www.czasopisma.pan.pl P N www.journals.pan.pl

ARCHIVES OF ELECTRICAL ENGINEERING VOL. 62(3), pp. 473-486 (2013)
DOI 10.2478/aee-2013-0038

Analysis of instantaneous power components
of electric circuit with a semiconductor element’

M. ZAGIRNYAK, A. KALINOV, M. MALIAKOVA

Institute of Electromechanics, Energy Saving and Control Systems
Kremenchuk Mykhailo Ostrohradskyi National University
20, Pershotravneva Street, Kremenchuk, Ukraine

e-mail: mzagirn@kdu.edu.ua/scenter@kdu.edu.ua, marry 88@mail.ru
(Received: 26.06.2012, revised: 14.12.2012)

Abstract: Both a classical instantaneous power method and a method based on equations
of instantaneous power orthogonal components balance have been used to analyze power
processes in electric circuits with semiconductor elements. Automated method of form-
ing instantaneous power harmonic components was used to obtain analytical expressions
and numerical values of instantaneous power components of analyzed electric circuits.
A coefficient for estimation of a semiconductor converter nonlinearity degree has been
offered.
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1. Introduction

Nowadays semiconductor elements are an inseparable part of electric devices and systems.
During the design and operation of semiconductor converters the determination of their energy
indices is very important. Researchers often use the notion “apparent power” calculated by the
product of current Iy and voltage Ugys root-mean-square (RMS) values [1-2]:

S = TrusU rus - 0]

According to the existing methods of the analysis of power processes in circuits with non-
sinusoidal currents and voltages, apparent power S includes three components: active power
Py, reactive power or shift power Q and distortion power D [2-8]:

S=yP}+0*+D?, @)

" This is extended version of a paper which was presented at the 22th Symposium on Electromagnetic
Phenomena in Nonlinear Circuits, Pula, Croatia, 26.06-29.06 2012.
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K 2 K 2
S = [Z ng] + (Z Qk] +D?, 3)

where:

K
[z Py k) — sum of active power components,
k=0

K
(z 0 k] — sum of reactive power components,
k=1

D* — distortion power squared, kK — power harmonic number, K — number of the analyzed po-
wer harmonics.

General notions and calculation expressions for apparent power and its components are
shown in a number of papers [1-10].

Existing theories make it possible to estimate the values of active, reactive power, as well
as distortion power. However, researchers still consider it expedient to pay attention to more
precise analysis of the processes taking place in circuits with semiconductor converters, which
are elements with explicit nonlinearity [11-16]. It is caused by the fact that the existing
integral method [2-3] of power process analysis does not allow one to fully discover energy
conversion regularities peculiar to systems with semiconductor elements.

2. Problem statement

The purpose is to refine the calculating method of the nonlinear electric circuits by taking
into account the power components on the semiconductor elements.

3. Materials and research results

Analysis of an electric circuit with a diode

It was proposed in paper [14] to use instantaneous power (IP) method for the analysis of
systems with semiconductor elements. In the present paper this approach was applied for the
analysis of the balance of IP components of an electric circuit with an ideal diode connected in
series with active resistance (Fig. 1).

Equations of balance of IP orthogonal components were formed by automated algorithm of
IP components formation [17].

A polynomial function connecting diode output Uc and input Us voltages was selected as
an approximating function of an ideal diode nonlinear characteristics.

UC(US):a0+a1US +a2U§+...+anU§, (4)

where ay, a,, @y, a, — polynomial coefficients.
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In the course of the research a number of polynomials of different degrees were analyzed
(Fig. 3) and corresponding coefficients for the presented polynomials were obtained: for the
third degree ao = 1.054-10"", a; =5.757-10"", 4, = 4.252-10"", a3 = -1.225-10""; for the sixth
degree ap=6.314-10"%, a; =5.155-10"", 4, =7.597-10"", a3 = -9.727-10 %, ay, = -3.525-10"",
as=9.662-10"% ag = 2.791-10"2, and for the tenth degree ao = 2.441-107, a; = 5.000-10°",
a,=1.886, a3 =-6.925-10"", a; = -6.536, as =2.562- 10", = 1.356-10', a; = -3.482-107"",

ag=-1.322-10', ag=1.564-10""", a, = 4.789.
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Fig. 2. Approximation of ideal diode nonlinear
11 characteristics by polynomials of the third (a),
=1 sixth (b) and tenth (c) degrees, where a nonlinear
05 < characteristics of an ideal diode is shown by
-~ a dotted line, approximation dependence is
1 -0.5 ) T 05 1 Us.ru. shown by a solid line
o

To form a n-th power polynomial (4) and IP components at the diode output it is necessary
to perform the following actions according to the algorithm of forming IP harmonic compo-

nents on the diode (Fig. 3) [17]:
« arrays Ug, and Uy, of real and imaginary, respectively, orthogonal components of supply

voltage are assigned;
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Fig. 3. Algorithm of forming harmonic components of IP of the analyzed electric circuit with a diode

 approximation polynomial degree is assigned and on the basis of the assigned above arrays
of input voltage Us their n-th degrees arrays are formed using the discrete convolution
algorithm;
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« the obtained arrays of input voltage Us n-th degrees are multiplied by polynomial corres-
ponding coefficients and U, and Ug, — real and imaginary, respectively, voltage harmonic
components at diode output are determined;

e current harmonic components /¢, /¢, are found by multiplying corresponding voltage com-
ponents Ug,, U, at diode output by 1/R;

[P imaginary components of a nonlinear circuit with a diode are determined by multiplying
the obtained arrays Uc,, Uc, and I¢,, I, respectively.

Analysis of IP components of the considered circuit is shown as an example. To make the
analytical expressions shorter the third degree of polynomial (4) was accepted, and input vol-
tage was presented by a real component of the first harmonic Us = Ug, (Tab. 1). Diode
reverse voltage was calculated as: Uyp, = Us,1 — Uc,.

Table 1. Harmonic composition of voltages and current in the analyzed circuit with a diode

Input voltage Ug, in the circuit U .52‘a U ;a
1.2 0
0 3 U, 1
—U
Ua 0 5 Zal
0 1.2 0
=U
0 P 1 U3
1
0 0 4 ¢
0 0
0
0 0 0
0 0

Diode voltage

Voltage Ug, at diode output
(consumer’s voltage)

Consumer’s current I,

UVDa = USa B UCa

1 1 1
ao +Ea2U51 ap +Ea2U§1 —aop —Easzl
1 1 1
aoU a1 +5a3U21 alU g +5a3U21 Uag —a1Uga —3a3U21
E”zUal EagUal i _EazUal
1 3 1 3 R 1 3
Za3Ua1 Za3Ual _Za3Ua1
0 0 0
0 0 0
0 0 0

Composition of IP elements of the considered electric circuit with a diode was determined
analytically in accordance with the given data (Tab. 1):

Proa(t) = psa(t)— pea(?),
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1 3 1 1 1
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where pyp, (1), psa(t), pca(t), — IP at diode, power supply and load, respectively.

The above mentioned analytical expressions for the balance of IP orthogonal components
of the analyzed electric circuit with a diode show that it is necessary to take into account IP
components, even at an ideal diode, when IP balance equations are formed. When the spectral
analysis of voltage and current is performed, current and voltage harmonic components, in-
cluding constant component, will occur at the ideal diode. It results in the presence of IP cor-

responding components during the analytical analysis of the equations.

The calculated parameters of the analyzed circuit (Fig. 1) were compared with the values
obtained by calculation of a mathematical model created in Matlab environment. In this case

values of active resistance R = 1 Ohm and input voltage Us,; =1 V were accepted.

Root-mean-square values Aigys and Apprys of current and power signal errors, respec-
tively, as well as comparison of the degree of coinciding the curves obtained using the Matlab
model and calculated ones (Fig. 4), as to determination coefficient R* and root-mean-square
deviation (RSD), were accepted as the criteria for estimating the accuracy of calculation of the

electric circuit with a diode (Tab. 2).

In Figure 4 dotted lines present the curves created according to the obtained by analytical
expressions (Tab. 1) and (5); solid lines present the curves created by the values, obtained as

a result of mathematical modeling of the analyzed electric circuit in Matlab.
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Fig. 4. Curves of diode input voltage (a), diode reverse voltage (b), circuit current (c), load power
(d) when diode nonlinear characteristics is presented by a polynomial of the tenth degree

It is evident from Table 2 that as approximation accuracy improves the degree of coincid-
ing of the curves created according to the results of mathematical modeling of the analyzed
electric circuit in Matlab and the proposed analytical method increases.

Table 2. Estimation of the accuracy of calculating current components in the circuit and IP where diode
nonlinear characteristics is presented by a polynomial of the third, sixth and tenth degrees

Polynomial of the third degree
Airms, % Aprus, %
15.575 16.635
RMD R RMD R
55.068 0.815 49.036 0.803
Polynomial of the sixth degree
Airps, % Aprus, %
15.226 2.304
RMD R’ RMD R’
29.307 0.901 0.915 0.996
Polynomial of the tenth degree
Aigps, % Aprms, %
1.678 2.079
RMD R RMD R
3.461 0.988 0.426 0.998

To estimate the values of diode IP harmonic components at different degrees of approxi-
mating function (third, sixth and tenth) they were correlated with power supply IP value that
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was accepted as the basic one. During the research IP constant components Pgyp, Pys and their
root-mean-square values

10 10
3 o |35 7%
k=0 k=0

on the diode and power supply, respectively, were analyzed (Tab. 3).

Table 3 illustrates that constant component is the most ponderous diode IP component.
This fact can be explained by the following. The biggest errors of approximation can be seen
in the domain of small values of input voltage (Fig. 2). Due to this error, even at zero value of
input voltage uc(¢), initial voltage will be equal to AU¢. This value decreases as the order of

approximating function grows as in the case with the values of diode IP constant component
(Tab. 2).

Table 3. Numerical evaluation of IP components on the diode

10 10
The degree of approximating 2 2
polynomial function Povo/Pos z Pap ! z Fes
k=0 k=0
The third degree 0.571 0.443
The sixth degree 0.077 0.066
The tenth degree 0.046 0.039

Thus, the higher the degree of approximating function of diode nonlinear characteristics is
the smaller the numerical value of the calculated harmonic components of IP at an ideal diode is.

Analysis of electric power with thyristors

Numerical evaluation of apparent power components of an elementary circuit consisting of
an idealized thyristor active resistance connected in series was also done. This circuit is shown
below (Fig. 5). It was assumed that the circuit is supplied by a sinusoidal voltage source. Un-
der such conditions, in case when control angle a = 0, the thyristor can be regarded as a diode.

Vs ic(t)
o [
L~
uys(t)
us(t) uc(t) R Fig. 5. Analyzed electric circuit with a thyristor

As thyristor nonlinear characteristics is difficult to approximate even if the value of control
angle is fixed, the way of analysis of the numerical modeling results was chosen for this re-
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search. Only ponderous voltage and current harmonics of the analyzed circuit were taken into
account. These harmonics were obtained through computation of the given electric circuit
mathematical model in Matlab environment.

Automated method of forming IP harmonic components [17] was used to obtain analytical
expressions and numerical values of IP components at power supply, thyristor and active re-
sistance. Balance equations for orthogonal components of IP of the analyzed circuit were
formed and numerical values of power characteristics at different angles of thyristor control
were analyzed. The obtained data are shown in Tables 4-6.

Table 4. Values of parameters obtained at the power supply

Parameter values at different control angles a
Parameter name
30° 70° 90° 130°
Py 0.375 0.279 0.198 0.047
S 0.537 0.457 0.383 0.18
(0] -0.028 —0.106 -0.122 -0.072
D 0.383 0.346 0.304 0.158
s? 0.288 0.209 0.146 0.032
Py /s? 0.488 0.371 0.268 0.067
03/s? 0.278 0.054 0.101 0.16
D%/s? 0.509 0.575 0.631 0.773
Prus 0.666 0.575 0.454 0.14
PI%MS 0.444 0.331 0.206 0.02
2 p2
Py ! Pryss 0.317 0.235 0.191 0.112
2, p2
Pi ! Phys 0.681 0.649 0.394 0.397
2, p2 -3
P/ Phuys 1.87-10 0.115 0.416 0.491

The following designations are used in Tables 4-6: P, — active power; S — apparent power;
QO — reactive power; D — distortion power; Pgys — IP RMS value; P, — IP real component; P;, —
IP imaginary component.

IP components numerical calculation using automated algorithm [17] demonstrated that
the difference of the corresponding components and integral characteristics of IP at the power
supply (Tab. 4) and the load (Tab. 5) can be explained by the presence of IP components at the
thyristor (Tab. 6). It should be noted that in this case the quadratic-value balances of RMS
power, apparent power and distortion power, correspondingly, coincide.
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Table 5. Values of parameters obtained at the load

Parameter name

Parameter values at different control angles a

30° 70° 90° 130°
Py 0.372 0.265 0.183 0.038
S 0.374 0.272 0.192 0.042
0 0 0 0 0
D 0.039 0.059 0.053 0.019
52 0.14 0.074 0.036 1.77-10°
Py /S? 0.989 0.952 0.923 0.801
03 /82 0 0 0 0
D2/s? 0.011 0.048 0.077 0.199
Prus 0.669 0.568 0.441 0.107
2
Piys 0.448 0.323 0.195 0.011
2 2
P}/ Ppys 0.31 0.218 0.172 0.124
Pi | Piys 0.685 0.606 0.355 0.383
2 2 -3
P}/ Payss 5.598-10 0.176 0.473 0.493
Table 6. Values of parameters obtained at the thyristor
Parameter values at different control angles a
Parameter name
30° 70° 90° 130°
Py 2.44-10° 0.013 0.015 9.02-10°
S 0.383 0.363 0.328 0.174
0 —0.028 -0.106 -0.122 —-0.072
D 0.382 0.347 0.304 0.158
s? 0.147 0.131 0.107 0.03
Py /s? 4.06-10° 1.35-10° 2.07-10° 2.69-10°
03 /8? 5.43-10° 0.085 0.138 0.178
D2/5? 0.995 0.913 0.86 0.826
Prus 0.035 0.099 0.108 0.068
2 -3 -3 3
Piys 1.23-10 9.87-10 0.012 4.6:10
2 2 -3
Py Prys 4.85-10 0.018 0.019 0.018
2 2
Pi | Pyys 0.409 0.43 0.821 0.618
2 2
P}/ PRy 0.587 0.055 0.16 0.365
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Each value is given for the source (S), load (C) and thyristor (VS):

2 2 2
Pruss = Prusc + Prusvs» (6)
S§ =S +Sps, %)
D§ = D¢ + D, @®)

Reactive power balance also coincides:
Os =0 +0Oys. )

As the accuracy of numerical calculation improves, the values of semiconductor element
active power tend to zero. Any improvement of computation accuracy does not result in zero
values of IP orthogonal components.

ivs(t), A

05

0.18 0.185 0.19 0.195 02ts

uys(t), V

Fig. 6. Thyristor current, voltage and IP curves t
when control angle equals 70° .18 0. 0.19 0.195

02ts

pvs(t), VA

0.19

Restoration of IP curve p, () on the semiconductor element (Fig. 6) in the time domain
reflects a considerable burst corresponding to steep edge of current i,(¢) and voltage wu,(f)
during thyristor switching. When the number of the analyzed current and voltage harmonics is
increased, IP at nonlinear element approaches its true form — zero value during the whole
period. L.e. IP orthogonal components are mutually compensated at the nonlinear element in
time domain.
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When integral estimation of IP on nonlinear element is made using power components
RMS values, there is no mutual compensation.

Thyristor voltage-current characteristics will have a different form at different control
angles. So, when a control angle is changed, the degree of thyristor nonlinearity also changes.
Active power balance equation can be used to estimate the nonlinearity degree:

K
Pys :ZPOC’“ (10)
k=0

where Pys; — power supply active power; Pyc; — k-th components of load active power.
If balance equations are presented through voltage and current orthogonal components, the
following expression is obtained:

K
(Uasilat +Upsilpr )/ 2 =Uply +| Uacilat + Upcilp +Z(UaCkIak +Upcrlpe) |12, (1)
k=

or

K
[(Uast —Uact)la1 +(Ussi —Usc1 ) ]/ 2 = Uply +Z(UaCk1ak +Upcrlpi )/ 2. (12)
=2

This expression can be interpreted in the following way: the level of active power com-
ponents from voltage and current non-fundamental harmonic depends on distortion of voltage
fundamental harmonic at semiconductor element output. Harmonic, the number of which coin-
cides with the number of ideal supply circuit voltage harmonic, is a fundamental harmonic.
So, the relation of the active component of load fundamental harmonic to active power com-
ponent of this harmonic on the power supply can be used as a coefficient of semiconductor
converter nonlinearity:

kn = Poc1/ Posi. (13)

For linear element k,; = 1, for an absolutely nonlinear one &,; = 0. A semiconductor con-
verter with no output mains-frequency current or voltage components is understood to be an
absolutely nonlinear element.

Calculation £, for a circuit with a thyrisor (Fig. 5) is shown in Table 7.

Table 7. Nonlinear coefficient value at different control angles
Control angle a 0° 30° 70° 90° 130°
ko 0.5 0.491 0.414 | 0.355 0.205

For control angle o = 0, which corresponds to the circuit with a diode the £ = 0.5 (Fig. 1),
where one half-cycle of supply mains voltage at diode output is cut off.
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4. Conclusion

1) It is proved, that the balance of the instantaneous power components for the circuit with
the semiconductor element coincides only if instantaneous power components on this
element are taken into account, even if this element represented as an ideal one. It gives the
opportunity to investigate active, reactive, apparent powers and distortion power formation
mechanism in the circuits with semiconductor elements.

2) It is shown, that when nonlinear element apparent power components are taken into con-
sideration, balance on active and reactive powers coincides. Balance on the values of
apparent power and distortion power, as well as root-mean-square values of instantaneous
power components, coincides on quadratic values. It allows to realize electric circuit ana-
lysis using the analytical equations of the instantaneous power components balances and
active, reactive, apparent powers and distortion power balances.

3) The authors offered to evaluate the degree of semiconductor converter’s nonlinearity
according to the relation of active components of load fundamental harmonic power to
active power of the same harmonic of power supply. The offered nonlinearity coefficient
allows to numerically evaluate in the simple and efficient way the degree of nonlinearity
introduced by the semiconductor device in the electric circuit.

References

[1] Czarnecki L.S., Budeanu, Fryze, Two frameworks for interpreting power properties of circuits with
nonsinusoidal voltages and currents. Electrical Engineering (Archive Fur Electrotechnik) 80(6):
359-367 (1987).

[2] Krogeris A., Rasevitcs K., Sinka J., Treimanics E., Power in Circuits or Nonsinusoidal Current and
Voltage. Riga Educational Typography (1993) (in Russian).

[3] Harnaak Singh Khalsa, Generalized power components definitions for single and three-phase elec-
trical power systems under non-sinusoidal and nonlinear conditions. Electrical and computer sys-
tems engineering Monash University, Malaysia (2007).

[4] Czarnecki L.S., Physical interpretation of the reactive power in terms of the CPC power theory.
Electrical Power Quality and Utilization Journal 13(1): 87-93 (2007).

[5] Czarnecki L.S., Misinterpretations of some power properties of electric circuits. IEEE Transactions
on Power Delivery 9(4): 1760-1769 (1994).

[6] Castilla M., Bravo J.C., Ordonez M., Montano J.C., Clifford theory: a geometrical interpretation of
multivectorial apparent power. IEEE Transactions on Circuits and Systems 55(10): 3358-3367
(2008).

[7] Yildirim D., Fuchs E.F., Commentary on various formulation of distortion power D. IEEE Power
Engineering Review 19(5): 50-52 (1999).

[8] Ribeiro P.F., Time-varying waveform distortions in power systems. Wiley-IEEE Press (2010).

[9] Rod’kin D.1., Resolving the power of polyharmonic signals into components. Russian Electrical En-
gineering 74(3): 39-44 (2003).

[10]IEEE Std. 1459-2000 Trial-Use Standard, Definitions for the Measurement of Electric Quantities
Under Sinusoidal, Nonsinusoidal, Balanced or Unbalanced Conditions, Institute of Electrical and
Electronics Engineers Inc (2000).

[11] Osnach A.M., The apparent power of electric circuits with switching elements in single-phase
systems. Proc. Int. Conf. Electrical Power Quality and Utilization (EPQU'09), L.6dz, pp. 1-5 (2009).

[12] Osnach A.M., Power components in a circuit under nonsinusoidal conditions. Proc. Int. Conf. Har-
monics and Quality of Power (ICHQP'14), Bergamo, pp. 1-5 (2010).



www.czasopisma.pan.pl P N www.journals.pan.pl

N

486 M. Zagirnyak, A. Kalinov, M. Maliakova Arch. Elect. Eng.

[13] Osnach A.M., The different options regarding power components in electric circuits. Proc. Int.
Conf. Electrical Power Quality and Utilization (EPQU'11), Lisbon, pp. 1-6 (2011).

[14] Kalinov A., Maliakova M., The calculation of the electric circuit with a diode with the instant-
aneous power technique. Transactions of Kremenchuk Mykhailo Ostrohradskyi State University
4(3)3: 31-35(2010) (in Ukrainian).

[15] Slonim M.A., Limits in Application of Main Power Theories for Calculation of Active and Apparent
Powers in Linear and Non-Linear Circuits and Systems. Proc. Int. Conf. Systems Engineering
(ICSEng 2011), Las Vegas, pp. 326-328 (2011).

[16] Slonim M.A., J.D. Van Wyk, Power components in a system with sinusoidal and nonsinusoidal vol-
tages and/or currents. IEEE Proceedings 135(2): 76-84 (1988).

[17] Zagirnyak M., Kalinov A., Maliakova M., An algorithm for electric circuits calculation based on

instantaneous power component balance. Przeglad Elektrotechniczny (Electrical Review) 87(12b):
212-215 (2011).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


