaporn )= 5 = 45 2 (1)
% 0(0)+ (B3-By M0 (1) + Dyv3 (1) - C30°()

where: 4, =pgd,; B, =pgB,; C, =pgC, .
Power losses in a pipeline system:

AP, (1)= h()0(r) - zgﬁjsz 0

(11)

(12)

2
L 9°(¢
where: Ah(t)szS—() — head losses in the pipeline;

9(t)=0(r)/S - liquid motion velocity; #(z)=m(z)/(pS)-
liquid rise piezometric head; A — hydraulic resistance
coefficient; S — pipeline cross-section area; L, D — pipeline
length and diameter, correspondingly.

In accordance with the above done analyses, Fig. 1
presents schemes of EMC energy losses allocation with
different degrees of detailed elaboration. Each of them can
be taken as the basis for research of the problem of power
controllability estimation or solution of any other problems.

Fig.1a shows a diagram of the electric part of the
system. Fig.1b shows a diagram of distribution of power
parameters directly on the motor shaft. Fig. 1c shows a
variant of energy balance diagram taking into consideration
the technological parameters of the turbomechanism and
losses in it:

0= RN )L

+APtm( )+Phydrotm (t)'

Instantaneous power effective value is a measure of
EMC power processes quality estimation, and
instantaneous power components present initial parameters
for such estimation. Taking the above said into
consideration, power effective value:

l?Pz(t)dt =
T, -
_ \/1
(14)

\/P0+ zpkac"'PkaY)z"' kK(Pkbc"'Pkbs)z

(13)

(Po+Pkac(f)+Pkas(f)+Pkbc(f)+Pkbs(f))zdf =

—~
S "3
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Fig.1. Power diagrams of EMC: Pi(t) — supply instantaneous
power; P (t) — inductance instantaneous power; Pg(t) — active
resistance instantaneous power in the power circuit; Pg(t) — motor
electromagnetic power; APy(t) — motor mechanical losses power;
P,t) — rotating masses instantaneous power; AP (t) -
turbomechanism losses instantaneous power; Phao m (f) —
hydraulic power at the turbomechanism output

Knowing effective power in ideal system P,;; (in the

absence of most typical nonlinearities) and in real system
P,, (in the presence of nonlinearities reflecting the specific

character of technological mechanism electric drive
operation), one can determine EMC PC index:

(15) kc:Peid/Per'

In this case the master control in ideal and real systems
should be equal as to the constant component amplitude as
well as the variable component amplitude and frequency. If

the system is completely controllable, k. =1; if the system

is uncontrollable, k. tends to zero.

Thus, power controllability is the most important index of
system functioning efficiency. It characterizes the object
energetic reaction to the change of controlling or disturbing
effects. Obviously, the presence of nonlinearities in the
analyzed system results in decrease of power controllability,
which is accompanied by power processes with higher
harmonics in power spectrum and increase of EMS
effective power value.

Experimental verification

To confirm the obtained results we created an
experimental hydrotransport unit laboratory complex (Fig. 2)
including two identical, as to their parameters, centrifugal
pumps with induction motors on the same shaft; a manifold
pipe network with installed shut-off-and-regulating fittings
and receiving tanks; a regulated rotary shutter with an
electric drive; frequency transformers for changing rotation
frequency of pump electric motors; a control instrumentation
(current, voltage, rotation frequency, pressure and
discharge sensors). Engineering performance of the used
equipment is shown in Tables 1, 2.

Table 1. Motor engineering performance
Parameter name Parameter value

Rated power [W] 830
Rated voltage [V] 380
Mains frequency [Hz] 50

Rotation frequency [rpm] 2900
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Table 2. Engineering performance of MNI-402 centrifugal pump

Parameter name Parameter value
Maximum discharge [m*/hour] 8
Maximum head [m] 22

Rated power [W] 550

Fig. 2. Physical configuration of the experimental hydrotransport
unit complex

The developed experimental complex embraces a
whole spectrum of research and scientific applied problems.
One of the main items comprises research of processes of
energy transformation in all the links of hydrotransport unit
presenting a complicated interconnected complex of
different, as to its physical nature, equipment:
electromechanical and hydraulic. Characteristics of
pumping units, hydrodynamic network, pipe fittings present
nonlinear dependences. Their analysis revealed that when
regulation is made by a stopcock, harmonic components of
higher orders (2, 3, 4 etc.) are present in the power
spectrum (Fig. 3).
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Fig. 3. Instantaneous hydraulic power amplitude spectra when
productivity capacity is regulated by change of rotational frequency
(a) and by a stopcock (b)

The method of pump productivity regulation by means of
a stopcock is characterized by power nonproductive losses
at the pipeline valves actuator. Obviously, the use of the
regulated electric drive device in a hydrotransport unit
results in improvement of power controllability of the
considered system as compared with regulation of
technological parameters by a stopcock. As decrease of
hydrotransport complex EMS PC is accompanied by power

processes with the high harmonic in power spectra, in order
to change the amplitudes of these components, it is
necessary to form control and master actions of a certain
kind by using existing or created techniques of both the
electric drive itself and the elements of communication
network.

Conclusions

It is shown that analysis of the processes of power
conversion in all the links of power channel, using
instantaneous power components, underlies the estimation
of electromechanical complex controllability. Presence of a
nonlinear element in the electromechanical system results
in appearance of higher harmonics in power amplitude
spectrum and is accompanied by increase of the system
effective power. Power controllability is the most important
system functioning efficiency index characterizing energetic
reaction of the considered object to manifestation of
nonlinear properties or processes in it. Power controllability
index depends on the change of controlling and disturbing
effects in the system. Universality of the offered approach
has been proved. It consists in the possibility of the analysis
of power processes in both electric and other systems:
mechanic, electromechanical, hydraulic, etc., where initial
signals, forming instantaneous power, may be of a
complicated character (periodic and nonperiodic).

REFERENCES

[1] V. E. Tonkal, A.V. Novoseltsev, S. P. Denisiuk et al., Energy
Balance in Power Circuits, Kiev: Naukova Dumka, 1992, pp.
57-69 (in Russian).

[2] G. S. Zinoviev, Fundamentals of power electronics, NSTU,
Novosibirsk, 2003, pp. 71-186 (in Russian).

[3] A. F. Krogeris, K. K. Rashevits, E. T. Treimanis, Y. K. Shinka.
Power of alternating current. Riga: Physical Power Institute of
Latvian Academy of Sciences, 1993. — 294 p. (in Russian).

[4] D. I. Rod’kin, Resolving the power of polyharmonic signals into
components, Russian Electrical Engineering, 2003, no. 74 (3),
pp. 39-44.

[5] H. Akagi, E.H. Watanabe, M. Aredes, Instantaneous Power
Theory and Applications to Power Conditioning, New York:
Wiley, 2007. pp. 41-217.

[6] R. S. Herrera, P. Salmeryn, H. Kim, Application of
instantaneous power theory to the problems of compensation
with the help of active filters: various approaches, calculations
and experimental results, IEEE Trans. on Industrial Electronics,
vol. 55, no. 1, 2008, pp. 184-196.

[7] V. Soares, P. Verdelho, G. D. Marques, An instantaneous
active and reactive current component method for active filters,
IEEE Trans. Power Electronics, vol. 15, 2000, pp. 660-669.

Authors: Rector of Kremenchuk Mykhailo Ostrohradskyi National
University and the Chairman and the Professor of Electric
Machines Department Mykhailo Zagirnyak, Pervomayskaya str. 20,
Kremenchuk, Ukraine, 39600, E-mail: mzagirn@kdu.edu.ua;
Chairman and the Professor of Electric Drive and Control Systems
Department of Kremenchuk Mpykhailo Ostrohradskyi National
University Dmytryi Rodkin, Pervomayskaya str. 20, Kremenchuk,
Ukraine, 39600, E-mail: saue@kdu.edu.ua; Associate Professor of
Electric Drive and Control Systems Department of Kremenchuk
Mykhailo Ostrohradskyi National University Tetyana Korenkova,
Pervomayskaya str. 20, Kremenchuk, Ukraine, 39600, E-mail:
scenter@kdu.edu.ua.

PRZEGLAD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 87 NR 12b/2011 211




<<
  /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 [612.000 792.000]
>> setpagedevice


