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Abstract

Renewable sources like solar photovoltaic (PV) are preferred to be operated at low voltages. This neces-
sitates high voltage boosting when they have to be connected to the high voltage DC bus. Conventional
DC-DC converters (eg. boost and buck-boost) offer high voltage gain at the cost of reduced efficiency.
This paper proposes a novel method to integrate low voltage PV power to the high voltage DC bus using
a simple boost converter. The analysis of the proposed topology and control strategies are discussed.
Simulation studies are carried out in MATLAB/SIMULINK and results for the same are presented.

Introduction

Numerous requirements related to converters decide the choice of industrial drives. The focus is on
solutions that present enhancements in performance parameters and physical dimensions [1]. As electric
motor drive systems are the major consumers of energy, reducing their energy consumption contributes
to significant energy savings [1]. Increased use of renewable sources at the consumer end is one of the
promising solutions for curbing the energy crisis. Among the available renewable energy sources, PV
energy is by far the most widely used source due to its eco-friendly nature and cost effectiveness. The
traditional approach for integrating this power involves dedicated converters, which are connected to
a common bus. The functionalities of these converters are two-fold (i) extract electrical energy from
the renewable energy sources (ii) feed power to the common bus. To feed power to the common bus,
the renewable sources can be integrated either on AC side or DC side. Invariably both the methods
demand high gain voltage boosting, as renewable sources like solar photovoltaic (PV) are preferred to be
operated at low voltages. The conventional boost DC-DC converters are widely employed for stepping
up DC voltages due to its simple structure and many other advantages [2]. However, in this converter the
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ratio of output voltage to input voltage cannot be significantly high. Hence the low voltage PV integration
to a high voltage DC bus calls for a special high gain DC-DC converters [3] [4]. These special high gain
topologies significantly increase the cost, size and weight as compared to the simple boost converter.
Unified converters / multi-functional converters introduced in [5-7] for hybrid electric vehicles, use
single converter to achieve multi-functionalities The inverter legs dedicated for the motor controller are
used as the boost converter to step up the low voltage battery connected through the motor neutral, and
the motor leakage inductance is utilised as a boost inductor, instead of a separate boost-up reactor. Thus
motor windings will be carrying unified AC-DC current. This multi-frequency power transfer approach
can considerably reduce the cost, weight and volume of the system. However, in this converter the
voltage gain cannot be high [5-7].

Every voltage source inverter based variable frequency drive (VFD) has an AC to DC rectifier unit, which
includes a large DC bus capacitor at the front end. Generally the PV source is integrated at the DC side
in these applications [8]. Applying unified AC-DC concept for PWM rectifier can overcome the require-
ment of special high gain boost converters. The multi-frequency power transfer is possible, if a system
maintains an unified AC-DC voltage at the point of common coupling and allows unified AC - DC current
through it. The paper discusses a novel method of integrating a 202.5 V (Voc)/8.25 kW (HIP-190BA3)
PV source into the 1250V DC bus of a 440V/55 kW (ACS800-37) drive system. The system uses a uni-
fied AC-DC approach to integrate low voltage PV energy into a high voltage DC bus. With this method
a simple boost converter is used to perform the MPPT operation and low voltage PV power is integrated
using the same PWM rectifier, which is the part of the VFD. The work presented in this paper pertains
to the development of multi-functional converter topology and its control for improved utilization of PV
integrated to Variable Frequency Drives.

Three phase PWM rectifiers with unified AC-DC input

ES=IN
- | §2} | %4} | 56 —c2

Fig. 1: Voltage source current controlled PWM rectifier

Generally, the input to a low voltage, high power drive system is fed from a three phase, 11kV/440V, 50
Hz transformer. One of the input stages of a three phase AC drive is shown in Fig. 1 [9]. In the proposed
scheme (Fig. 2), the secondary of line transformer is modified to a zig-zag connection. The low voltage
PV is connected through the neutral of the transformer, thus applying unified AC-DC voltage across the
input of the AC to DC rectifier unit. The current through the PWM rectifier is controlled to draw both
AC and DC currents, and the DC bus voltage is maintained at 1250 V. The zig-zag connection of the
transformer avoids the core saturation due to DC currents. The transformer leakage inductance is used as
the inductance between the source and the converter. This reduces a significant part of the overall size,
weight and cost of the magnetic components in the unit.

As the input current is AC superimposed on DC, having the conventional three leg configuration (Fig. 1),
this current shape will cause an unbalance in the output DC bus capacitor voltage. To avoid such an un-
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Fig. 2: Proposed PWM rectifier with PV integration
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balance, a four leg configuration as shown in Fig. 2 is used. The four leg configuration can be decoupled
into three single phase full bridge rectifier circuits [10]. The per phase circuit of the rectifier can be rep-
resented by the switching-cycle averaged model as shown in Fig. 3. The turn-on and turn-off sequences
of a switching device are represented by an existence function. The existence function, S;; =1 when it is
turned on and §;; =0, when it is off; where i represents the phase to which the device is connected and j
signifies top (p) and bottom (n) device of the converter leg.

L
0
A
D
O
Fig. 3: Perphase model of three phase 4 leg PWM rectifiers
Ve = rly + Lpl, + Vg,
where p = %
C'deDC = Ig(SAp - SBp)
Vao = Sap(Voc +Vno) + San(Vvo) = Sap(Vbe) + Vvo
Vo = Sgp(Voc + Vo) +Sea(Vvo) = Sep(Vpe) + Vo
Vag = Vao — Vo = (Sap — Ssp)Vpe
Vo = Vpy + R{Ve/%} (D
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Where, V),, = DC quantity and V,, = complex phasor
Using harmonic balance technique,

Iy = Ly + R{Ige™™} 2

Vg = I’Ig +Lplg+VDc(SAp—SBp) 3)
Substituting (1) and (2) into (3) and comparing the components we get,

Viow + R{Vgge!® } = r{lpy + R{Igge’% Y + Lpllpy + R{Igge™ }] + [R{Me’* }Vpc + V]

Vup = (SAP — SBp)VDC = MCOS(ee + S)VDC +Vp

va = rlpv +Lplpv + Vp

Vg = rlgg + jOLIgg + Lplgg + MVpc
At steady state condition,

Vow =V,
r

pv
Vg = rlgg + jOLI,g +MVpc
Where, M = M /&° and substituting, Vg = V5Z0° and MVpe = Vo /8°

Vo L0° — Vo /&°
joL

lge =
S = Vigelyg,; from this we can write, Py = %"”E and Pye = Vol

Analysis of three phase PWM rectifier with unified AC-DC input

Fig. 4, shows the circuit topology of the four-leg voltage source AC/DC converter in which the fourth
leg is connected through a PV source to the neutral of the three-phase transformer. Considering, V,,, Vp,

- Vic
2
——Cy ™" ;R
— Vd‘.c
T 2
AT,
Fig. 4: Four leg PWM rectifier with PV integration
&V,, are balanced ; I, = L, — Lo, Ip = Ipp — Lo, Ie = Ioc — 1o I+ 1, + 1. = —1, and 1, = %
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From Fig. 4, the input voltage equations of the four-leg rectifier with PV integrated through the neutral
is expressed in terms of the existence functions and output DC voltage V. and are given as

\% V.
Vao =rla+Lpl, + %Sap - %San + Vino
V, \%
Voo = rlp + Lpl, + %S},p — %S}m + Vo
Vi V4
Veo =rle+Lpl. + TCSCp - Tcscn + Vino €]

Ve
Voo = rl, + LpL, + %(2&,; 1)+ Vo

V,
Voo = rlp + Lplj, + %(25[,17 — 1) + Vo

\%
Veo =1l +Lplc + %(Zscp - 1) + Voo (5)
Vie
Vo= 55 (2Sap = 1)+ Vo (6)

Subtracting, Eq (10) from Eq (9) we get,
Vao - Vo = rIa +Lp1a + Vdc(Sap - Sdp)

Voo —V, = rly + Lpl, + Vdc(pr — Sdp)

Veo = Vo =7l +Lp1c + Vdc(Scp - Sdp) @)
_d
Where, p = 7,
[Fys F, 5 [cos® cos(0—B) cos(0+P)
Fis| =K | Fp Where,K == | sin® sin(@—p) sin(0+p)
311 1 1
_E)s F. 3 5 5
'F, Fyq cos9 sin@ 1
Fy| =K' | Fy Where,K~' = |cos(6—B) sin(06—B) 1
| Fe Fys cos(0+PB) sin(06+P) 1

Performing g-d transformations on (11) we get,
Vs = rslys + Lyplys + OLgl g + SysVac
Vs = rglys + Lsplds - O)leqs + Sdsvdc

1
Vos = —Vo = rglps + Vdc{g [Sap + pr + Scp] - Sdp} (8)
Substituting, S;, = 0.5(1 4+ M;),), where i = a,b,c and I, + I, + 1. = —I,

1
V,s=—-V,= rSIOS—G—VdC{g[O.S(l +mygp) +0.5(14+mpp) +0.5(1 +mep)] —0.5(1+Myp) }

_Mdp

Vos = —Vo = rslys +Vdc[ 3 ]
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2(V, I
Mdpzw ©)
c

Substituting Sgs = % and Sy, = " we get,

m
Vqs = rqus + +Lsp1qs + oLl + %Vdc
mgs
Vs = rglgs + Lsplds - mLSIqs + TVdc
Cdedc - Sapla + prIb + Scplc + Sdp (Io) - ILoad (10)

Cdedc = 05[1 —l—map]la + 05[1 + mbp]lb + 05[1 + mcp]lc =+ 05[1 +Mdp] (I,,) —I10ad
CapViae = 0.5maply +0.5mpply +0.5mepl +0.5[, + I + 1] +0.5Mgply +0.51, — I1paa
0.5mgpl, = 0.5[cos(0)mys + sin(0)mgs + mo) [cos(0)Iys + sin(0) L + Log]

3 3
O-S[mapla + mbplb + mcplc] = Z [mqslqs + mdslds] + i [moslos]

Substituting m,s=0 and I, + I, + 1. = —1,;

3
CapVac = Z [mqslqs + mdslds} + O'SMde() —1I1oad (11)

At steady state condition, considering unity power factor operation, 1;,=0, V=0, V,,=V,, and I, = 31,

Vy=(1-=5)V, (A)
IL(1 - S) = 310s (B)
Mys
Vin= rslqs + TVdc ©)
0= —OLys+ Vi (D)
Vac
_Vu - rslos - %(mdp) (E)
3
0= Z[mqslqs] +0.5Maply — I1oaa (F)

From (D) we find

mgsVe
L,= G
qs 20)Ls ( )
Substituting I, in (F) we get,
k8L
Mgy = : (H)
qusvdc
Where,k = [Iload — O.SMdPIO]
Substituting my, and I, in equation (C) we get,
Vie 4rsk
Tmz — Viungs + T =0 @
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Solving for my, we get,

Vi [V —4{ e} 2k .

Vd c

Mys =

Substituting (J) in (H) we get my

Table I: Simulation Parameters

S.No. Parameters Symbol | value | units
1 Per phase leakage inductance of the transformer L 0.006 | H
2 Per phase resistance of the transformer voltage r 0.1 Q
3 Output DC capacitor Cy 1000 | wuF
4 Load resistance R 28 Q
5 Rated output power Proad 55 kW
6 Rated output DC link voltage Vbe 1250 v
7 Input AC voltage (L-L) Vac 440 v
8 PV power Ppy 8.25 kW
9 PV voltage connected in the neutral V, 200.0 A"
10 Total PV current 1, 41.25 A

3500

3000+

2500

1500

1000

o0, ; T ; ‘ i T f T

Fig. 5: Modulation Index vs DC bus voltage
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Fig. 6: Input peak AC current vs DC bus voltage
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Control block diagram

The control block diagram is shown in Fig. 7. The active power requirement in the system is directly
reflected as a change in the DC bus voltage Vpc. The output of the DC bus voltage (Vpc) controller
is taken as the active current reference and Proportional Resonant (PR) controller is used for the inner
current control. The input DC current reference, I, is generated by maintaining the output voltage of
the MPPT converter connected through the neutral of the zigzag transformer. The controller output
used for maintaining the MPPT output voltage, V, is used as the modulating waveform for the fourth
leg. Depending upon the PV power availability, each phase input current will have both AC and DC
components. Thus active power requirement of the load is shared by both grid and the PV.

%

o =
V% _/ E Gan
+
V5

Fig. 7: Control block diagram for the PWM rectifier with unified AC -DC currents

Simulation Results

The proposed scheme for low voltage PV integration and control strategy is simulated on MATLAB
/ SIMULINK with simulation parameters shown in Table I. The output power from PV is fed to the
converter through a zig-zag transformer. Fig. 8 shows the input three phase voltages, currents and output
DC voltage of the proposed topology. Each phase current is composed of a 13.75 A of DC component
and an RMS AC current of 60.98 A, transferring 55 kW of power to the load across the DC bus. Fig. 9
shows the harmonic spectrum of the input current through the "R’ phase. The spectrum shows that input
current has OHz and 50Hz as the dominant frequency components. Fig. 10 shows the MPPT converter
output voltage, current and the power. The output voltage of the MPPT converter is maintained at 200V
delivering power of 8.25kW at 41.25A, using the fourth leg of the PWM rectifier.

Conclusion

PV integration leads to significant energy savings in large consumers of energy, such as electric motor
drive systems. A novel topology of integrating PV power without requiring complex high gain boost
converters is proposed. This offers the significant advantage of not requiring complex high gain boost
converters. The performance of the proposed circuit topology and the control scheme is confirmed
through simulation study using MATLAB/SIMULINK package.
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Fig. 8: Input voltage, input current and output DC voltage of the PWM rectifier with PV integration
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Fig. 10: Simulation results for PV voltage,current and power

EPE'17 ECCE Europe

ISBN: 9789075815276 et CFP17850-ART
© assigned jointly to the European Power Electronics and Drives Association & the Institute of Electrical and Electronics Engineers (IEEE)

P.9

Authorized licensed use limited to: TU Delft Library. Downloaded on February 11,2021 at 11:12:45 UTC from IEEE Xplore. Restrictions apply.



Low-Voltage PV Power Integration for Variable Frequency Drives Application SHETTY AKSHATHA

References

[1]

(3]

[10]

H. Abu-Rub, S. Bayhan, S. Moinoddin, M. Malinowski, and J. Guzinski, “Medium-voltage drives:
Challenges and existing technology,” IEEE Power Electronics Magazine, vol. 3, no. 2, pp. 2941,
June 2016.

F. L. Tofoli, D. d. C. Pereira, W. J. de Paula, and D. d. S. Oliveira Jnior, “Survey on non-isolated
high-voltage step-up dc-dc topologies based on the boost converter,” IET Power Electronics, vol. 8,
no. 10, pp. 2044-2057, 2015.

M. Das and V. Agarwal, “Novel high-performance stand-alone solar pv system with high-gain high-
efficiency dc-dc converter power stages,” IEEE Transactions on Industry Applications, vol. 51,
no. 6, pp. 4718-4728, Nov 2015.

——, “Design and analysis of a high-efficiency dc-dc converter with soft switching capability for
renewable energy applications requiring high voltage gain,” IEEE Transactions on Industrial Elec-
tronics, vol. 63, no. 5, pp. 29362944, May 2016.

G. T. Chiang and J. i. Itoh, “Dc/dc boost converter functionality in a three-phase indirect matrix
converter,” IEEE Transactions on Power Electronics, vol. 26, no. 5, pp. 1599-1607, May 2011.

J. 1. Itoh and D. Ikarashi, “Investigation of a two-stage boost converter using the neutral point of a
motor,” IEEE Transactions on Industry Applications, vol. 49, no. 3, pp. 1392-1399, May 2013.

K. Moriya, H. Nakai, Y. Inaguma, H. Ohtani, and S. Sasaki, “A novel multi-functional converter
system equipped with input voltage regulation and current ripple suppression,” in Fourtieth IAS
Annual Meeting. Conference Record of the 2005 Industry Applications Conference, 2005., vol. 3,
Oct 2005, pp. 1636-1642 Vol. 3.

S. Rajagopalan, A. Mansoor, J. Lai, and F. Khan, “Photovoltaic integrated variable frequency drive,”
US Patent App. 12/234,156, Mar. 15, 2010.

J. R. Rodriguez, J. W. Dixon, J. R. Espinoza, J. Pontt, and P. Lezana, “Pwm regenerative rectifiers:
state of the art,” IEEE Transactions on Industrial Electronics, vol. 52, no. 1, pp. 5-22, Feb 2005.

X. Chen, Z. Wei, H. Wang, C. Li, and C. Gong, “Research of three-phase four-leg rectifier,” in
IECON 2012 - 38th Annual Conference on IEEE Industrial Electronics Society, Canada,Oct 2012,
pp. 719-724.

EPE'17 ECCE Europe ISBN: 9789075815276 et CFP17850-ART P.10
© assigned jointly to the European Power Electronics and Drives Association & the Institute of Electrical and Electronics Engineers (IEEE)

Authorized licensed use limited to: TU Delft Library. Downloaded on February 11,2021 at 11:12:45 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


